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Scientific Notebook No. 181: Assessment of
Joints from Natural Examples at Yucca
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| M(,ﬁ\ssessment of Administrative Report (Swe‘étkind et al. 1996, USGS to DOE)

1. This document is timid until possibly the last few pages. It mostly deals with the
data in large populations without resolving many fracture characteristics by set and
structural domain. Maybe this style is a necessity of the regulatory situation, where
initiative is not rewarded in favor of careful safe statements? Or, perhaps, they are
keeping the “good stuff’ for themselves, or later? Also, although nine important
outsides citations are made, the vast majority of the reference list and citations are
site specific. They need to tackle the problem and stop worrying about piling the
data? Look at Michael Gross’s body of work? Search for the limited amount of
research on jointing in welded tuffs? In fairness to the document, a contribution is
made as a function of lithology (p. 60+), which is important to constructing two-
dimensional vertical models at the site. A nice job is done with stress history of the
tectonic joints (although they “use you” incorrectly on p. 73).

Domainal thinking is in order here. Lumping all of the data together that was
collected the same way serves little purpose. The “user” of the data must have in
mind what structural/tectonic situation they want to deal with. Just consider the
pavements: .

a. ARP-1 and UZ-7A are in proximity to the hanging wall of a “Iarge” normal

(possibly sinistral too) fault. High intensity fracture patterns in hangingwall.
b.

normal and strike-slip components. “Polygonal patterns”.

P2001 is also between the faults of pavements 400 and 1000, but shows a
non-polygonal pattern. Function of lithology? Function of dextral reactivation
of joints at P2001 which may reflect this “block” responding more readily to
“present day stresses (if our interpretation of timing of causative stresses is
correct at P2001)? What about the number or abundance of smaller faults
around 400, 1000 (p. 76, yes!) and P2001, and how this affects or generates
the fracture pattern (particularly the polygonal).

FS-1 to FS-3 are in footwall and near Solitaro Canyon normal fault, which
trends N-S. They show a prgponderance of N-S trending joints, consistent

C.

400 and 1000 are down the southeast corner of the area between faults with ;

with E-W extension of fault.

600 has as it nearest faults NW-trending a sinistral strike-slip fault, which is
part of a “package”. The 110’s could be antithetic fractures to the faults in

this domain, the 000 related to E-W extension where N-S normal faults were ‘

not abundant, or? But, still another setting from the previous ones. i

f. 100, 200, & 300 in HW of Ghost Dance, but not particularly affected except |
for “noise” of 300, which is nearest the fault? ;

12 pavements and at least 5 structural settings. -Mixing data from these

different settings could be and is a futile pastime. In some cases, sets could ‘

reasonably be expected to change orientation as a function of the

station or pavement. F|g 29 (with pages 66 through 69) is the beginning of
a first cut at this with a nice factoring in of lithology/stratigraphic level, but very
little is made of the product. What about doing the same thing and factoring
out components in the stereonet by sets (they comment on cooling joint
orientations being a problem, so “eliminating these” might provide some
clarity or what about a “form line map of cooling joint traces with field data is
closely spaced like at the crest’?) This situation of many potential structural
domains with stratigraphic variations also makes the point that it might be
naive to expect one geometric distribution of fractures to be representative.
Maybe a better idea is look at constructing a set of “typical” geometries?

WNX presence/absence/activity of faults in the domain that contains a particular
s

The fracture trace length data are functionally useless as presented because it
lumps all of the sets together (although, it at least considers stratigraphic data).
Cooling joints are separated from tectonic joints, but that is not a breakout by sets.
If constructing a synthetic, a breakout by sets is needed.

The fracture intensity data are functlonally useless as presented because it lumps
all of the sets together. No attempt is made to split the data out by set. If you are
constructing a synthetic, you need mformatlon by set!

Problem of using the roughness coefficient as a discriminator of cooling from
tectonic joints after our jaunt into the ESF. Steve Beason showed us many closely
spaced parallel fractures with similar surface roughness, yet only about 1 in 5
displayed vapor-phase-paths. | have a hard time believing that they are all cooling-
related given the thermoelastic requirements, so many parallel smooth joints could
be tectonic and cooling, and more tectonic than smoothness might indicate (like in
Figure 28 for the 1:240 mapping along the Ghost Dance where the fracture
population comes closest to having similar spacing and smoothness characteristics
(I know that the orientations are different as compared to the ESF ‘tho’l)).

Kamb contouring of stereonets if they want to be “statistical”.

The underlying problem with the utility of the document is that the composers may
not have been put into a position of having to try to use their product. If they were
made to do this, | lay you money that domains, sets by domains, orientation
dispersion by position, fracture trace lengths by sets, and fracture intensities by sets
would appear. However, this would involve some “seat of the pants” work perhaps

to the final product and the work rules and Q & A rules that they operate under
might not allow this.

No

Inputs from field data, using the NE-striking set of cooling joints after reading document:

[. Length (sq) of side of sample square where 0<6<180°, and 6 has been defined

2L
above, already: Either sq = m,
- about 20 meters

2L
when 45°20 or 62135°% or sg =——, when
_ sin@ -

45°<9<135°,
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%

N\
‘% 45°<09<135°,

Il Length (g) of side of generation square where 0<8<180°, and 6 has been defined

) 6L
/Q(above, already: Either g =-———, when 45°>0 or 6>135°% or g = —69— , when

|cosB)’ sin®
- about 60 meters

lll. Scale of resolution (SR) - 20 cm.? 1 m.?
IV. Mean trgce length of fracture set - not available
V. Population description for variation in trace lengths of fracture set - log-normal or

exponential

VI. Mean or!entation pf fracture set - 035°, but could be positional dependeht
VIlI. Populat.lon 'descnption for variation in orientation of fracture set - not available
Vlil.Determination of whether fracture set has a clustered or anticlustered spacing

distribution

A. If anticlustered: -

1.
2.

mean fracture spacing - not available

Population description for variation in mean fracture spacing - not
available

B. If clustered: - they seem to think so with clusters/zones at +30 m spacing

1.

2.

3.

8.
9.

Probability of an individual fracture being inside or outside a fracture
zone - not addressed in this manner

Mean number (integer) of joints in a joint zone as counted in a traverse

normal to the zone. - not addressed in this manner

Population description for variation in number of joints in a joint zone -
not addressed ‘

Mean number (integer) of joints between adjacent joint zones as
counted in a traverse normal to the zone. - not addressed
Population description for variation in number of joints between -
adjacent joint zones. - not addressed

Mean spacing between joints in a joint zone. - not addressed
Population descrigtion for variation in mean spacing inside a joint
zone. - not addressed -

Mean spacing between joints outside a joint zone. - not addressed

Population description for variation in mean spacing outside a joint
zone. - not addressed '

N ——————

41

A

I  Comments from Verbeek & Throckmorton (1995)
b USGS open-file report

1. Page 21 bottom and 23 top, Fig. 9 - Cooling joints can display curvature of strike of
60° over distances of only 30 m. So, if common, in a generation area of 60 m
edge length, one could expect a set of cooling joints to show a large orientation
dispersion but in a spatially dependent manner. They site only one specific
example, but feel that this phenomenon is common in a qualitative senge.

2. Page 37 bottom - They felt that many cooling joints were cemented by vapor phase
crystallization, so T1 joints could be abundant (and in fact, either cut the cooling
joints if not parallel, or grow without stress-shadowing inhibition from the cooling
joints as they were sealed and could not generate a stress shadow).

3. Page 38 top - Upper lithophysal units - dominantly contain cooling joints (not
surprising as they did not have to propagate through the lithophysae like
'subsequent tectonic joints). ‘ .

4. Page 38 middle - One cooling joint set clusters in orientation with strikes around 050°
and only show about a 20° dispersion about this median in the northern half of
Yucca Mt in upper lithophysal unit of the Tiva Creek Tuff. NW-striking set is
commonly orthogonal.

5. page 41 to 42 - Paleostress interpretation for cooling joints - Three possiblities (first
two discussed by V & T): (a) Barton's suggestion that Tiva Creek Tuff was
deposited on a slope that imposed gravitational stresses and oriented fractures
parallel and perpendicular to slope; (b) At Fran Ridge in Tonopah Spring Tuff
have a N-S trending cooling joint set that could be age equivalent to E-W
regional tectonic extension (implies different regional stress conditions during
deposition of two Tuffs (my comment - but T1’s which do show E-W extension
postdate cooling joints in both units, which would require another flip-flop of
stress field - likely?); and ( ¢ ) my comment - strike of cooling joints could be
normal to “steepest” thermal gradient in tuffs in go with the assumption that Tuffs
did not have blanket-like isotherms parallel to top surface of falls (Beason and

Movyer believed in nonblanket-like isotherms). This type of control could certainly
cause gentle curvature of 1. above, which would not be expected if a regional

depositional slope controlled stress geometry like with 5(a).

IX. Fragture intensity for the joint set using parameter Py,. - available on a site specific
’ basis thgt could be useful but not divided into components by sets
_ )g Population description for variation in fracture intensity. - not available
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e ‘ Building One Synthetic Fracture Set
. , — " Purpose: PPk
——  Comments about Larry Anna Report (USGS report to DOE, 1996): Wéﬂ( ol A quantitatively reasonable synthetic representation of the fracture population in
y . P——— )

R ; the tuffs of the repository horizon and vertically adjacent layers improves the quality of
Page 6 lines 10-12: He states that fracture orientations do NOT change spatially, which — models for geomechanical reactivation or movement of pre-existing fractures by seismic
ignores two things: (1) cooling joints are the result of thermoelastic processes centered ~—— events, and for the meteoric infiltration of groundwater to and through the repository

— on the geometry of isotherms in the ash-fall tuffs during their cooling and the resultant ————— horizon along fractures. The first step and purpose of this document is to construct a

— - thermal gradients were not directionally constant across the region; and (2) The rules-based synthetic representation for one fracture set at Yucca Mt. The chosen set
Sweetkind & Williams-Stroud Admin. Report does state that .variation occurs in the |7 isthe older cooling joints (NE-striking in the reports of fractures, e.g. Sweetkind &
orientations and abundance of tectonic joints as a function of position in the region and T Williams-Stroud, 1996, Administrative Report, USGS), which are the oldest systematic

— the locally dominant type of fault. - joints in the rocks. These joints consistently predate other fracture sets, eliminating the

E— heed to conceptualize interaction with other fractures, which would be a complicating

. Page 6 lines 14-15: He states that a controversy exists about whether the joints formed R factor. Interaction with other fractures is a parameter to be included in the second step
under tension or as conjugate fractures. This “controversy” does not exist in the ~ toward a reasonable synthetic representation: building a synthetic two-dimensional
fracture Admin. Report. | — fracture network. The third step is: conversion of network to a vertical profile

_ ~ 1 ‘ plane with variation in lithology. The fourth step is: building a three-dimensional

— Page 7 lines 1-6: He states that cooling joints are not treated as separate sets from the network.

tecton!c j:oints because they are less abundant, hard to distinguish, and parallel to
- tectonic joints. Yet, the Admin. Report identifies cooling joints as being the longer Initial Configuration:

— fractures. because they are older and they have zonal distributions with increased ‘ ‘

——— fracture intensity that should be important as fluid pathways. Anna even says on the l.  Two-dimensional square view that is subhorizontal and parallel to rock layering.
previous page that abundance is not a sufficient criterion for determining the This view is subsequently referred to as the “sample area”.
importance of a fracture set. Failure to separate the cooling joints may obscure a key A. reason - majority of geomechanical and hydrological models that | was shown
co_mponent of the fracture network in statistical data for sets poorly defined by broad during my SWRI visit consider fractures in vertical two-dimensional -

~——orientation criteria (Anna does the same as in the last report on this front). geometries.

