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Summary 
 

 

The first Forsmark potential repository site borehole KFM 01A provided core from 
101.8 to 1000.7 m depth. This was independently Q-logged by NB&A during a two-day 
period (19th–20th February, 2003), without access to BORMAP results or regional 
jointing frequencies or orientations. The Q-logging was intended to be an independent 
check for subsequent BORMAP-derived Q-parameter estimation. 

The Q-logging was accomplished using the manually-recorded ‘histogram method’ 
which allows the logger to enter Q-parameter ranges and depths directly into the 
appropriate histograms, which facilitates subsequent data processing using Excel 
spreadsheets. Successive pairs of core boxes, which contain an average of 11 meters of 
core in ten rows, were the source of ten opinions of each of the six Q-parameters, giving 
a total of 4920 recordings of Q-parameter values for the 164 core boxes. 

Data processing was divided into several parts, with successively increasing detail. The 
report therefore contains Q-histograms for the whole core, for four identified fracture(d) 
zones combined as if one unit, and then for the whole core minus these fracture(d) 
zones. This background rock mass quality is subsequently divided into nine depth zones 
or slices, and trends of variation with depth are tabulated. The four identified fracture(d) 
zones, which are actually of reasonable quality, are also analysed separately, and 
similarities and subtle differences are discerned between them. 

The overall quality of this first core is very good to excellent, with Q(mean) of 48.4, 
and a most frequent Q-value of 100. The range of quality is from 2.1 to 2130, which is 
the complete upper half of the six order of magnitude Q scale. Even the relatively 
fracture(d) zones, representing some 13% of the 900 m cored, have a combined 
Q(mean) of 13.9 and a range of quality of 2.1 to 150. 
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Appendix A 1. Nine hand-filled Q-histogram logging sheets containing the raw  35 
 data from which subsequent EXCEL calculations were performed. 

 2. One hand-filled Q-histogram of numbers-of-observations for  
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1 Introduction 

 

The writer performed Q-logging of 900 m of core from the first site characterization 
borehole KFM 01A on 19th and 20th February. This work was requested by Rolf 
Christiansson, for the purpose of supplementing the more detailed BORMAP geological 
logging. 

It is intended that this Q-logging can provide an independent check of BORMAP-
derived Q-parameter data, which is under preparation following geological logging of 
this first deep borehole-core. 
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2 Q-logging methodology 

 

It was the intention of SKB that this Q-logging should be of an ‘overview’ character. 
For this reason time was limited, and the 900 m approx. of core (from 101.8 to 
1001.7 m depth) was Q-logged using the ‘histogram method’ /Barton et al, 1992/. 
The 900 m was logged in about 12 hours. 

The procedure used was to log two core boxes at a time. Due to the 1.1 m approx. 
length of the boxes, there were a total of 82 pairs of core boxes, giving close to 11 m 
of core on average. 

The Q-histogram logging method, described recently in some detail by /Barton, 2002/, 
consists of making estimates of the variability of each of the six Q-parameters. Each of 
the Q-parameters are defined, and complete ratings listed, in Appendix B at the end of 
this report.  

For each pair of core boxes, imagining there was the normal 1.0 m of core length,  
a total of 10 opinions were recorded concerning the visible variability of each of the the 
six Q-parameters. In many cases, such as RQD = 100% in excellent rock, there was of 
course little variation, and logging could proceed much faster. In Appendix A, scanned 
copies of the nine hand-filled Q-histogram logging sheets will be found. These will 
be seen to contain numerous entries 111111, 22222, 666, 777, 999999 etc. in the 
appropriate boxes. Each number, from 1 through 9, is related to a specific core depth, 
as listed in the left margin of each sheet. Each number is also placed in the Q-parameter 
box appropriate to the observed/estimated quality (or lack of quality, as the case may 
be). For 900 m of core, with 10 opinions of each of the six Q-parameters, there were a 
resulting total of 10 x 6 x 82 or nearly five thousand Q-parameter estimates. 

The result is overall histograms of variability (or similarity, at deeper levels in the rock 
mass) plus the depth-related variability from which depth logs can be extracted if 
desired.  

