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ABSTRACT 

Microcracks in a sample of quartz monzonite from the Spent Fuel Test-Climax 

were measured by means of a scanning electron microscope in order to estimate the 

background level of damage near the borehole-wall. It appears that the hammer-drilling 

operation used to create the borehole has caused some microfracturing in a region 10 to 

30 mm wide around the borehole. Beyond 30 mm, the level of microfracturing cannot be 

distinguished from background. 

INTRODUCTION 

Heat and fluid transport properties of the rock are important in long-term 

subsurface storage of nuclear fuel. Since these and the mechanical strength are usually a 

result of changes in microcrack and crack structure, it is desirable to measure the 

structure directly and attempt to quantify it. This study is one of several laboratory 

studies undertaken to assist in the interpretation of field test results from the Spent Fuel 

Test-Climax (SFT-C) at Nevada Test Site (Rarnspott et al. 1979). It is intended to 

provide a measure of the background or reference level of damage in the vicinity of the 

hammer-drilled boreholes in which the waste canisters are stored, so that the later 

effects of heat, radiation, etc., may be more clearly defined. A particular aim of this 

study is to determine the effect which hammer-drilling has had on the reference damage 

level. 
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EXPERIMENTAL WORK 

Sampie Preparation and Microscopy. 

The rock studied comes from the quartz monzonite portion of the Climax stock at 

NTS. Izett (1960) has described its mineralogy and petrology. Starting material came 

from core HDD-2 which had been drilled tangent to waste canister borehole CEH-I8, 

(610 mm diameter), so that part of the core surface was the original borehole surface. 

The borehole was located at Station 1 + 22.89 m from the bottom of the shaft U15-01, and 

the top of the borehole collar was located at 1117.7 m above mean sea level. The core 

was 1*0 mm diameter x 5.02 m length. The surfaces examined in this study lay in a single 

horizontal plane located roughly 20 mm from the bottom end of the 5.02 m-long core. 

Individual sections intended for scanning electron microscope (SEM) observation, were 

cored at the locations shown in Fig. J. The sections were marked to orient them with 

respect to the location of the original borehole. The sections were cut on a diamond saw 

to a thickness of 5 mm, and approximately 1 mm was rough ground from the face of 

interest in order to remove cutting damage. They were then polished with abrasive paper 

and finished with 2-um alumina on a cloth lap. The polished surfaces were next ion-milled 

in order to remove the thin layer which had been smeared and damaged by the polishing 

procedure. After ion milling, samples w.sre coated with . thin layer of carbon by 

high-vacuum' evaporation, to increase surface conductivity and prevent static charge 

accumulation under electron bombardment in the SEM. 

2Qk6x 
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The SEM used was an AMR 1000 equipped with a Kevex Micro-X 7000 analytical 

spectrometer used for identification of the mineral phases. The SEM was operated in the 

backscattered (reflected) electron mode; the electron beam accelerating potential was 20 

keV, working distance 12 mm, and sample t i l t 30 deg. Micrographs were taker; at a 

magnification of 500 X + 10% at preselected locations along traces which were parallel to 

the wall of the original borehole (Fig. 1). Eight to nine usable micrographs resulted from 

each scan and two scans were made for each section. Starting points were at least 1 mm 

from the section edge, and the 2 mm intervals were maintained str ict ly from stage 

control vernier settings. Two micrographs were made at each location, one for crack 

measurements, and the other to record the mineral phases. The crack images on the 

micrographs constitute the raw data for the study. 

Fracture Measurement. 

For at least as long as the SEM has been used to study the physical appearance of 

rock surfaces (Brace et a l . , 1972) the term "crack" has been used to describe the 

non-equant physical discontinuity one observes on almost any rock surface. (The more 

equant discontinuity is called a "pore"). The same terminology is used in this paper-

The crack measurement procedure consisted of three steps: 

(1) Operator discrimin^.ion of fresh cracks; 

(2) Digitization of the discriminated crack pattern; 

(3) Numerical analysis of the digitized image. 

20«x 
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The first step required some subjective operator decisions to discriminate 

pre-existing cracks from "fresh" cracks introduced by operations associated with 5FT-C. 