— | B. disadvantages -

Report: Essentially, the entire modelling effort is done from the fracture data in the first 1. alayer-parallel plane is at right angles to the vertical-plane models run
400 m of the ESF and does not include the surface data for the Tiva Canyon Tuff. This at SWRI.
— makes the study of surface fractures superfluous for purposes of constructing discrete 2. ESF data will not be initially used, and these data are pseudo-three-
—— fracture networks. Following this logic, all consideration of surface data should cease dimensional because fracture traces may be partially inferred across
_ immediately. Do these two components of the USGS investigation team not interact the diameter of the tunnel. However, the ESF has an extensive region
closely? | v | (4210 m to +5000 m with a waning between 4506 to 4580m) of

o anomalous intense fractures (as compared to other sampled fracture

—— Report: A Enhanced Baecher or BART generation technique is used, so no effort is populations) that are also presently of unknown origin. Thus, using the
made to consider spatially dependent variations in the characteristics of the fracture data for these fractures could be inappropriate and limits the level of
pattern during generation of the synthetic fracture network. Still, as Anna says, the data | concern about this disadvantage. :

~and analyses for these dependencies do not exist. 3. The representation is not three-dimensional, which is what is actually
— happening in the rock, but the models are only two-dimensional and it
- | is virtually never practical to sample a fracture population in three
‘ dimensions. These two restrictions limit the level of concern about this
disadvantage. :
C. advantages (counterbalance the disadvantage (i)) -
)




1. Much of the fracture data (excluding the ESF, some trenching data
and the limited number of logged boreholes) has been gathered on
rock pavements that are sub-parallel to rock layering. These sample
sites are superior becauss, they are areal rather than linear, yielding a
much higher quality of data about the geometry of the fracture pattern
(e.g. Wu & Pollard, 1995, Journal of Structural Geology).

2. These data are similar to those used in previous attempts to
characterize fracture geometries synthetically.

No initial fractures or flaws exist in sample area. All fractures will be placed in the

area by a sequence of rules based on observations of the NE-striking joint set.

Orientation of sample square - Orientation of the sample .area is not an important

variable and so can be arbitrarily defined. The square will be placed in the upper

right quadrant of a Cartesian coordinate system with E-W directions parallel to x axis

(E is positive) and N-S directions parallel to the y axis (N is positive). Sides of the

square are parallel to the axes.

. Size of the sample square - This parameter has a critical influence on the perception |

of the development of the fracture set. For example, a small size with large sparse
fractures might indicate that fractures are absent. Alternately, a large size for smaii
frequent fractures might mask the geometric characteristics of the fracture set. One
ideal case that will be attempted here would be to have the side dimension of the
square exceed the trace length of the synthetic fractures, so that some fractures
have a single termination or are completely contained within the sample area. In the
case at hand, this parameter may be difficult to establish because the NE-striking
joints are persistent with trace lengths that commonly exceed the size of the field
measurement sites. Some sites had linear dimensions in excess of 10 m.

Size of generation area (a square region concentrically centered on the square
sample area) - The primary purpose of the generation area is to eliminate “edge
effects” in the sample area. For example, during the construction of the synthetic
fracture set, some fractures will have traces that terminate in the sample area, but
have centers located outside the sample area (just as with examining fracture
populations in rock exposures). Thus, an area is needed outside the sample area o
allow the synthesizing of this fracture geometry. This size choice for the generation
area should mean that any fracture’that could terminate in the sample area will be
formed in the generation area.

Sequence of Rules (General Case where fracture traces are straight)

The first fracture - Placing the first fracture consists of four steps:

A. Locate the fracture center in the generation area (length units = meters) (see

-sample illustration) _
1. select x ordinate randomly from the rangé -a<x<2a
2. select'y ordinate randomly from the range -a<y<2a
3. Issue - resolution of selection range (possibilities - equal to smallest
scutoff filter” used by fieldworkers to select the minimum fracture size

e
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considered, equal to minimum resolution used in the model where the
synthetic will be applied, an arbitrary resolution of 10 cm’s as most
fractures in a single set have spacing that exceeds this value, or ?).
This issue may have little importance for locating the first

. fracture, but could matter later in synthesizing the single set.

4. Result is a fracture center location (r,s)
B. Define the trace length of the fracture -

1. apply the mean trace length of the natural fracture set

2. deviate from the mean-trace length as a function of a “population
distribution of lengths” for the natural set.

b(/‘m |

3. Issue - be sure to apply the same length scale of resolution as used for

locating the center.

4. Result is a fracture trace length, L.

C. Define the orientation of the fracture - .

1. apply the mean orientation of the natural fracture set. Orientation is
defined as the azimuthal trend measured clockwise as an angle from
North (000°) in the range of 0<6<180. '

2. deviate from the mean orientation of the fracture set as a function of a
“population distribution of orientations” for the natural set.

3. Issue - resolution of angles. Probably the best choice is to round to
nearest integer as measuring devices for determining angles do not
resolve below the accuracy of a single degree. '

4. Result is a fracture trend, ©.

D. Generate the fracture - The final result is a fracture centered at (k) with

. L L L L
terminations at  (k +—2—sin0,l+-§cosﬂ) and (k ——2—sin6,l——2-cos6) where

0<0<180. Terminate the fracture trace if it extends beyond the generation
area, -a<x<2a and -a<y<2a.

. Placing additional fractures using a “generation line” - placing the second fracture in

a manner dependent on the location of the first fracture consists of six steps -
arbitrary choice of side to generate next fracture, spacing, locate center, set trend,
define length, draw) A
A. Select a point along the fracture trace length. All points should have equal
probability of selection. Number of points is a function of the chosen
resolution and hence, the number of segments that the line would be divided
into by the scale of resolution. The point should be located in the middle of a
segment. o -
B. Construct a “generation line” at right angles to the mean fracture orientation
~ that passes through the selected point and terminates against the boundaries
of the generation area. The line should be defined by an equation, so that
terminations can be determined for the boundary conditions of -a<x<2a and -
a<y<2a. ' '
C. Decide whether dealing with an anticlustered or clustered fracture population,“
in terms the geographic distribution of spacings. Anticlustered means that the

I -
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probablhty of a particular fracture being a certain spacing from another
fracture is uniform for all fractures. Clustered means that the natural pattern
Xconsists of “zones” or “swarms” of closely spaced joints, which are separated
& by a few fractures with much larger spacings. Thus, the fracture populanon
»( has two characteristic spacings (although they will not show as “modes” in the
statistical sense because the smaller spacings of the zones will generally be
much more common than the larger spacings of joints not in the zones).
D. If clustered go to IL.E., but if anticlustered,
1. divide the range of the spacing population into segments (segment
size equals previously chosen scale of resolution).
2. Assign each segment a probability.
3. Select a direction to traverse line from first fracture as a 50/50
probability
4. Use a “dice-rolling function” to determine the spacing from the spacing
distribution.
Precede along line a distance equal to the spacing and locate a point.
Repeat process until generate the first point beyond the termination of
the “generation line”. Do not create this point.
7. Return to selected point on first fracture and repeat steps 4. to 6. while
going in the opposite direction from the first fracture until a point is

o o
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. Test this point for being within a joint zone where the number of joints |

A in the zone equals two. If outside go to E.11. If inside continue.

& 10.Continue to repeat steps 7. through 9., where the probability of step ix

1 " is adjusted for the number of joints that are now present in the
| generated zone, until step ix. is failed, meaning that the joint zone is-
— e “exited”. Go to E.11.
; . 11.Use a “dice-rolling function” to determine the spacing from the spacmg
distribution for joints outside a fracture zone.
—— T 12.Precede along generation I|ne a distance equal to the spacing and
—_—t locate a point.
] 13.Test this point for being outside a joint zone where the number of joints |
outside equals two. If inside go to E.7. [f outside continue. |
A R 14.Continue to repeat steps 11. through 13., where the probability of step
e 13. is adjusted for the number of joints that are now present outside a

zone, until step 13. is falled meaning thatajomt zone | is “entered” Go |,

toE.7.

15. Stop process of steps 7. through 14. when a point is generated beyond

the end of the “generation line”. Do not create that point.

generated beyond the other end of the “generation line”. Do not create

that point.
E. If clustered

1. Consider the distribution of fracture spacmgs as two separate

populations: the population of smaller spacings that defines fracture
-distribution in a joint zone and the population of larger spacings that
-defines fracture distribution outside a zone.

2. Define the range of the number of joints that may compose a zone and
assign each number a probability of occurrence based on observation
of naturally occurring fracture zones.

3. Define the range of the number of joints that may occur between
zones and assign each number a probability of occurrence based on
observation of naturally occurring fractures between zones.

4. Define a probability fot a joint being in a fracture zone based on the
total number of fractures inside and outside of zones in the natural
examples.

5. Apply the probability of step 4. to determine if the first-formed fracture
is within a zone or outside a zone. Also, select a direction to traverse
line from first fracture as a 50/50 probability.

6. If inside continue, if outside go to E.11.

distribution for joints in a fracture zone.
8. Precede along “generation line” a dlstance equal to the spacmg and
locate a point.

16. Return to selected point on first fracture and repeat steps 5. to 15.

while going in the opposite direction from the first fracture with one

initial modification. The first fracture is already defined as being within

- or outside a zone. Also, during steps 5. to 15., the number of points
created before changing state from inside to outside, or outside to

inside from the first fracture should be noted and retained. This

number is used to determine the probability of the first point in the new

traverse direction being inside or outside a zone. Once this state is

R A—

7. Use a “dice-rolling function” to determine the spacing from the spacmg :

'H. Define the orientation of the fracture -

determined apply the appropriate spacing distribution and repeat steps

5. to 15. until a point is generated beyond the other end of the

“generation line”. Do not create that point.

17.*******Dyring generation of points that are determined to be in fracture

zones, the exterior points for each zone and the line segment in

between should be noted and retained for later usage.
F. The “generation line” should now be “ornamented” by a set of points. For

each point perform the set of steps G to J:

G. Define the trace length of the fracture -
1. apply the mean trace length of the natural fracture set

2. deviate from the mean trace length as a function of a “population

distribution of lengths” for the natural set.

3. Result is a fracture trace length, L.

1. apply the mean orientation of the natural fracture set. Orientation is

defined as the azimuthal trend measured clockwise as an angle from

North (000°) in the range of 0<6<180.




- ||I. Placing more fractures second generation line -

Y)(/

\()p\» '

J. Generate the new fracture trace about the point with the trend from H.

" 2. deviate from the mean orientation of the fracture set as a function of a
“population distribution of orientations” for the natural set.
3. Resultis a fracture trend, 9. ,
|. Determine the position of the point along the trace length by dividing the line
into a number of segments by the scale of resolution. The point should have
an equal probability of being the midpoint of each segment. Use a “dice-
rolling function” to determine which segment contains the point.

Terminate the trace where it extends beyond the generation area, -a<x<2a
and -a<y<2a. :

A. Select a side of the first-generation line using a 50/50 probability.

B. Proceed a distance of twice the mean trace length of the fracture population
from the generation line along a trend normal to the line. :

C. Construct a new generation line that is parallel to the first line and terminates
at the boundaries of the generation area.

D. If none of the line lies within the generation-area, delete the line, return to the
first generation line, repeat steps I11.B. and 111.C. for the opposite side of the
first generation line. Otherwise, proceed to step III.F.

E. If none of this second attempt at a generation line lies within the generation
area, delete the line and stop the fracture generation process. Otherwise,
proceed to step lII.F.