It will be noted that there are several footnotes written beneath most of the scanned 
logging sheets. Of particular importance is to note the assumption of a ‘residual’ one 
joint set plus random (Jn = 3) even for massive sections of core, due to the reasonable 
assumption of biased sampling (or lack of sampling) of a presumed predominant sub-
vertical NW-SE trending set of joints. This assumption is carried through until the depth 
is reached that no more joints of any orientation are encountered in the core. 

Comparison of logging sheets 8 and 9 show the dramatic improvement in the assumed 
‘joint-free’ Q-value for the depth interval 884 to 1001 m (approx.), assuming that this 
assumption is valid.  

In view of the present uncertainty caused by vertical hole orientation, there are three 
important question marks written next to Jn, Jr and Ja on this final depth interval. Each 
of these parameters are involved when ‘achieving’ the best possible Q-quality of 2130 
for unjointed, massive rock. These are irrelevant under 3D confinement, prior to 
excavation, i.e. irrelevant for the presently reported characterization. 
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Emphasis here has been to characterize the overall variability of the rock mass, 
especially of the different joint sets, as opposed to a specific tunnel-related 
classification for estimating rock reinforcement and support needs. In the latter, 
the least favourable Jr /Ja ratio is considered, together with the tangential stress effect 
of the tunnel. The term SRF is evaluated considering the ratio σc/σ1 when support 
design is the objective. When excavations are considered at this depth, there may be 
a significant reduction in Q-value to the Q-classification value, due to low potential 
σc/σ1 ratios and elevated SRF values. 

The final purpose of the characterization performed, is to apply empirical linkages 
between Q-values (more specifically Qc values) and engineering parameters such as 
deformation modulus, cohesion, friction and uniaxial rock mass strengths – to the extent 
that these ‘continuum’ concepts apply. 
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3 Examples of joint character 

 

A by-product of the logging was the recording of joint roughness traces for 
representative examples of each joint set. For present purposes, prior to obtaining joint 
orientation data, the jointing was categorised into three classes, namely ‘sub-horizontal’, 
‘+/– 45º dip’, and ‘steeply dipping’ (including occasional sub-vertical joints that are 
poorly sampled). 

Physical examples of joint roughness numbers Jr equal to 1.5 and 2 (the most commonly 
observed) are given in Figure 3-1. These are also examples of ‘+/– 45º dip’ and ‘steeply 
dipping’ joints respectively.  

Figure 3-2 shows a typical Jr = 3 joint, which were commonly of ‘steeply dipping’ 
orientation. This figure also shows a discontinuity with a thin over-consolidated filling 
(Ja= 4), and joint wall roughness Jr of 1.0 to 1.5, in the ‘+/– 45º dip’ orientation class. 
This example is from the fourth identified fracture(d) zone, termed FZ 4 here, which 
extends from roughly 651 to 683 m depth, judging from reduced Q-parameter qualities 
in this region of the hole. 

Beneath several of the scanned logging sheets (Nos. 5, 7, 8 and 9 in Appendix A) 
another footnote will be seen concerning the Q-logging instruction to compensate 
(increase) the effective frictional strength of the rock mass for the case of widely spaced 
joints. Appendix B, Table 3 Joint Roughness, shows the empirically-derived instruction 
to increase by 1.0 the Jr value of the relevant joint set, if its average spacing is greater 
than 3 m.  

This adjustment is applied later, when the Q-values of specific 100 m intervals are 
analysed. Its minor effects are demonstrated, with some improvement in Qmean and 
sometimes also some improvement in Qtypical minimum.  
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Figure 3-1.  a) Example of joint roughness Jr = 1.5 and b) Jr = 2 (the most frequent), 
and of ‘+/– 45º dip’ and ‘steeply dipping’ joints. 
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Figure 3-2.  a) Example of joint roughness Jr = 3 (typical of ‘steep dipping’ 
joints) and b) of Jr = 1.0 to 1.5 in the case of a thinly filled discontinuity  
(with Ja = 4). The latter is from the fourth identified fracture(d) zone, 
 termed FZ 4 here. 
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4 Overall quality of KFM 01A 

 

The first procedure of Q-histogram analysis was to count all recordings of quality, 
including those of obvious fracture(d) zones, and produce Q-parameter histograms for 
the complete 900 m of core to 1000.7 m depth. The result is shown in Figure 4-1. 