Fig. 2 shows some typical SEM micrographs. A crack was usually judged on the basis of 

physical appearance: a sharply defined edge and pieces which fit together marked an 

obvious fresh crack; a crack which intersected many pores and had a varying width along 

its trace or which was partially filled with material fixed to the crack walls was obviously 

pre-existing. A full spectrum of cracks existed, grading from obviously fresh to obviously 

pre-existing. The fresh vs. old decision was made exclusively by one of us (WBD) and as 

much effort as possible was made to shield the data from being systematically affected 

by day-to-day variations in mental attitude. In particular, when the operator 

measurements were made (see below), the identity of the micrographs was masked and 

the order of measurement was randomized by shuffling the micrographs. 

Step (2) was accomplished by making pencil tracings of the fresh cracks on 

transparent, matte-finish overlays, one micrograph at a time, then photocopying the 

overlays on white paper to produce an unambiguous black on white image of the cracks. 

The photocopied image was then digitized and analyzed with a Quantimet 700 image 

analyzer. By an operator-invoked convention within the image analyzer, two intersecting 

cracks were counted as two cracks. Output from the image analyzer consisted of a list of 

cracks along with their areas, perimeters, and Locations. Since all cracks had been forced 

to have the same width (the width o:f a pencil trace), the area and perimeter information 

were combined to give a single parameter, length. 

Step (3) was a simple matter of transferring the image analyzer lists to a computer, 

combining the lists into one large table, and deriving the desired information from the 

large table. Extensive use was made of the Livermore Time Sharing System data 

Management program FRAMIS (Jones et ai,, 1981). 

20U6x 
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RESULTS 

Six hundred seventy-four fresh cracks were measured in 88 micrographs taken of 

the 6 SEM samples. From the length and location data tabulated by the image analyzer, 

the following parameters were extracted and plotted as a function of radial distance from 

the axis of the 610 mm borehole; 

A = average length of individual cracks in each section (Fig. 3; Table 1) 

n i average number of cracks per unit area for each section (Fig. it; Table 2) 

1- = average total crack length per unit area for each section (Fig. 5,' Table 3) 

ln(£)=the average of the logarithm of the length of individual cracks for each 

section (Figs. 6; Table k) 

The data of Figs. 4 and 5 reveal a clear dependence of the parameter n upon which 

operator took the SEM micrographs. For this reason, all data and parameters derived 

therefrom are retained in two sets (Set 1:WBD; Set 2:HCW). It is unlikely that the bias 

was generated during the crack measurement step because, as indicated above, the 

micrographs were shuffled, masked as to their identity, and measured by only one of the 

authors. It is also unlikely that the effect really exists in the rock samples. The 

remaining possibility is that there was a difference in operating conditions of the SEM at 

the times when the two sets of micrographs were taken. Statistical analysis by means of 

prcbability plots (Wilk and Gnanadesikan, 1968) shows that the average crack length (S.) is 

log-normally distributed for each set considered separately {Figs- 7(a), (b)>. Analysis also 

shows that n is not normally or log-normally distributed. The distributions for n and for 

L were not identified since the results for InW appeared to provide an adequate 

2046x 
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description of the trends in the data. Tables 1 to 3 do not give standard deviations for S., 

n, and L since these could not be calculated without either knowing or else assuming the 

form of the distribution functions. Further analysis of ln(£) shows that the Set J and the 

Set 2 data pertaining to section 2 sample the same crack population. The same situation 

exists for section 6, but not for section 3. Section 3 shows a significantly smaller mean 

and standard deviation for Set 1 than for Set 2. This may be due to a change in the 

distribution function along the two traces in section 3. There were insufficient data for a 

similar analysis on section * . 

DISCUSSION 

A consistent trend in Figs. 3 to 6 is that sections I and 2 U0±3 mm from the 

borehole wall) have more and longer cracks than the others. Results for the other 

sections are less clear for Set 1, but for Set 2 the general trend is toward lower values for 

al l the parameters with increasing distance from the borehole wal l . Figure 8 dispels the 

likelihood that the cracks formed as a result of perturbation of the m situ stress field by 

the presence of the 610-mm borehole. The elastic solution (R. Thorpe, 1982) shows that 

tensional stresses do not exceed i MPa and that stress differences never exceed a few 

MPa. Also, cracks were probably not caused by the coring operation on the 140-mm core 

since section 5, which intersects the outer diameter of the core, shows generally lower 

parameter values than sections 1 and 2. Therefore, the hammer-drilling operation 

remains as the probable cause of the high values of the crack parameters observed in 

sections 1 =and 2. 