F. Locate the first point on the generation line.

1. divide the new generation line into segments by the scale of resolution

2. If the fracture population is anticlustered, each segment should have
an equal chance of having the first point. Use a “dice-rolling function”
to determine which segment midpoint is the first point. Create point.
For subsequent points:

3. If the fracture population is clustered and the clusters are persistent
parallel to zone orientation for distances of greater than twice the
mean fracture trace length, identify those segments that are along

trend from the zones of the first generation line (information retained in

II. E. 17) and assign only them to have an equal nonzero chance of
containing the first peint. Use a “dice-rolling function” to determine
which segment midpoint is the first point. Create point. Note that this

point will be arbitrarily defined as being in a fracture zone for purposes |

- of calculating the distance to the next generation point, as the
underlying assumption of placing this first point is that it is along trend
from a fracture zone on the first generation line.

G. Placing additional fractures (points) along hew generation line:
1. If the fractures are anticlustered (F2 above): '
a. divide the range of the spacing papulation into segments
(segment size equals previously chosen scale of resolution).
b. Assign each segment a probability..

mm i

A

Select a direction to traverse line from first fre e a
tf
probability racture as a 50/50

- Use a “dice-rolling function” to determine th .
i es
spacing distribution. pacing from the

point. -
f. Repeat process until generate the fi  poi .
sat | irst point beyond the -
_ termlnatlor] of thg “generation line”. Do not create this point.

g. Return to first point (f!'actyre) on this generation line and repeat
fs’ceps d. to f whllg going in the opposite direction from the first
}‘racture yntll.a- point Is generated beyond the other end of the

, generation ling”.. Do not create that point.
2 If the fracturfas are clustered (F3 above): - '

- a. Con3|d§r the distribution of fracture spacings as two separate
populatlor)s: _the.pop_ulation of smaller spacings that defines
fractl_,lre dlstnbutlc_:n in a joint zone and the population of larger
spacings that defines fracture distribution outside a zone.

b. Define the range of the number of joints that may compose a
zone and assign e:_ach number a probability of occurrence
basgd on observation of naturally occurring fracture zones.

c. Define the range of the number of joints that may occur ..
between zones and assign each number a probability of -

occurrence based-on observation of naturally occurring
. fractures between zones. |
. Assume that the first-formed fracture (point) is withi :

. point) is within a fracture
zZone, foIIOWqu from F.3. above. Also, select a direction to
tra\{erge the line from first fracture as a 50/50 probability

fe. As inside a zone, continue, '
. Use a “dice-rolling function” to determi | i
: e-rollin ne the spacing from th
Iipacmdg distribution for joints in a fracture zonep ’ °
g. Precede along “generation line” a distance e : ing
and locate a point. ' Aualto the spacing
h. j-[)?r?tt thlst r;])oint for being within a joint zone where the number of
S In the zone equals two. If outside j. Ifinsi
jontsIn t go}to 2. If mS|de
i. Continue to repeat steps f. throu ‘ ili
: . . gh h., where the probability of
Isnte’[ﬁ h. is adjl:[tsged for the number of joints that are now preysent
In the generated zone, until step h. is failed, meani
' {(J)mt zone is “exited”. Go to 2.j. : g that the
J.  Use a “dice-rolling function” to determine the ' |
: e-rollin tio | spacing from the
spacing distribution for joints outside a fracture?zoneg.

k. Precede along generation line a di
Istance e i
and locate a point, qual to the spacing

e. Precede along line a distance equal to the spacing and locate a
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4 I. Test this point for being outside a joint zone where the number
. -of joints outside equals two. If inside go to 2.e. If outside

continue.

m. Continue to repeat steps |. thr'cugh l., where the probability of

step |. is adjusted for the number of joints that are now present

outside a zone, until step . is failed, meaning that a joint zone is
“‘entered”. Goto2.e.

n. Stop process of steps e. through m. when a point is generated

beyond the end of the “generation line”. Do not create that

—_ o X E

point.
o. Return to first fracture (point) on this generation line and repeat

—_—F— -

steps e. to n. while going in the opposite direction from the first

point with one initial modification. The first fracture is already

defined as being within a fracture zone. Also, during steps e. to
n., the number of points created before changing state from

inside to outside from the first fracture should be noted and

retained. This number is used to determine the probability of

——— . —

T

i sw

the first point in the new traverse direction being inside or
outside a zone. Once this state is determined apply the
appropriate spacing distribution and repeat steps e. to m. until a
point is generated beyond the other end of the “generation line”.
Do not create that point.
H. The “generation line” should now be “ornamented” by a set of points. For
each point perform the set of steps G to J:
I. Define the trace length of the fracture -
1. apply the mean trace length of the natural fracture set
2. deviate from the mean trace length as a function of a “population
distribution of lengths” for the natural set.
: 3. Result is a fracture trace length, L.
J. Define the orientation of the fracture - v
1. apply the mean orientation of the natural fracture set. Orientation is
defined as the azimuthal trend measured clockwise as an angle from
North (000°) in the » range of 0<6<180.
2. deviate from the mean orientation of the fracture set as a function of a
“population distribution of orientations” for the natural set.
3. Resultis a fracture trend, 0.
K. Determine the position of the point along the trace length by dividing the line
into a number of segments by the scale of resolution. The point should have
an equal probability of being the midpoint of each segment. Use a “dice-
rolling function” to determine which segment contains the point.
Generate the new fracture trace about the point with the trend from J.
. Terminate the trace where it extends beyond the generation area, -a<x<2a
and -a<y<2a.
IV. Placing more fractures usmg additional generation lines -
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. If the last generation line was placed by continuing in the first direction from
the first generation line (steps lll. B. to D.), then continue in that direction a

- distance of twice the mean trace length of the fracture population from the
last generation line along a trend normal to the line.

B. Construct a new generation line that is parallel to the first line and terminates
at the boundaries of the generation area.

C. If none of the line lies within fhe generation area, delete the line, return to the
first generation line, repeat steps IV.B. and IV.C. for the opposite side of the
first generation line. Otherwise, proceed to step IV.H.

D. If none of this second attempt at a generation line lies within the generation
area, delete the line and stop the fracture generation process. Otherwise,
proceed to step IV.H.

E. If the last generation line was placed by continuing in the second direction
from the first generation line (steps Ill. D. to E.), then continue in that
direction a distance of twice the mean trace length of the fracture population
from the last generation line along a trend normal to the line.

F. Construct a new generation line that is parallel to the first line and terminates
at the boundaries of the generation area.

G. If none of the line lies within the generation area, delete the line, and stop
fracture generation. Otherwise, proceed to step IV.H.

H. Starting from Ill.F. using the procedures in lll. to generate the first fracture
(point), all subsequent pomts and then, fracture traces on the new generation
line.

I. Return to IV. A. to create the next generation line

V. Step lll. E. or IV.G. will terminate generation of the synthetic fracture pattern. One
possible check to determine whether the synthetic population in the sample area
(not the generation area) is representative is to calculate the fracture intensity in the
sample area. The measure of intensity would be P, the total fracture trace length
in the area divided by the area (Dershowitz & Herda, 1992, Interpretation of fracture
spacing and intensity, in, Rock Mechanics, ed., Tillerson & Wawersik, Balkema
Press, Rotterdam). The check would be conducted by calculating the total fracture
trace length for all fractures that have segments in the sample area, dividing by the

|

area, then comparing the result to the population of P2, values from natural outcrops

for that fracture set. Other checks may be designed, but are not a primary concern,
until synthetics sets are being generated for examination.

Inputs: from field data, using the NE-striking set of cooling joints

I. Length (sq) of side of sample square where 0<6<180°, and 8 has been defined

| 2L, -
when 45°>0 or 6>135°% or sg =——, when

. 2L
above, already: Either sq = o036l : sine’ | .

45°<p<135°,




| s

AARRRRRRRNARE

. L*‘\
. &ength (g) of side of sample square where 0<6<180°, and 6 has been defined = T 3 /
b\,\‘})e\tbove, already: Either g = —6—L—, when 45°26 or 62135°; or g = —%- , when /
|cos6) sin@ -
45°<9<135°. P
1. Scale of resolution (SR) - ' /
IV. Mean trace length of fracture set
V. Population description for variation in trace lengths of fracture set : /
VI. Mean orientation of fracture set / -
VIl. Population description for variation in orientation of fracture set : D P _
Vlil.Determination of whether fracture set has a clustered or anticlustered spacing -
distribution Pt
A. If anticlustered: -
1. mean fracture spacing R
2. Population description for variation in mean fracture spacing
B. If clustered: e T—
1. Probability of an individual fracture being inside or outside a fracture ~ 6}’\43_ anticlustering and whether the fracture is inside or outside of a joint
-2Z0ne : ' \ zone - The orientation dispersion may be noticeably less inside a joint
2. Mean number (integer) of joints in a joint zone as counted in a traverse | swarm than outside of a joint swarm.
normal to the zone. ~ : . X T B. Alternately, the fracture trace length may be a function of being within or
3. Population description for variation in number of joints in a joint zone outside a joint zone in an anticlustered distribution of fractures. A general
4. Mean number (integer) of joints between adjacent joint zones as case for either greater average length or lesser average length couldbe
counted in a traverse normal to the:zone. . made, so the parameters of the specific case should definitely be gathered, if
5. Population description for variation in number of joints between possible. ,
adjacent joint zones. ; ‘ - C. This examples do not cover all of the possibilities, but indicate what an _
6. Mean spacing between joints in a joint zone. operator should be considering when constructing the list of input |
7. Population description for variation in mean spacing inside a joint parameters. Dependenéy relationships would affect the construction of
zone. . O ‘ computer code for the simulation. b
8. Mean spacing between joints outside a joint zone. ; i .
9. Population description for variation in mean spacing outside a joint ul
zone. : / }
IX. Fracture intensity for the joint set using parameter Pgs. /
X. Population description for variation in fracture intensity.
Xl. The above determination of these variables proceeds in a manner that assumes that » /
they are independent. What if they are not? /
A. For example, the dispersion of orientations for individual sets of fractures \ /
could be dependent on variables such as:
1. fracture trace length - longer fractures may show less variation of /
orientation; » ’ /
2. geographic position - in an individual rock pavement (10’s of meters by | /
10’s of meters) a set may not show much orientation variationas - | /
s compared to on a regional scale. If one or both of these dependencies - :
exist, then the probability function for orientation variation should /
incorporate them and trace lengths should be determined before /
orientation in the synthesis process.
i
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Comments on my S nthesizin Routine Con§iderin some of the Options
~ available in Fracman, Using content offquPOIpte 11393)_ cering:
LaPointe, 1993, Pattern analysis and simulation of:joints in rocx engineering.
@(Comprehensive Rock Engineering, ed., Hudson, v. 3, Rock Testing and Site

\ Characterization, Pergamon)

T — o

ially uncorrelated analysis - The approach that | desi_gned, is pa.rtlally
gg;ttiallyyuncorrelated (which‘i,s the simplest of the Stochastic-Geometric
es) for the following reasons:
app;\(.)a?‘?ac; lengths of adja?;ent or nearby fractures are not dependent.
B. Orientations of adjacent or nearby fractures are not d.eperjden’g.
C. The position of fractures created on adjacent generation lines is not
g to this situation are twofold:
; exceptions to this situation : _
> The1(.)n'llyhe pogitions of points on the fractures along the generg’uon zones are
dependent as a function of a scanline-like spacing lfel'atlonshlp. _

The consideration of clustering vs. Anticlustering eliminates one of the

greatest weaknesses of the patterns generated t_:y a_spat_le}lly .

uncorrelated approach (such as Poisson?an), which is the inability to

generate joint zones. An extension of this approa_ch to include -
changes in orientation and trace length as a function of w_hether joints

inside or outside of zones are being described, would |Im.It _the .

weaknesses of I.A. and 1.B. above. The existing synthesizing routine

does include a means of limiting the weakness of |.C. above by
allowing the presence of joint zones to dict_ate where fracture
intersects appear on adjacent generation ||n.es.. -

E. Still, the approach would not be able to s_elect_a point in a generating area
and apply a description of changes in orientation and trgce'length asa t
function of distance and direction from that position, which is a better way to
avoid the weaknesses of a spatially uncorrelated.effect.