As expected, the most frequent quality is very good to exceptionally good with  
(Qmost frequent) = 100. The weighted mean (weighted downwards by four distinct 
fracture(d) zones) shows Qmean = 48.4 (also described as very good). Typical minimum 
and maximum values range from about 2.1 to 2130 – poor to exceptionally good. 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 75 / 9,0 * 1,5 / 4,0 * 0,66 / 1,0 = 2,063
Q (typical max)= 100 / 0,5 * 4,0 / 0,8 * 1,00 / 0,5 = 2133,3
Q (mean value)= 97 / 3,9 * 2,1 / 1,7 * 0,95 / 0,6 = 48,37
Q (most frequent)= 100 / 3,0 * 1,5 / 1,0 * 1,00 / 0,5 = 100,00

Rev. Report No. Figure No.

SKB FORSMARK  NB&A 3
Borehole No. : Drawn by Date

KFM 01:  overall quality of whole core, from 101.8 to KFM 01A nrb
Depth zone (m) Checked

1000.7m depth. (includes 4 possible fracture zones) 101.8 - 1000.7 nrb
Logg 1,0 Approved

## 24th March 2003
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Figure 4-1.  Q-parameter histograms for the complete KFM 01A core, from 101.8 to 
1000.7 m depth. 
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5 Character of fracture(d) zones 

 

Inspection of the character and distribution of individual Q-parameters – particularly 
lower-valued ‘tails’ of RQD, and higher-valued ‘tails’ of Jn and Ja – give a strong 
indication of fractured zones, which subsequently may receive the tentative notation 
fracture zone. The Q-parameter histograms for these zones show lower quality tails in 
the distribution that all trend to the left. Higher qualities trend only to the right. There 
are both skewed distributions (e.g. RQD = 100% dominating), and more normal 
distributions (i.e. Jn = 2 to 4 dominating). 

In the present report we have identified four zones of noticeably increased fracturing, 
where presumably both the BORMAP geologists and the Q-logger had to take more 
time due to all the details of jointing and fracturing to be recorded. The present 
Q-parameter based identification, which is entirely independent of the geological 
logging assessment (whose result is unknown to the undersigned), is as follows : 

FZ 1 depth 166 to 199 m (approx.) sheet 1, ref. 7,8,9 Appendix A 

FZ 2 depth 265 to 297 m (approx.) sheet 2, ref. 7,8,9 Appendix A 

FZ 3 depth 385 to 407 m (approx.) sheet 3, ref. 9 Appendix A 

  sheet 4, ref. 1 Appendix A 

FZ 4  depth 651 to 683 m (approx.) sheet 6, ref. 7,8,9 Appendix A 

These have first been assembled as a typical ‘unit’ (combining the characteristics of 
all four zones) prior to individual histogram representation, which obviously is more 
correct. The preliminary combined result is shown in Figure 5-1. 

The summary statistic of the combined FZ zones is as follows, giving immediately the 
(correct) impression that the rock mass quality is actually quite reasonable as jointed 
rock goes, but of distinctly lesser quality than the extremely good quality of the 
remainder. It is this contrast that is noticeable, not poor quality per se. 

Qmost frequent = 33.3 (good) 

Qmean = 13.9 (good) 

Qtyp. min. = 2.1 (poor) 

Qtyp. max. = 150 (extremely good) 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 75 / 9,0 * 1,5 / 4,0 * 0,66 / 1,0 = 2,063
Q (typical max)= 100 / 4,0 * 3,0 / 1,0 * 1,00 / 0,5 = 150,0
Q (mean value)= 90 / 6,3 * 2,0 / 2,4 * 0,88 / 0,8 = 13,87
Q (most frequent)= 100 / 6,0 * 2,0 / 1,0 * 1,00 / 1,0 = 33,33

Rev. Report No. Figure No.
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Borehole No. : Drawn by Date

KFM 01A drill core. Overall quality of four identified KFM 01A nrb
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Logg 1,0 Approved
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Figure 5-1.  Q-parameter histograms for the four identified fracture(d) zones. 
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6 Character of KFM 01A minus  
fracture(d) zones 