2GWx 
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No measure was made in this study of the background number and length of "fresh" 

cracks at locations far removed from the hammer-drilled borehole, but experience from 

other studies of cores of the same rock (Durham, 1982) indicates that one always seems to 

identify a few, generally short, fresh cracks even in starting material. The observations 

from sections 3-6 fall in the same qualitative category so those sections cannot at this 

point be differentiated from starting material. One reason, in fact, that the precision is 

poor in these data is simply that there are not many cracks to be seen- The random 

appearance or disappearance of one crack in a 500X micrograph is typically a 20-50* 

perturbation of the number observed. Meaningful improvement in the level of precision 

would require significantly more data, roughly 10 times the current amount. 

CONCLUSIONS 

The hammer-drilling process used at SFT-C to bore the 6J0-mm canister holes has 

caused some microfracturing to occur in a shell 10-30 mm wide around the borehole. 

Beyond 30 mm, the level of microfracturing in the rock is not distinguishable from 

background. Any significant improvement in the precision of these measurements using 

the current techniques would require a substantial additional effort. 
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Table 1. Average Crack Length (£) vs. Distance from Center of the 

Borehole (R) 

Section No. R, mm 

1 310 

2 309 

3 368 

U "20 

5 368 

6 33* 

Set 1 Set 2 

4,pm i,\jm 

35 

27 29 

11 24 

23 10 

26 

18 22 

20*6x 
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Table 2. Average Number of Cracks/Unit Area (n) vs. Distance from 

Center of the Borehole (R) 

Section No. R, mm 

1 310 

2 309 

3 368 

4 <*20 

5 363 

6 33** 

Set I 

n/mm^ 

1S1 

105 

168 

87 

5et 2 

n/mm 

143 

96 

63 

39 

85 

54 

2046x 
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Table 3. Average Crack Length/Unit Area (L) vs. Distance from 

Center of the Borehole (R) 

Section No. R, mm 

1 310 

2 309 

3 368 

t « 0 

5 368 

6 33t 

;t 1 Set 2 
2 

un/mrn L,im/.nm 

-— 5010 

4930 3070 

1130 1690 

3890 560 

2250 

1730 li*30 

2046X 
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Table 4. Average of the Natural Logarithm of the Crack Length (ln(W) vs. 

Distance from Center of the Borehole (R) 

5et J 5et 2 

Section No. R» mm ln(&) S.D. S.E. 

1 3 JO — 

2 309 

3 368 

4 420 

5 368 

6 334 2.653 .823 .153 

2.917 .865 .106 

2.298 .403 .068 

2.859 .777 .104 

S.E. = Standard Error = Standard Devia t ion / /^ 

N = No. of cracks in each section 

InU) S.O. S.E. 

3.168 .987 .102 

2.908 1.046 .184 

2.958 .787 .172 

2.444 .649 .180 

2.960 .788 .123 

2.647 .977 .230 

2046x 
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SCANNING TRACE SAWCUT 

/ " - \ ADRIFT 
O b - C O R E 

-BOREHOLE 

Fig. I. Sample locations in the 140-mm core. 
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Illustrative example of the identification of cracks as "fresh" or "old". Figs. 

2(a) and 2(b), SEM micrographs from Set. 1. Figs. 2(c) and 2(d), tracings, on 

the same scale as 2(a) and 2(b), of cracks considered fresh. Old cracks have 

characteristic irregular edges which do not match each other well (buch as 

those labeled A in 2(a), (b)), or h?ve bridges of healing material and rounded 

tips (such as those labeled B). In Fig. 2(a), the lighter phase at the 

right-hand side is plagioclase and the remaining darker phase is quartz. In 

Fig. 2(b) the lighter phase in the lower lef t is orthoclase and the darker 

phase is piagiochlase. The bar represents a length of 100 )rn. 
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FiR. 2(b) 

i 

F i g . 2(d) 
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Fig. 4. Crack density vs. radius. 
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Fig. 7(a). Probability plot, Set 1, Sections 2-4, 6. 
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Fig. 7(b). Probability plot, Set 2, Sections 1-6. 
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Fig- 8. Calculated stress vs. radius. 