2.

_ Geostatistical methods - The approach that | designed, can be improved by

[ ' i ' hanges if parameters of fractures
incorporating the use of variograms that desc_rlbe c :
asa ?unction of distance from the fracture of interest. The variogram takes the form

of:

n(h)

y(h) = (k) 2 (X (z) — X (g, + 1)’

vhore y(h) i variat i i is the number of pairs
+wherev(h) is the variation as a function of distance, n(h) is mbe

separa}(é(} by the relative distance h in the sample population (wh_lch is a vector ;

quantity as the property being analyzed may vary both as a function of both d|rﬁc ion
" and distance from the fracture of interest), X(z) is the value of the property at the
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first fracture, and X(zi+h) is the value of the property at a distance h (vector!) from

the first fracture. P
¥ This approach could be used to correct for the problems of I.A., I.B. above,

S >( “where for LA, and I.B., h would be parallel to the generation line and normal to the

median orientation of the fracture set. 1.C. is trickier and would ideally result in'an
infinite (or a small number as a function of the “class size” for the angular change
between lines) number of radial generation lines from a center point that would
describe the population in an area.. Such an approach for I.C. would run into the
problem of setting off to describe fractures in a direction where some fractures
already existed from previous generation in other directions. This is a variant of the
same problem that exists with my approach: How to interface (“make dependent”)
fractures on different but nearby generation lines.

Apparently (p. 224-225) to solve this problem, modellers distribute points for
fracture centers using a Poissonian Function (like with spatially independent
approach), selecting one point to be the start position, assigning mean
characteristics to that fracture and then using the variograms as a function of
direction (sectors of a joint rosette for the directional, as'well as, distance variation in
properties (p. 14, La Pointe & Hudson, 1985 GSA Spec. Pap. 199)) to assign
fracture characteristics at the other centers as they are encountered. This really
does not solve the problem of spatially dependent location of fracture centers
(although centers may not be the fracture initiation sites as a function of the
interaction of growing fractures during fracture propagation (Pollard & Segall, 1987,
in Fracture Mechanics, ed., Atkinson, Academic Press). So, the implementation of
variograms does not address the issue of interaction of a'newly synthesized fracture

with respect to existing synthetic fractures, in terms of the spatial dependence of the
center locations. -

Fractal analysis - Simply, the fractal dimension of a characteristic of a
phenomenon is the complexity of its occurrence as a function of the number of
spatial dimensions being considered. For example, for the fractal occurrence of the
number of points on line, the dimension, D, can vary between 0 (zero points) and 1
(points occur in every segment length of the line at that scale of observation): ‘

D =1log(N)/log(1/R) or D =log(N) /log(R)-

where N is the number of occurrences and R is the scale of observation. N’s are
calculated for a range of R’s and plotted on log/log paper as cumulative frequency of
N vs. scale of observation. When plotted this way, observation of a strong linear
correlation (power law relationship) is interpreted to mean that the population
characteristic is fractal and that the slope of the line is D. A major advantage of this
approach is the simpler data sets that are required as compared to the geostatistical
methods above (for example, a map of fractures, fracture centers or fracture =
intersections is all that is needed to calculate D). Another advantage is that unlike
the Poissonian generation of fracture centers, a fractal generation of centers would

“
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M. not be purely random, but would be a function of scale and distance (where the
smallest scale used would be the cutoff dimension as used in the fracture studies at

Y Yucca Mt. that varied between 0.2 m and 1.5 m as a function of investigators and

“ approach). Thus, a center could be established in a fractal synthesizing simulation,
the generation area divided into directional sectors (like with variograms in La Pointe
& Hudson 1985), and a function destribing fractal abundance of centers as a
function of direction and distance could be used to position other centers. Then,
spatial variograms (fractal or nonfractal) for other characteristics could be used to
construct fractures at these centers. In theory, this approach might have a better
chance of generating joint zones (p. 227, Fig. 7), if spatial clustering is present in the
fracture population. It also establishes spatial dependency between centers.

Problems exist with this approach: , :

A. No verification exists to demonstrate that the fractal approach is actually any
better than other approaches with synthetic fracture populations at producing
realistic results (p. 229). This conclusion is supported by the observation that
while many investigators of joint patterns, such as Barton and his coworkers
at Yucca Mt., have calculated fractal dimensions for joint patterns, they have
not demonstrated that this geometric characterization is a superior or more
accurate approach. Also, Barton et al. (1993, USGS Open File Report 93-
269, p. 42) could not identify a generator, which is the replicating key stone to
populations of phenomenon with fractal behavior. The inability to
demonstrate that fractals describe more accurately the fracture patterns, and
the inability to identify generator calls into question the utility of describing
joint patterns at Yucca Mt. as fractal.

B. The Yucca Mt. fracture investigations have the distinction of making the
ground-breaking assertion that joint patterns are fractal (Barton and
coworkers, various publications). With several refinements to eliminate
sampling errors (see Barton et al. 1993, p. 40), the basic approach was to
divide a rock pavement into square areas of edge size R and determine
whether the box sides intersected a fracture. The total number (N) boxes that
intersected a fracture for an edge size R could be plotted on a log-log graph
of N vs. Ror N vs. 1/R as a point. By changing the size of R, new points
were generated in the plot and the points were fit with a straight line, which
Barton and coworkers interpreted to mean that the joint pattern is fractal (e.g.
Barton et al., 1993, p. 40, Fig. 18). However, as stated by Barton et al.
(1993, P. 40), the data points lay along smooth curves even though they were
fit with straight lines. Walsh & Watterson (1993, Journal of Structural

‘Geology, v. 15, p. 1509-1512) and Gillespie et al. (1993, Tectonophysics, v.
226, p. 113-141) demonstrated that these types of data sets with true fits by
- curved lines are not fractal because they are not straight, even when the
. correlation coefficient for the regression fit of the straight line exceeds 0.993.
- The high correlation coefficient is an artifact the ranking of the box numbers
(N) and a better measure of fit is found when plotting line slope vs. box size
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(ﬁ Watterson (1993) perform their analyses on accurate versions of the fracture

C.

(R or 1/R). For this type of a plot, the resuits are strongly nonlinear (e.g.
Q(Walsh & Watterson, 1993, Fig. 4b) and hence, non fractal. As Walsh and

maps for pavements 100 and 1000, the joint patterns at Yucca Mt. have not.
been successfully demonstrated to be fractal. : S
Another problem is that the joint characteristics could be scale invariant or
fractal for portions of the scales at which the fractures are observed (La -
Pointe, 1993, p. 229, e.g. Wojtal, 1994, Journal of Structural Geology, v. 16,
. p. 603 - 614; Aydin, 1996, Fig. 2.3 in NRC report), rather than simply fractal
over the entire range of observation. If so, it is necessary to identify this
situation rather than assuming that the characteristics of the joints are
invariant for all scales. Ifthe data sets at Yucca Mt. are “multifractal (consist
of populations at different ranges of scales that each have their own fractal
dimension)”, the data (Fig. 7, Barton et al. 1993) would be fit with several +
straight line segments (e.g. Wojtal 1994). The test was not conducted, so
multifractal behavior over the range of observation is unproven.

Establishing a fractal dimension for the one characteristic of the joint pattern
‘(occurrence or absence of a fracture in a box of side dimension R) may not
usefully characterize the individual characteristics of a joint pattern, even if
these characteristics are fractal (Gillespie et al. 1993). 2D box-counting
techniques, such as used by Barton and coworkers for occurrence, clump
together many interdependent characteristics of the joints such as size
distribution, orientation, linkage, and spacing, which may scale
independently. Thus, the approach of measuring one parameter (presence
or absence of a joint in a box of side dimension R) is insensitive to the
individual and interrelated effects of these characteristics, and does not
describe them even if they are individually fractal or “multifractal”. Hence, the
fractal dimensions determined by Barton and coworkers have little utility when
trying to synthesize fracture populations in terms of characteristics such as
size distribution, orientation, linkage, and spacing. This problem is
exacerbated by observations about the population distribution of
characteristics such as fracture spacing. This characteristic has been shown
by many workers to be nonfractal because it lacks in a power-law distribution,
but instead, may have a log normal, exponential, gamma, normal (periodic),
or multimodal distribution (Rives et al., 1992, Journal of Structural Geology, v.
14, p. 925-937; Gillespie et al. 1993; Becker & Gross, 1996, Tectonophysics,
v. 257, p. 223-237)(distributions are illustrated in Fig. A4 onp. A12inthe
Fracman User Documentation of Dershowitz et al., 1996).

In summary, it is the opinion of this investigator that the fracture networks at
Yucca Mt. have not been shown to be fractal, are not fractal, and even if they
‘were fractal in the manner described by Barton and coworkers, the “bulk”
characteristic would have little use in constructing realistic synthetic fracture
patterns that addressed directly characteristics such as size distribution,
orientation, linkage, and spacing.

|
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Rule-based Methods - As presently employed (Stone, 1984, Int. J. Rock. Mech.
Min. Sci. & Geomech. Abstr., v. 21, p. 183-194; La Pointe 1993) this method cannot
be used to generate synthetic joint populations for a rock volume. Presently, the
method uses one-dimensionally measured data (e.g. scanline or borehole) to predict
local fracture geometry in the immediate rock volume. One of the simplifications of
this approach is to assume that fracture centers lie along the linear traverse, which
would be incredibly fortuitous in nature. However, the crux of the approach, melding

empirical rules with statistical observations, may have some use. The rules are

used to define the dependencies and hence, the order in which characteristics
(statistical properties) are consider/applied. This general approach could be used to
meld geostatistical observations about fracture size, spacing and orientation, in
terms of their interdependencies (e.g. consider different suites of statistics if
considering clustered or anticlustered fracture populations).

Stochastic-mechanistic Methods - Constraints on the statistical analyses of
characteristics of a fracture population could be bounded by mechanical parameters
that affect the ability of rock to fracture. Three examples are bed thickness,
curvature and lithology. At Yucca Mt., only lithology has been identified as a
controlling mechanical parameter from this set of three possibilities (Sweetkind &
Williams-Stroud, 1996, USGS Admin. Report to DOE). The welded-tuff lack the thin
layering, except in the PTn portion of the stratigraphy (Sweetkind et al., 1995, VUSG.S
Admin. Report to DOE), for fracture spacing control by layer-thickness. Dips and dip
changes at Yucca Mt. are too small for fracturing induced by curvature to have
occurred. ‘

Sidebar to Synthesizing One Fracture Set

pe

1. This approach differs from the dominant approach of FRACMAN, which is to define

population statistics and generate the entire fracture population in one calculation.
This approach is chosen because the distribution of fractures in a synthetic
population is not dependent on other fractures (possible exception is the warzone
simulation).. A mechanism exist3 in FRACMAN to create a population, one fracture
at a time. That might be the means for applying this approach to FRACMAN, but
the code is not really configured to do this effectively.

. How many synthetics have to be used in the geomechanical or hydrological

modelling runs to get a representative range (or convergence?) of results?
Remember that all synthetic populations meet the generation parameters‘and
hence, should be “legitimate” examples. One possible “independent” check of the
utility of a synthetic might be to calculate the trace length per unit area (P2, of
Dershowitz & Herda, 1992) and compare that to the range of Py, calculated from the
appropriate rock pavements for individual sets, or total populations, or?

. The resolution of parameters such as joint length, spacing or angles could usefully

be a function of the model where they will be applied. However, the models that
have dimensions of several hundred meters to kilometers will not have useful
resolutions for applying these synthetics. Hence, the creation of the synthetics may
directly alter the scale of the system being simulated in the geomechanical or
hydrological models.