 

By counting overall Q-parameter observation totals (10 x 6 x 82 = 4920 recorded 
numbers in Appendix A) and subtracting the eleven ‘lines’ of fracture(d) zone 
recordings listed above (giving 10 x 6 x 11 = 660 observations) we obtain the 
‘net result’ for rock mass minus fracture(d) zones. The above numbers suggest that 
about 660/4920 x 100 = 13.4% is significantly fractured, as measured in a down-hole 
direction. If, as may be assumed, some of the zones have significant dip angles, 
then this percentage would be reduced with respect to perpendicular measurement. 

The ‘net rock mass’ result is shown in Figure 6-1, and clearly demonstrates the 
excellent general quality. The following Q statistics can be noted: 

Qmost frequent = 100 (very to extremely good) 

Qmean = 60.4 (very good) 

Qtyp. min. = 2.3 (poor) 

Qtyp. max. = 2130 (exceptionally good) 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 85 / 9,0 * 1,5 / 4,0 * 0,66 / 1,0 = 2,338
Q (typical max)= 100 / 0,5 * 4,0 / 0,8 * 1,00 / 0,5 = 2133,3
Q (mean value)= 99 / 3,6 * 2,1 / 1,6 * 0,96 / 0,6 = 60,38
Q (most frequent)= 100 / 3,0 * 1,5 / 1,0 * 1,00 / 0,5 = 100,00

Rev. Report No. Figure No.
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Borehole No. : Drawn by Date
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Logg 1,0 Approved
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Figure 6-1.  Q-parameter histograms for the ‘average’ rock mass, with the four 
fracture(d) zones excluded. 
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7 Individual character of fracture(d) zones 

 

As suggested earlier, it is artificial to combine four fracture(d) zones as in Section 5. In 
this next section we therefore investigate possible differences in character, which may 
be useful when subsequent deep boreholes are compared and ‘cross-correlated’ – if this 
proves possible. Figures 7-1, 7-2, 7-3 and 7-4 show individual Q-parameter histograms 
of the presently identified fracture(d) zones FZ 1, FZ 2, FZ 3 and FZ 4.  

Two photographic examples of these fracture(d) zones, taken from FZ 1 and FZ 4 are 
shown in Figure 7-5. (We saw a detail of thinly filled discontinuities, also from FZ 4, in 
Figure 3-2b). A fairly rare occurrence of an intersected sub-vertical joint is also seen in 
Figure 7-5, from FZ 1. 

There are in fact some similarities between the fracture(d) zones, and some distinct 
differences. Firstly, FZ 1 and FZ 2 have similar RQD ‘tails’, (or skewed distributions) 
with mostly RQD = 100%. They have Ja ‘tails’ (or skewed distributions) representing 
relatively few clay-coatings and thin fillings, that are also similar, with ‘unaltered’ joint 
walls (Ja = 1) as the most common condition. 

Turning to FZ 3 and FZ 4, we see a more ‘normal’ type of RQD distribution, with 75, 
85 or 95% more common than 100%. There is a correspondingly greater tendency for 
three joint sets plus random (Jn = 12). There is also a greater relative proportion of clay 
coatings and thin fillings (Ja = 4). Possibly because of their greater depth, FZ 3 and FZ 4 
nevertheless have highest Qtyp. max. values and highest Qmean values. By chance, identical 
Qmean values of 18.97 are seen in FZ 3 and FZ 4, almost twice as high as in the case of 
FZ 1 (Qmean = 10.9) and FZ 2 (Qmean = 11.5). 

Table 7-1.  Q-statistics for four fracture(d) zones identified from Q-parameter 
changes. 

Fracture(d) zone Qmost frequent Qmean Qtyp. min. Qtyp. max. 