. P2z is a better measure of fracture intensity than the spacing between fractures,

particularly when more than one fracture set is present. Unfortunately, it is a scalar
quantity that is a function of both trace length and spacing, and | believe cannot be

used to help generate the synthetic populations (although it may constitute a useful
check after generation). )

. A problem with this generation technique of essentially using “spaced scan lines” is

that while it includes spatial dependency between fractures along single generation
lines, it does not do this between lines. The use of the double the mean trace length
to space generation lines damps “interference” of synthetic fractures between
generation lines, but really does not positively address a dependency relation
between fractures as a function of their termination geometries. | need to think
about this some more. The up side is that incorporation of clustering effects, if they
exist, does build dependence of fracture location between generation lines, which
may partially alleviate this concern. Still, this type of problem is to be expected
when trying to geometrically characterize a structural phenomena that is the result of
mechanical controls, but which controls are not well understood or reproducible as
unique discriminants for geometric characterization.

6. Dependent variable problems -

a. For example, the dispersion of orientations for individual sets of fractures may

be dependent on three other variables in some cases (such as the early
cooling joints?):
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i. fracture trace length - longer fractures may show less variation of
orientation; :

ii. - geographic position - in an individual rock pavement (10’s of meters by
10’s of meters) a set may not show much orientation variation as
compared to on a regional scale. If one or both of these dependencies
exist, then the probability function for orientation variation should
incorporate them and trace lengths should be determined before
orientation in the synthesis process. _
anticlustering and whether the fracture is inside or outside of a joint
zone - The orientation dispersion may be noticeably less inside a joint
swarm than outside of a joint swarm. : -

b. Alternately, the fracture trace length may be a function of being within or
outside a joint zone in an anticlustered distribution of fractures. A general
case for either greater average length or lesser average length could be
made, so the parameters of the specific case should definitely be gathered, if
possible. ' '

Later, when assessing causes for the “excess” fracturing in the ESF beyond 4200m,
the two applicable load states (Engelder & Fischer, 1996, Tectonophysics) should
be considered: thermoelastic loading (cooling of tuff) and “axial extension” (not fixed
grips). For the thermoelastic case, the multiplier of the relative amount of energy
(and hence the Atemp?) to cause this much fracturing as compared to a “normal’,
less abundant population of cooling joints could be calculated. For the strain case,
the Ghost Dance Fault hangingwall with intense fracturing is the analog, if assume
that fractures are forming in a “release quadrant” for the fault (if all along fault in
HW, then normal motion, if only along %, then strike-slip). For this hypothesis, the

. joints would result from strain partitioning to absorb horizontal extension (very small

amount despite number of joints!), but only in release quadrant (HW, not FW if near
top of normal fault, for example). Amusingly, if this geometry/hypothesis is correct,
then a similar “package” of fractures should exist at depth in the footwall of the fault
in the other release quadrant. By analogy, if the ESF is in or above the HW of a
normal fault, the joints could be from this type of cause. Also, the fault need not be
major, if one considers the intense joint pattern at surface within HW of Ghost
Dance for displacement of Ghost Dance. Problems with this idea - (a) if related to a
NS trending normal fault, would expect NS trending joints; (b) very large zone of
intense fractures along ESF for fracture trends of 290° to 315° unless ESF is
parallel/above a NS trending sinistral strike-slip fault, which would generate such
joint trends in its release quadrant (implies fault length that runs well to south of
ESF, so that stay in release quadrant)(note that Potter-et al. 1996 GSA abs. Denver
spent a lot of time talking about sinistral movement events on faults in and around

“repository site); and © fractures trending 290° to 315° are NOT going to simply be a

strain partition from the EW extension event that formed the normal faults in the
area. ‘
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' Some Interesti i :
—— ing Calculations when considering th
] ESF in the To : | at_the Frequent Fractures in
— W& hopah Springs Tuff are of Cooling (thermoelastic) Origin
e S . . -
1 thomostastc sioss hat wil tioar & e change necossary o cause suffien
: er a initi :
4 fracture toughnoss of rock) gg initial flaw to fracture (crack tip stresses exceed
T Have these start parameters for Tuff; . |
R . L...................._.............
I e e e A —
- , nges from'0.1 mm (0.00 —
) E (Young’s modulus) = 5 x 10'° Pa ( 01m) to 1 cm (0.01m
o (coefficient of thermal expansivit 3ot |
y)=2x 10" °K \
Y (shape factor for crack) = 1  —
for case where calculate Tem ‘
. ; eratures ne ; . .
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= AT = éoc ‘
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et will cause flaw failure. | mperature required to generate the necessary o that
Flaw size - =
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‘ 0.0001 56 56 !
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~— y, Consider two situations: (1) fractures every 5 cm (21 joints in 1 m) - frequent in ESF; |

____Yand (2) fractures every 1m (2 joints in a 1 m) - interpreted (mine) “background” joint : : : : ‘ : / -
hispacing in Tonopah Spring Tuff from stations TV1 through TC4 in Verbeek & ‘ Y : : // :

~— { Throckmorton (1995, USGS Open File Report). An additional parameter is necessary =~ ——— :

- {10 determine the extension (elongation normal to the plane of jointing for mode | S— ‘ '

__dfracturing) - dilation for each fracture. A range is of possible dilations is offered here of , ' /

1 pum (0.000001 m) to 100 pm or 0.1 mm (.0001 m) per fracture. In this case, the W : /
quation of choice is: ' e

— E=0OAT,

= AT = % ’ —
—— where ¢ is the magnitude for the extension by the number of joints in a meter. ]

|1
N
\

—— | Number of Joints _ Dilation (m)  Extension ¢ (10°°K") AT (°K) | .
N .000001 000021 2 1 ‘
21 .0001 .0021 2 105 | ‘
— | 2 .000001 .000002 2 0.1 I P \ ‘
e | 2 .0001 .0002 2 10 -1=7 —
— - : s anyone have useful aperature values for joints and what afrfedtl:ll’?r?e Zc?cl)lfiisg?be i j
This second approach yields a larger range of temperature change, but a temperature 4) Do S| da siyze and organization of thermal plumes in the welded tu 9 t
change of 0.1°K seems very unlikely. Otherwise, any fluctuation in temperature in’ 5) Wou

- on the order of 100’s of meters?
—— rocks behaving elastically would cause fracturing! If this type of calculation is
—— appropriate then the “background” amount of joint formation by cooling joints is
____releasing almost negligible thermoelastic stress. Hence, thermoelastic contraction for
the “background” case is either small or being accommodated by some unspecified o
mechanism that behaves continuously (no fracturing). Another thing to note is that for "; ‘
—— the fractures in the ESF to be strictly the result of thermoelastic contraction during |
. cooling, the temperature decrease would have to be an order of magnitude greater than ;
at other locations with just the “background” population. Even allowing for thermal 1 . /
plumes in the welded tuff during cooling, the high intensity zones in the ESF have one i /
—— oblique dimension (tunnel parallel) of 100’s of meters. Would plume scale and ,
____organization be this large scale? ‘ , ‘ /
So, the two approaches yield r"anges of about 5 to 50 (one order of magnitude) | ‘ f ‘ /
°K and 1 to 100 (two orders of magnitude) °K for the temperature change. | ‘ . ‘ /

: ? ' _ o
Comments Dave (Or from your SOUri?*s*?:*i!\iﬁ!k)*;*******************f***:k*******************

kkkkkk
***********************************

' I
Fedodokedkededeokok gk kokhok R odkodeok dodedodede o dekde dededdoded ke e de e ke de ek T ke ok o ok e e e ok o ke ok ok ok o o e ok ok ok ok o 9 ok e e ok e e ok ok e o ok ok ok e ok o e ok ke o ke ok ke ok e ke ; /
m—— |

This type of analysis leads to several questions:

\ ‘ ,
1) What was the temperature of the tuff immediately after welding ? ‘ /

~——  2) How long did it take the tuff to cool down to the ambient thermal conditions for rocks /
" buried at a couple 100 m’s? /

3) Are the elastic properties of the tuff different at elevated temperatures (specifically E, } , /
o, Kic)? - ! -
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Parameter

Value Comments

1FM = (meters)
Scale (% viewed)

50 center region edge length = 33.3 m
0.5 Looking at region 17 m bigger than center

49

5
/ /?5(
fac% 1.00E-04

deviation factor 1

error? =.singular covariance in (ransph)setup_bivnormal - all fracs are parallel

Wz2
Parameter Value Comments
In generate menu, used single fracture with war zone option to form three "derminate” war zones

Fracture set yes They are bounded by surfaces at 040/85NW, eq. rad. of 50 or 75m, 16-sided polygons,
Model War zone & separated by 4m. - wz2naked.fdt
Generation mode centers I Then | attempted a single set generation with war zone turned on.
truncation mode by region TFM = (meters) 50 center region edge length = 33.3 m
Orientations pole ; Scale (% viewed) 1 Looking at region 17 m bigger than center
Fracture intensity P32 R R Fracture set ves
# of sides (range:1-16) 10 3 Model War zone
Shape box Generation mode centers
Region inside l truncation mode by region
Region Dim (L,W,H) (100, 100, 100) ‘ Orientations pole
Center Xo (x.y.z) (0.0.0) Fracture intensity P32
Pole (tr,pl) 130/05 (040/85NW)  Cooling joints at 040,layer normal # of sides (range:1-16) 16
Orientation spread Bivariate normal Shape box
Spread parameters k1k2,k12=1,11 attempting tight orientation spread 7 Region inside
Size (eq. radius)(m) 5 5 m is bigger than total pop. mean (but cooling) Region Dim (L,W,H) (100, 100, 100)
Size distribution Trun. Exp. (0,20) Exponential one of state possibilities Center Xo (x,,2) (0, 0, 0)
Dir. of elongation N/A Pole (tr,p)) 130/05 (040/85NW)  Cooling joints at 040,layer normal
Elongation distribution  N/A Orientation spread Bivariate normal
Aspect ratio 1 (circular) i Spread parameters k1,k2,k12=2,2,9  attempting tight orientation spread
Aspect distribution NA } Size (eq. radius)(m) 4 4 m is bigger than total pop. mean (but cooling)
WZ intensity 5 5 times more intense inside War Zone Size distribution Trun. Exp. (1to 10)  Exponential one of state possibilities
WZ Parallelism 1.2 allow the effect to occur for parallelism of <6 deg. Dir. of elongation N/A
WZ Largeness 2 range (1 to 5),kinda large relative to norm. Elongation distribution  N/A
WZ Closeness 2 range (1 to 5), kinda distant relative to norm ¥ Aspect ratio 1 (circular) —
termination % 0 do not terminatel! - [ Aspect distribution N/A
Intensity P32 1.00E-01 .1 is kinda low compared to .3 to 2.0 for P21, P10 ‘ WZ intensity 10 5 times more intense inside War Zone
Intensity distribution gamma not a report choice, but they are probably wrong. WZ Parallelism 1.2 allow the effect to occur for parallelism of <6 deg.
‘gamma coeff, 3.00E-04 should be 5e-277? not weli defined in manual - WZ Largeness 2 range (1 to 5),kinda large relative to norm.
Fracture radius lower 1 m? | WZ Closeness 2 range (1 to 5), kinda distant relative to norm
Fracture radius upper 20 m? ! termination % 0 do not terminate!
TRANSMISSIVITY - —4 Intensity P32 1.00E-01 .1 is kinda low compared to .3 to 2.0 for P21, P10
correlates to size Intensity distribution ' gamma not a report choice, but they a're prpbably wrong.
exponent 2 where 1 = finear correlation y gamma coeff. 3.00E-04 should be 5e-2?? not well defined in manual
factor 1.00E-04 = Fracture radius lower 1 m?
deviation factor 1 Fracture radius upper 10 m?
STORATIVITY 1.00E-06 TRANSMISSIVITY -
correlates to none correlates to size
exponent N/a | exponent 2 where 1 = linear correlation
;aCt,O';_ tact m;z factor 1.00E-04
eviation factor iation factor ; 1
, FRAC THICKNESS gﬁ‘gﬁﬂ,v,w 1.00E-06 )
correlates to size .
exponent 2 !
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none — —
exponent N/a oo | Fracture radius upper 10 m? |
factor N/A ] - _ TRANSMISSIVITY
deviation factor N/A T e e Gorrelates to size L
FRAC THICKNESS B exponent 2 where 1 = linear correlation ‘
correlates to size ‘ H factor 1.00E-04 e
exponent 2 T — e Jeviation factor 1 —
factor 1.00E-04 S STORATIVITY 1.00E-06 ‘
deviation factor 1 T correlates to none
ran without the binormal variance error, but warzones betweent "warzones"? B exponent N/a
wz3 . - factor NA N T
Parameter Value Comments T deviation factor NA —
Began with wz2naked.fdt FRAC THICKNESS |
Changing parameters so that warzones do not occur between "warzones" correlates to size ——
exponent 2 , i .
Then | attempted a single set generation with war zone turned on. factor 1.00E-04 ‘
1FM = (meters) 50 center region edge length = 33.3 m deviation factor 1 -
Scale (% viewed) 0.5 Looking at region 17 m bigger than center ran without the binormal variance error, but warzones betweent "warzones"? ‘
Fracture set yes WZ4
Model War zone Parameter Value Comments I—
Generation mode centers Began with 3 single fracture warzones with thicknesses of 40, so that |
truncation mode by region bounding fractures of adjacent warzones are close together and far from other half E—
Orientations pole E—
Fracture intensity P32 Then | attempted a single set generation with war zone tumed on. |
# of sides (range:1-16) 16 1FM = (meters) 50 center region edge length = 33.3 m i
Shape box Scale (% viewed) 0.5 Looking at region 17 m bigger than center *
Region inside Fracture set yes {
Region Dim (L,W,H) (100, 100, 100) Model War zone b
Center Xo (x,y,2) (0,0, 0) Generation mode centers |
Pole {tr,pl) 130/05 (040/85NW)  Cooling joints at 040,layer normal truncation mode by region |
Orientation spread Bivariate normal Orientations pole S————
Spread parameters k1,k2,k12=2.2,.9 attempting tight orientation spread Fracture intensity P32 1
Size (eq. radius)(m) 4 4 m is bigger than total pop. mean (but cooling) # of sides (range:1-16) 16 T
Size distribution Trun. Exp. (110 10)  Exponential one of state possibilities Shape box e
Dir. of elongation N/A " Region inside :
Elongation distribution  N/A Region Dim (LW,H) (100, 100, 100) r—
Aspect ratio 1 (circular) Center Xo (X,Y,2) (0, 0, 0) : ,
Aspect distribution N/A Pole (tr,pl) 130/05 (040/85NW)  Cooling joints at 040,layer normal ;
WZ intensity 10 5 times more intense inside War Zone Orientation spread Bivariate normal e —
WZ Parallelism 1.2 allow the effect to occur for parallelism of <6 deg. Spread parameters kik2k12=22.9 attempting tight orientation spread . |
WZ Largeness 2 range (1 to 5),kinda large relative to norm. Size (eq. radius)(m) 4 4m is bigger than total pop. mean (but cooling) I
WZ Closeness 5 range (1 to 5), kinda distant relative to norm Size distribution Trun. Exp. (1to 10) Exponential one of state possibilities W
termination % 0 do not terminate! Dir. of elongation N/A 1 '
Intensity P32 1.00E-01 .1 is kinda low compared to .3 to 2.0 for P21, P10 Elongation distribution  N/A |
. Intensity distribution gamma not a report choice, but they are probably wrong. Aspect ratio 1 (circular)
gamma coeff. 3.00E-04 should be 5e-2?? not well defined in manual Aspect distribution N/A
Fracture radius lower 1 m? WZ intensity 10 5 times more intense inside War Zone

W2Z Parallelism

1.2 allow the effect to occur for parallelism of <6 deg.
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WZ'Largeness
WZ Closeness
termination %
Intensity P32

4 range (1 to 5),kinda large relative to norm.
5 range (1 to 5), kinda distant relative to norm
do not terminate! '
1.00E-01 .1 is kinda low compared to .3 to 2.0 for P21, P10

Intensity distribution gamma - not a report choice, but they are probably wrong.

gamma coeff, 3.00E-04 should be 5e-2?? not well defined in manual —

Fracture radius lower 1 m? s TP

Fracture radius upper 10 m?

TRANSMISSIVITY I

correlates to size e N R

exponent 2 where 1 = linear correlation

factor 1.00E-04 T
- deviation factor 1 [—

STORATIVITY 1.00E-06 .

correlates to none Tn————-w

exponent N/a

factor N/A ? *“

deviation factor N/A

FRAC THICKNESS

cotrelates to size

exponent 2

factor 1.00E-04

deviation factor 1

ran without the binormal variance error, but warzones betweent "warzones"?

WZ5
Parameter

Value

Comments

Used wz2naked.fdt for deterministic warzones
Then, in set generation, set the warzone parameters all to 1, so WZ=3, => no warzone

1FM = (meters)
Scale (% viewed)

50 center region edge length = 33.3 m

1 Looking at region 17 m bigger than center

A

Region Dim (L,W,H)
Center Xo (x,y,2)

{0,0,0)

Fracture set yes _
Model War zone
Generation mode centers
truncation mode by region
Orientations pole v
. Fracture intensity P32
# of sides (range:1-16) 16
Shape box
Region inside

(100, 100, 100)

fafhse

Size distribution

Trun. Exp. (1o 10)

Exponential one of state possibilities

Dir. of elongation N/A

Elongation distribution  N/A

Aspect ratio 1 (circular)

Aspect distribution N/A o o

WZ intensity 10 5 times more intense inside War Zgne

WZ Parallelism 1 allow the effect to occur for parallelism of <6 deg.
WZ Largeness 1 range (1 to 5),kinda large relativg to norm.

WZ Closeness 1 range (1 to 5), kinda distant relative to norm

ination % 0 do not terminate!

tli:;::;;/lcl)gsg 1.00E-01..1 is kinda low compared to .3 to 2.0 for P21, P10
Intensity distribution gamma not a report choice, but they are prpbably wrong.
gamma coeff. 3.00E-04 should be 5e-27? not well defined in manual
Fracture radius lower 1m?

Fracture radius upper 10 m?

TRANSMISSIVITY

correlates to size '

exponent 2 where 1 = linear correlation

factor 1.00E-04

deviation factor 1

STORATIVITY 1.00E-06

correlates to none

exponent N/a

factor N/A

deviation factor N/A

FRAC THICKNESS

correlates to size

exponent 2

factor 1.00E-04

deviation factor

1

Pole (tr,pl})

Orientation spread

Spread parameters
~ Size (eq. radius)(m)

130/05 (040/85NW)

Cooling joints at 040,layer normal

Bivariate normal

k1,k2k12=2.2,9

attempting tight oriéntation spread
4 4 m is bigger.than total pop. mean (but cooling)

again, the deterministic warzones are not controlling the fracture intensity
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DESCRIPTIONS OF FRACTURE
PATTERNS FROM SURFACE DATA
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B Rﬁ%ﬁURE DATA TYPES FOR CONSTRUCTING

DISCRETE FRACTURE NETWORKS

« |dentification of Fracture Sets

__ « Positions of Fracture “Centers”

__ « Orientations and Population Characteristic§

« Trace Lengths and Population Characteristlgs _
__« Spatial Intensities and Population Charac_tenstl_cs
__« Termination, Age, and Connectivity Relationships

___ « Variations as a Function of Lithology _
« Variations as a Function of Geographic or Structural

_— Position |
e« Variations as a Function of Other Fracture

—_— Characteristics
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Information potentially subject to copyright protection was redacted from
pages 57 through 65 of this scientific notebook.. The redacted material
(listed below) is from the following reference:

Sweetkind and Williams-Stroud. 1996. No additional information is known.

Figures: Fracture sets at pavement 2001 at Fran Ridge; Grouped fracture data from
TIVA canyon tuff..., orientations of joints in TIVA canyon and Topopah spring
tuffs...Fracture trace length data, (table) Fracture intensity and network geometry...,
Fracture intensity and fracture frequency data, Termination relationships,
Generalized stratigraphy of the Paintbrush group..., Fracture strike distributions.
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* Increased Welding of Tuffs Increases Fracture ® e
Intensity, Connectivity and Fracture Size § £ u.
* Fractures Tend to Terminate at Limits of Welded S ff
Zones, Limiting Vertical Connectivity n

« Changing Fracture Orientations
« Changing Fracture Spacing

 Where Welding is Less, Increased Pumice Content |
and Clast Size Decrease Fracture Intensity S

* Lithophysae-rich Zones Decrease Fracture Size,
Decrease Fracture Intensity, and Increase
Fracture Roughness

zVariations to Fracture Pattern During Cooling of Tuffs

c T Q
* In Lithophysae-rich Zones, Cooling Joints may be ° ,2 =
Abundant, and They are Unaffected Because P w O
They Predate the Lithophysae -
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Variations to Fracture Pattern During Normal Faulting

Variations

Joint Normal Loadin

Schematic Map View

S R

e &
S \\
-~ Regional or

\\, Local extension \ \ \ 3 V

— Fractures|/,

dUs=dUw- dUe -CY « Changing Fracture Spacing

e Changing Relative Abundance
of Fracture Orientations

e Changing Size Distribution
of Tectonic Joints
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*INHOMOGENEITIES AND DEPENDENCIES \\k\ ~

~ OF FRACTURE CHARACTERISTICS

Investigators of Surface Fractures Indicate that

the Cooling Joints may Show Spatial Clustering

" ¢ Tectonic Joints do Show Spatial Clustering near

~ * Where Joints are Spatially Clustered, They Form

Zones or Swarms where Fracture Sizes and

Abundance are Greater while the Variation in

Fracture Orientation Decreases

Pathways through Rock Volumes

- Increase in Joint Size _
- Decrease in Joint Spacing

e Increase in Fracture Intensity
e Decrease in Variation of Orientation
e Creation of "Penetrative” Fracture

e Increase in Joint Size
e Increase in Aperature?

T

EFFECTS OF CLUSTERING ON CHARACTERISTICS OF A JOINT SET
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- @%HY CONSIDER MODELLING GROUNDWATER
_+*" FLOW WITH DISCRETE FRACTURE NETWORKS

AT YUCCA MOUNTAIN?

Fractures are the Dominant Form of Rock Permeability,

Particularly in Welded Tuffs

Fracture Populations are not Uniform across the

Repository Site and Change Dramatically on
the Scale of 100 to 200 m as a Function of
Lithology, Cooling History, Structural Position,
and Interdependencies between Fracture

Characteristics

At a Given Location, the Large Interconnected Fractures

have only a Few Orientations

Fractures Display Zonal (Clustered) Distributions
Colloid Tracer Experiments for Fractures in Tuffs

Show Large C/Co Values for Breakthrough Curves
and Measured Aperatures of 0.05 to 0.6 mm.