FZ 1 16.7 10.9  1.0  100 

FZ 2  22.0 11.5 1.8  75 

FZ 3  20.9 19.0 2.7 200 

FZ 4 37.8  19.0  2.3 200 

Thus although these identified fracture(d) zones are easy to see when surveying the 
core, and would presumably have resulted in lower terrain if intersecting the ground 
surface, they are in fact relatively moderate reductions in quality, and perhaps would 
result in no more than about 1 km/s reduction in P-wave velocity in relation to 
‘background’ qualities. This may well be the reason for the distinctive and rather 
limited height differences in the local ground surface, despite glaciation scouring. 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 55 / 9,0 * 1,0 / 4,0 * 0,66 / 1,0 = 1,008
Q (typical max)= 100 / 3,0 * 3,0 / 1,0 * 1,00 / 1,0 = 100,0
Q (mean value)= 92 / 6,1 * 1,8 / 2,2 * 0,88 / 1,0 = 10,91
Q (most frequent)= 100 / 9,0 * 1,5 / 1,0 * 1,00 / 1,0 = 16,67

Rev. Report No. Figure No.

SKB  FORSMARK  site KFM 01A  NB&A 6
Borehole No. : Drawn by Date

Individual character of FZ 1 KFM 01A nrb
Depth zone (m) Checked

166-199m nrb
Logg 1,0 Approved

## 27th March 2003
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Figure 7-1.  Individual character of FZ 1 (166–199 m). 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 65 / 9,0 * 1,5 / 4,0 * 0,66 / 1,0 = 1,788
Q (typical max)= 100 / 4,0 * 3,0 / 1,0 * 1,00 / 1,0 = 75,0
Q (mean value)= 92 / 6,4 * 2,1 / 2,2 * 0,82 / 1,0 = 11,51
Q (most frequent)= 100 / 6,0 * 2,0 / 1,0 * 0,66 / 1,0 = 22,00

Rev. Report No. Figure No.
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Figure 7-2.  Individual character of FZ 2 (265–297 m). 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 65 / 12,0 * 1,5 / 4,0 * 0,66 / 0,5 = 2,681
Q (typical max)= 100 / 3,0 * 3,0 / 1,0 * 1,00 / 0,5 = 200,0
Q (mean value)= 92 / 6,0 * 2,0 / 2,7 * 0,81 / 0,5 = 18,97
Q (most frequent)= 95 / 4,0 * 2,0 / 3,0 * 0,66 / 0,5 = 20,90
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Figure 7-3.  Individual character of FZ 3 (385–407 m). 
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n (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 55 / 12,0 * 1,5 / 4,0 * 0,66 / 0,5 = 2,269
Q (typical max)= 100 / 3,0 * 3,0 / 1,0 * 1,00 / 0,5 = 200,0
Q (mean value)= 85 / 6,6 * 2,1 / 2,5 * 0,90 / 0,5 = 18,97
Q (most frequent)= 85 / 9,0 * 2,0 / 1,0 * 1,00 / 0,5 = 37,78
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Figure 7-4.  Individual character of FZ 4 (651–683 m). 
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Figure 7-5.  Examples from FZ 1 and FZ 4. 

 

 



25 

8 General variation with depth  
(minus fractured zones) 

 

Since the fracture(d) zones have been analysed in some detail above, it is logical to 
finally separate them from the remaining 87% (approx.) of the better quality core, and 
investigate if there are significant trends of variation in the ‘background rock quality’ 
with depth. This can be done at this stage only in relation to the Q-logging. Geological 
variation, and rock type changes (i.e. also potential strength changes) cannot be 
evaluated at this stage.  

The procedure adopted to extract the required ‘background rock mass quality’ data, was 
to take each Q-logging sheet in turn (approx. 100 m of core per sheet, see Appendix A) 
and subtract the Q-parameter recordings of the four identified fracture(d) zones as 
appropriate. An example of the raw data has been scanned and is presented as the last 
sheet of Appendix A. 

The results of key Q-value statistics for the nine ‘100 m thick’ slices down the borehole 
are presented in Table 8-1. Each logging sheet represents a maximum of about 100 m of 
core, from which the four fracture(d) zones are subtracted as they occur. This means 
that some of the nine ‘slices’ are reduced to only about 70 m in (down-hole measured) 
thickness, due to the maximum 32 m lengths of identified fracture(d) zones. The typical 
appearance of a small part of the ‘background rock mass’ is shown in Figure 8-1. The 
depth shown is 357 to 369 m (approx.) where the local Q-parameters were estimated 
to be: 

Q = (100 / 4) x (1.5 / 1) x (1 / 0.5) = 75 (i.e. ‘very good’ in Q-system terminology) 

This local characterization assumes the near-by presence of sub-vertical jointing, 
hence the ‘elevated’ Jn value in relation to the observable, sparse jointing in these two 
particular core boxes. When performing the Q-logging, this knowledge of adjacent 
steeply dipping joints carries over from observation of adjacent core boxes.  