)

STEP 2: LOCATING FRACTURE CENTERS

(2a.0)

(0,2a)

“'h "

'Generation
™ Line"

.,

X+
w

(a.a)
", y
.(.k‘I)
(2.0)

=y

(0,a)

(0.0

(0.-a)

Little Data about Fracture Center

e Perhaps, the Most Problematic Step as
(or Initial Flaw) Distributions

e No Simple Observational Rules Exist

®

(-a,0)

- Fractal (Scale and Fractal Dimension)

- Poissonian (Uniform Random)

e Common Approachés are:

e Future Technique to use Geostatistical
Variograms

e Here a less Sophisticated Approach is

Applied, Using a Generation Line that

is Oriented Normal to Mean Orientation

of Set and Fracture Spacing Data




STEP 3: GENERATING FRACTURE TRACES

9L

A o

~

e Spatially Independent Approach:

- Locate a Fracture Center

- Use the Population Distribution to I
Determine the Trace Length about
a Mean Length

- Use the Population Distribution to
Determine the Orientation about
a Mean Orientation

e Spatially Dependent Approach:

- Use an Approach such as a
Variogram or Fractal Scaling
to Determine Changes in Size
and Orientation as a Function
of Position

(-a,0) L] (2a,0)

e Also, Consider Whether Clustering
is Present, and if so, Modify Population
Distributions for Fracture Characteristics
within the Clusters

EXAMPLES OF SEMIVARIOGRAMS FOR SPATIAL DEPENDENCE

n(h)

y(h) = %n(h@l(X(zi) ~ X(z + )

<
&

where y(h) is variation as function of distance, n(h) is number of pairs h

separated by relative distance h (a vector quantity!), X(zi) is value at

first fracture, and X(zi + h) is the value at a distance h from first fracture

Example Variogram For Fracture
Frequencey of One Joint Set

Example Variogram For Fracture
Orientation of One Joint Set

Distance (m)

*Modified from La Pointe & Hudson (1985)

0325 ' i
8 2 8 7o . !M\
.§ -0 75 g 6.0 R r\ /’/‘\ /" T
o = e it N e
§ 0225 5 5.0/ o L
£ .0175} [ £ IRV AR
[ ! o 4.0 ] hy” o
@ 012510 | ra? » s .
--------- f"'"—\'— 3.0+ y -L“\'/L'\¢ .
L& a1 ] i | —y 1/ ul ] ] )
7.6 229 38.1 53.3 68.6 7.6 229 38.1 53.3 68.6

Distance (m)

L,
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GENERATION OF ADDITIONAL FRACTURE TRACES

©28)

%

Z

¢ In this Case, Additional Fractures are
formed by Creating New Generation
Lines, and Replicating the Process

e With other Approaches to Defining
the Initial Distribution of Fracture

_Centers, this Step is Unnecessary
(-a,0)
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V. FRACMAN PROGRAM FOR
CONSTRUCTING AND TESTING FLOW IN
DISCRETE FRACTURE NETWORKS

81

Information potentially subject to copyright protection was redacted from
pages 81 through 84 of this scientific notebook.. The redacted material
(listed below) is from the following reference:

Dershowitz, et al., 1995. No additional information is known.
Figures: Fracman modeling package, Fracman graphical user interface,

Geometrical conceptual models for constructing hypothetical fracture
networks, Sampling a discrete fracture network...
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83

g

FRACMAN GRAPHICAL USER INTERFACE

GENERATION OPTIONS

Caneration Mode: Canters
Truncation Mode: Off

Orientations : Pole
Intensity : # of Fracs
# of Sides 6

GOt

k

¥- %‘ !’
s
2~

R HENEE 108 8 ¢-18%n:-1gen-1ae

(from Dershowitz et al. 1995)

— GEOMETRICAL CONCEPTUAL MODELS FOR
CONSTRUCTING HYPOTHETICAL
“pilrs FRACTURE NETWORKS

R a) Enhanced Baecher Model, b) Nearest Neighbor ¢} Levy-Lee Fractal Model
BART (Stationary Poisson (Non-Stationary Poisson
Point Process) Point Process)

@) Poisson Rectangle Model f) Non-Planar Zone Model

g) Fractal POCS Model h) Fractal Box Model i) Geostatistical Model

(from Dershowitz et al. 1995)
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84

T

. m.\
@, T
]

w 'A(,;'SMSAMPLING A DISCRETE FRACTURE

NETWORK USING BOREHOLE OR

TRACEPLANE GEOMETRIES SR

\ \ o cSNEERNS ABOUT APPLICATION OF FRACMAN
o Tt 1O CONSTRUCTION OF DISCRETE FRACTURE
s I NETWORKS FOR YUCCA MOUNTAIN
o ]

" (degrees)

——| « Distribution of Fracture Centers by Poissonian or
—] Fractal Approaches

N |« Potential Inability to Handle Interdependent Fracture

Characteristics (“Work Arounds” may exist)

——i. « Program output of Parameters Sets and Images of

Discrete Fracture Networks are “Cludgy”

a) Borehole

« Alternatives to FRACMAN may exist, but the Program
has not yet been used Effectively to Simulate
Fracture Patterns at Yucca Mountain (e.g. Compare
Sweetkind & Williams-Stroud (1996) to Anna (1996)),
so it is not yet Clear that an Alternative is Needed

|
?.
b) Traceplane #

(from Dershowitz et al. 1995)
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REVIEW OF ADEQUACY OF YUCCA
MOUNTAIN SURFACE FRACTURE DATA
DISCRETE FRACTURE NETWORKS

VI.

T &

FOR CONSTRUCTION OF REPRESENTATIVE
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g
@MmDDITIONSICHANGES OF SURFACE DATA T
- 'ABOUT JOINT PATTERNS TO MORE EFFECTIVELY 4
CONTRIBUTE TO CONSTRUCTION OF -
~ DISCRETE FRACTURE NETWORKS FOR MODELLING —t
* Division of Repository into Structural Domains that Contain = w
Consistent Fracture Geometries —1
* Within Domains, Separation of Characteristics such as —t
Fracture Intensity, Connectivity and Size by Sets e
* Within Sets, Identify if Homogeneous or Clustered Fracture S
Distributions Exist. If Clustered, Determine if and how ——pe
Fracture Characteristics Vary Between Inside and -
Outside of Clusters (Joint Zones) ke
. g
i

,,,,,,
o

-

- -
-

~ -

SCHEMATIC EXAMPLE OF DIVIDING A FRACTURE £
CHARACTERISTIC IN A DOMAIN BY SETS TO ‘s
DETERMINE IF VARIATION EXISTS BETWEEN SE

40 - -
30} —
Number of = Setd
Fractures 20}
10+ -
L N
0, 3 6 9 12 1°

Exposed Trace Length (m)

"
7
r'/

5[,;’5"4'7 i
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in Split Wash

¥

- Split Wash “North Fork”

~ 1) General - (comments for 165 joints where 134 are measured and an additional 31 are in closely

spaced joint zones or “swarms” (5 zones — 2 in Tcpmn, 3 in Tcpll) for which single orientation
measurements were taken as part of the 133 orientation measurements.)
 Abutting fractures — Only 10 joints had abutting relations and 4 of those abutted joints

with tracelengths of less than 1 meter (hence, they were not recorded in the scanline data).

Of the remaining 6, 4 abutted with subparallel joints (azimuth differences of less than 10°)
and a 5" one only had an azimuthal difference of 27°. Thus, abutting relationships
along the scanlines do not indicate age differences between sets as defined by
azimuthal modes.

 Joint tracelengths and Terminating joints — Only 8 joints had single fracture tips in the
“window” along the scanline. No joint was doubly tipped along the scanline. So, between
abutments and terminations, only 17 of 165 fractures have one termination in the scanline
“window” (one joint is fully contained in the “window” as it has one abutting end and one
terminating end). Thus, 164 joints cannot have their tracelengths determined. Instead,
“tracelengths” as recorded along the scanline is a function of “window” width, which

commonly was greater than 1 meter wide (centered on the scanline) and locally exceeded .

3 meters. These censored tracelengths cannot be used to reasonably estimate the
tracelength distribution as a function of length or joint orientation.

» Apertures - This parameter was not measured as many joints consisted of single faces,
others involved outer joint walls that may have “loosened”, and the effect of weathering

could not be isolated. These problems are typical with the measurement of aperature from =~

surface exposures of joints.
» Tubercles - 5 joints possessed tubercles (1 in Tccr, 1 in Tepul, 3 in Tepmn), so only 5
joints could be categorically identified as cooling joints. Azimuths for these 5 joints are 015

(Tccer), 135 (Tepul), and 138, 143, 133 (Tcpmn). Thus, the most prominent azimuthal mode -

(135°) in the Tcpul and Tepmn stratigraphic intervals includes cooling joints.
2) Cap rock (Tccr)
¢ Azimuthal mode may not equal joint set - 5 joints in the 155 azimuthal mode are
curviplanar, curved, undulatory or irregular, so this azimuth (set?) is not defined by planar
smooth joints. This azimuth may regresent an “accumulation” of joints from different
causes: cooling, tectonic, unloading, given the morphological variability.
—.4) Tcpmn

* 1 fracture in the 085 azimuthal contains breccia and has several short joints terminating at R

it with acute angles, so it may be a fault or a joint reactivated as a fault.

* Stratigraphically restricted joint zones - 2 joint zones are in “basal” 9 meters of scanline ~—

(51.75 m of scanline in this unit)

* 1 eight-meter-wide joint zone containing a network of nonsystematic interlocking joints with

trace lengths of less than one meter.

-.5) Tepll

azimuthal mode) and joint * (165 azimuthal mode) between 121 and 122. These two
fractures did not display atypical characteristics as compared to other joints in their
azimuthal modes.

1T

PN
A

-~ .\57:") ’//ICB - 7
/\‘94;/ o 5.)2. F 4

e Subhorizontal joints - Encountered 3 subhorizontal joints with irregular traces adjacent to

scanlines, so subhorizontal joints are present in this unit, although recorded in scanline
data set, as the fractures did not cross the scanline.

* Spatially variable intensity - In lower 33 meters of the scanline for this unit (stations Mto |

N, joints 126 to 133), we encountered 4.87 meter of unfractured pavement, a 9.33 meter

interval with short (< 1m) isolated joints in a variety of orientations, no joint swarms, and an -
intensity of only 0.28 m™, so this part of the unit is less intensely fractured than the unitasa___

whole. -

 Live Yucca East and West

| 1) General

2) Tc

* Infiltration experiment sites - Encountered “infiltration experiment sites” at joint 119 (175

* Abutting fractures — Only 6 joints had abutting relations and 4 of these abutted joints with =
trace lengths of less than 1 meter (hence, they were not recorded in the scanline data). Of ...

the remaining 2, 1 abutted a subparallel joint (azimuth difference less than 10°).
« Joint tracelengths and Terminating joints — 11 joints displayed fracture tips in the

scanline “windows” and 3 of these showed double tips. Thus, visible terminations are more -
common in the Live Yucca scanline as compared to the Split Wash North Fork scanline, but

then, the “window size” for the Live Yucca lines consistently exceeded two meters and

- commonly exceeded three meters. Thus, the “windows” for the Live Yucca lines are wider -

and hence, more likely to sample joint terminations for the same population of joint sizes.
The tracelengths of the doubly terminated joints are 2.75 m, 3.08 m, and 2.49 m, and they
are all in the Tcpll.
While the wider “window” at Live Yucca provides a better sample than Split Wash

North Fork for tracelengths, the sample is still severely censored, and cannot be used to
estimate tracelength distribution or joint orientation.
Apertures — as with the Split Wash North Fork scanline

¢ Tubercles — none encountered. Are these features only found in the upper stratigraphic
units of the Tiva Canyon and Topopah Spring Formations (they were separate cooling
units)?

pmn

 Calculated Fracture Intensity — The fracture intensities calculated for the Tcpmn are less
than for the Tcpll along the same scanlines. However, two problems arose with measuring =~
joints in the Tcpmn. First, caliche was noticeably more abundant in the Tcpmn, terminating -
the eastern scanline well below the western scanline, and obscuring joint traces along both

scanlines. Second, both scanlines contained at least one occurrence of a zone about 5

meters wide with joint spacings of less than 25 cm, and the joints are quite curviplanar and -,

anastomosing. Thus, the calculated intensities for this unit should be viewed as a
minimum.

pll

» Subhorizontal Joints — 20 subhorizontal joints (from a total of 119) were encountered in
this unit along the two scanlines, so this attitude of joint is prevalent in the unit.

¢ Joint zones - 2 joint zones connecting between the scanlines and an additional 8 zones
on single scanlines were observed. Their trends (the joints are subvertical) are 155 (5),

165 (3), 175 (2), in terms of azimuthal “bins”. So, they are mostly parallel to most abundant

joint trends in this unit. They added 73 joints to the existing total of 119 for a combined
total of 192.
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— Comparisons A flcnwe 3.13-99

the lower ends. They yield similarity of orientation data (comparison of combined plots versus the

two samples yield comparable results.

Similarity of results for Live Yucca scanlines vs. Split Wash North Fork scanline — In terms
of orientation data, the Tcpmn results are quite different between these locations, but the Tcpll
results are similar. In terms of intensities, the intensities are a factor to 3 or 4 greater along the
Live Yucca scanlines than along the Split Wash North Fork scanline. The Live Yucca scanlines

fault, unlike with the Split Wash North Fork scanline.

.. 1) Similarity of results for two Live Yucca scanlines — The two scanlines are only 9.23 m apart at -

—  plot for only Live Yucca East), and at least two joint zones or swarms could be traced between the”
two scanlines. Thus, at the scale of abouts10 m without the close proximity of a fault (<10 m), the —

are within 20 meters of the Ghost Dance fault and do display joint trends that are subparallelto  ~—
the fault. Perhaps, they record the intensification of north-south trending joints in proximity to the

121

pavement is in the Tcpul, unlike the two scanlines, which are in the underlying Tcpmn and Tepll.

Similarity of results for Live Yucca scanlines vs. P100 pavement — Stratigraphically, the P100__

Thus, this comparison is made on the basis of geographic proximity and not stratigraphic

Yucca Mt. The pavement contains at least 40 joints with tubercles, whereas none were observed

equivalency. The two locations appear to record entirely different elements of the joint patternat ...

along either scanline. The prominent trends on the pavement center on 30° and 140°, whereas
they cluster around 165° along the scanlines. The pavement has a smaller fracture intensity
despite using the smaller truncation limit (0.2 m vs. 1.0 m for the scanlines). While tracelengths

cannot be compared directly, the tracelength distribution for the pavement indicates that fracture
joint pattern is absent along the scanlines, their enhanced fracture intensity is a function of
similarity in their joint patterns.

Similarity of results to 3 nearby “selective inventory” stations (Throckmorton & Verbeek,
1995, USGS OFR 95-2) — Of the 41 stations in their investigation, three are located in Split Wash -

(CH4 and CHS5, which are in the Tcpln, the unit under the Tcpll of the scanlines; and CUL7, which _
is in the Tepul). Joint spacings are not rigorously recorded by selective inventory, so only

intensity is dominantly a function of the cooling joints, trending about 30°. As this element of the -

noncooling (tectonic?) joints. Thus, the Live Yucca scanlines and the P100 pavement share litle ~

75 //é/& e 2
r

o Py
1377

It should be noted that the scanlines sample 318 m of exposed rock in the 4 sfgt%g?aphic units

(two model layers) as compared to about 550 m of detailed survey line (DSL - same approach ag -~

our scanline methodology) in the ESF (not including South Portal) and 33 “selective inventory”

samp{e site:s, which are distributed over about 60 km?. So, sample sizes are comparable.
Orientation comparison (caveat — do the global descriptors developed for LBNL by Sweetkind -

et al. Usefully handle horizontal or vertical flow anisotropy or spatial heterogeneity in conduit
frequentcy?) -

(a) tew11 (Tgcr, Tepul) - surface data only - Cooling joint sets strike of 050, 092 and 132.
Tegtomc joint sets strike 007 and 155. Cumulative intensity for all setsis 0.5t0 2 m™. In
Split Wash North Fork, the approximate equivalents of 132 and 155 were seen, and

perhaps 050, although cooling joint age was not proven. Intensities of 0.8 and 1.25 fall in
the range of 0.5 to 2.

(b) Tew12 (Tcpmn, Tepul, Tepln (not seen)) — surface data only — Cooling joint sets strike 131, _
014 and 085, whereas tectonic joints strike 004 and 155, Cumulative intensity for all sets is

0.33to2m™. The 131 trend is recorded in Split Wash North Fork, and the 155 trend is
observed on all scanlines.

range of 0.5 to 2.

Intensities of 0.98, 1.11, 2.81 and 3.98 fall partially outside the ... '

orientations may be compared between these stations and the scanlines. CH4 and CH5
(approximately 120 m to E in FW of Ghost Dance Fault) contain no cooling joints and have

prominent tectonic joint orientations at 008°, 158°, and 035°. The, 158° joints are so poorly

developed that spacing could not be estimated. Thus, these trends do not correspond the results
of the nearby Live Yucca scanlines. Nor do they match orientations seen in the Tcpll or Tcpmn for

the Split Wash North Fork scanline. CUL7 contains only cooling joints, which trend 055° and 135°.

Thus, this station contains the two cooling joint orientations sampled by Barton at Pavement 100
and Pavement 300, and the 135° trend was observed in Split Wash North Fork.

Similarity of results for all scanlines and fracture characteristics used for LBNL UZ Hydro

provide the investigators using the LBNL three-dimensional unsaturated zone groundwater flow
model with the parameters that they requested for purposes of including fractures in their model.

Sweetkind et al. (1997) reported these parameters for each of the stratigraphic model layers, plus ...
provided full orientation data for the most prominent sets. The two model layers that are
comparable to the results from the scanlines are: tew11 (Tccr and Tcpul), and the twe12 (Tepmn, ™

tewe.  TCpll, and Tcpin (not sampled by scanlines)).

model (Sweetkind et al., 1997) — The purpose of the USGS 1997 fracture report was to formally -~

They specifically needed fracture spacing (the inverse of intensity) and dip spectra for their model.—""
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Intensity Calculations for Split Wash Scanlines
Scanline Strat Unit Scanline Length (m) Covered Length (m)  "Uncovered Length" Number of Fractures (n) Terzaghi-corrected n*  Intensity (WD~ "Uncovered" Intensity (n/L)** Intensity Comparisons
SW caprock 57.84 17.77 40.07 26 32 0.55 0.80 0.5t02, 1,587
SwW Teput 67.9 27.89 40.01 31 50 0.74 1.25 (2.13)», (0.5t02,1,5.8)*
SW Tepmn 51.75 . 5.6 46.15 16 0.66 0.74 (.3310 2,0.69, 7.3)M4
Tepmn
SW Tepll 150.6 62.33 88.27 (3310 2, 0.69, 7.3)M4
Tepll
LY Tepmn 27.52 5.49 (.33 to0 2, 0.69, 7.3)A
"Tepmn
LY Teplt 81.81 0 (.33 10 2, 0.69, 7.3)A14
Tcpll
“this number comes from summing s in Terzaghi corrected rose diagrams, which are rounded values - so this value is an ..mm~m3m~m=,.
but this value is still the one used for the intensity calculations i
~ units for intensity are ragter -1 independent of whether using scanline (number of joints/scanline length) or trace map data {total joint tracelength/area of map) data
~ncovered Intensity” uses (Scaniine length - Covered Scanline length) as line length for the denominator in the calculation
WiThese "intensity values” are spots on lines, so they offer no direct insight into tracelength distributions for these joints
<y~ The shaded cell include additional fractures from joint zones or swarms that were encountered, but did not have their orientations measured. Including these join{s does mean
S that all joints with tracelengths of over 1 meter are included in the intensity calculation, but the calculation increases the magnitude of this "average" value for the whole unit

& NN
—
Barton’s pavements 100 with a correction

C M MSweetkind et al., 1897, intensities inverted from spacings for tew11 layer (Teer and Teput in combination) of LBNL model, for respectively,
AaSweetkind et al, 1997, intensiti

W//
N

2
b
~—

with locally concentrated contributions to the.sample. A spatial homogeneity problem!

to a cutoff length of 1m (pavement was done with cutoff of 0.2m), 2.35 - 0.22 (46.6m of tracelength for 214 sq. m.) = 213.

Enhanced intensity with respect to Spiit Wash scanline could be artifact of the pavement sampling the NE-trending cooling joints, which are not observed along the scanline
in the Tepul.
surface data, ESF and boreholes (table 2, page 24)

of LBNL model, for respectively, surface data, ESF and boreholes {table 3, page 27)

inverted from spacings for tew12 layer (Tepmn, Tepll, Tepln (not seen in this study))
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L|ve Yucca West and East

(Scanline trends: west - 205, east - 211)

| @w
w M ”

Uncorrected

Terzaghi Corrected

55 (11)
165 (12)
175 (14)

Tepl!

155 (54)
165 (56)

- Trace Length

1 =2.23m"

)/)//

| Orientation

n=192

" L=4765m -

180

126

;i;_itPavement 100 Rose Diagrams
ﬂQnentatlon vS. Trace Length
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Data for Orientation Rose Diagram at P100

Degree # of Joints

0
10
20
30
40
50
60
70
80
90

100
110

120

130

140
150

160

170

180
190

200

210
220

230

240

250
260

270

280

290
300

310

320

—t

330
340

350

12

6.3%
3.1%
10.9%
10.4%
10.4%
6.3%
1.6%
3.1%
3.1%
1.6%
1.6%
2.1%
4.2%
6.8%
7.8%
8.3%
5.7%
6.8%
6.3%
3.1%
10.9%
10.4%
10.4%
6.3%
1.6%
3.1%
3.1%
1.6%
1.6%
2.1%
4.2%
6.8%
7.8%
8.3%
5.7%
6.8%

s
Total # of Joints - 192.0

Data for Rose Diagram about Trace Length at P100

Degree Tracelength (meters)

0
10
20
30
40

60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290

300

310

320
330

340

350

22.2

15.3 -

28.9
107.7

1117
50 °

15.1
4.4
5.8
8.4
6.1
7.5
7.5

16.4

234

23.8

30.9

19.7

21.8
22.2
15.3
28.9
107.7
111.7

15.1
4.4
5.8
8.4
6.1
7.5
7.5

16.4
23.4
23.8
30.9
19.7
21.8

4.7%
3.2%
6.1%
22.6%
23.4%
3.2%
0.9%
1.2%
1.8%
1.3%
1.6%
1.6%
3.4%
4.9%
5.0%
6.5%
4.1%
4.6%
4.7%
3.2%
6.1%
22.6%
23.4%
3.2%
0.9%
1.2%
1.8%
1.3%
1.6%
1.6%
3.4%
4.9%
5.0%
6.5%
4.1%
4.6%

31377

total tracelength= 476.5
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I have reviewed this scientific notebook and find it in compliance with QAP-001. There is sufficient information
regarding procedures used for conducting tests, acquiring, and analyzing data so that another qualified individual

could repeat the activity.
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Scientific Notebook # 181 has been used exclusively for NRC tasks. There have been no work on
~ NRC tasks related to field work over the last 41 months or the tasks are such that documentation in a
— scientific notebook is not required (non technical activities). Thus there are no e

. for the last six month period.. Ther
_in this notebook. This notebook should be archived.
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H. Lawrence McKague

g / '2/6// o3

_ Date 11/25/03

ntries in this notebook

e are currently no field activities anticipated that would be recorded ™