Judging by the values of Qmean in Table 8-1, there is a mid-depth zone of very good 
rock, in which even the weighted mean values are consistently high, with values of 73, 
65 and 89 (approx.). This rock is found at 297 to 585 m depth. Even typical minimum 
values are of ‘fair’ to ‘good’ quality, with only one relatively narrow fracture(d) zone 
from 385 to 407. Q-parameter histograms for these three excellent quality mid-depth 
‘slices’ are given in Figures 8-2, 8-3 and 8-4. The narrowest fracture(d) zone FZ 3 
(Figure 7-3) is also within this mid-depth region. 

As discussed earlier, there is considerable uncertainty concerning the Q-values 
appropriate to the last 115 m (sheet 9, Appendix A). However if the rock mass is free 
of joints for e.g. distances of many tens of meters, the effective quality as regards rock 
mass parameters appropriate to engineering-scale problems is likely to be of this order.  
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Table 8-1.  Variations with depth for ‘background rock mass qualities’  
(minus FZ 1–4). 

Depth down hole Qmost frequent Qmean Qtyp. min. Qtyp. max. 

102–166 m 

 

10.7 11.2 1.2 200 

199–265 m 

 

37.5 18.5 1.1 150 

297–385 m 

 

75.0 73.0 9.4 200 

407–496 m 

 

75.0 65.3 4.7 200 

496–585 m * 

 

75.0 88.6 

(76.9) 

11.9 267 

585–651 m 

 

100 52.0 7.0 267 

683–784 m * 

 

58.3 53.1 

(43.5) 

4.7 100 

784–884 m ** 

 

133 68.4 

(58.7) 

21.3 

(15.9) 

200 

884–1001 m ** 

 

2000 672 

(657) 

33.3 

(25) 

2130 

Notes on Table 8-1 ( *   ** ) 

Where mean joint spacing has appeared to be at least 3 meters in deeper sections of the core, 
the Q-system footnote referred to earlier (adding 1.0 to Jr) has been tested in the data set 
presented in Table 8-1. This has been applied to data sheets 5, 7, 8 and 9 (Appendix A). It was 
not required for sheet 6 (585.1 to 683.1 m) due to the generally closer spacing of joints. For 
obvious reasons, this correction to Jr was not usually applied to the most frequently occurring 
joint set, but to the less frequent ones, because of their larger spacing. These subjective 
judgements resulted in modestly increased values of Q mean in each case (uncorrected values 
of Q given in parentheses in Table 8-1). In deepest parts of the core, Q typ. min. was also affected, 
due to the estimation that all the sets had spacing greater than 3 meters. 
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Figure 8-1.  Example of ‘background rock mass quality’, from 357 to 369 m. 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 85 / 6,0 * 1,5 / 3,0 * 0,66 / 0,5 = 9,350
Q (typical max)= 100 / 3,0 * 3,0 / 1,0 * 1,00 / 0,5 = 200,0
Q (mean value)= 99 / 4,0 * 1,8 / 1,2 * 0,99 / 0,5 = 72,98
Q (most frequent)= 100 / 4,0 * 1,5 / 1,0 * 1,00 / 0,5 = 75,00
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Figure 8-2.  Q-histograms for mid-depth ‘slice’ 297–385 m. 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 85 / 9,0 * 1,5 / 4,0 * 0,66 / 0,5 = 4,675
Q (typical max)= 100 / 3,0 * 3,0 / 1,0 * 1,00 / 0,5 = 200,0
Q (mean value)= 100 / 4,0 * 1,9 / 1,4 * 0,97 / 0,5 = 65,32
Q (most frequent)= 100 / 4,0 * 1,5 / 1,0 * 1,00 / 0,5 = 75,00
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Figure 8-3.  Q-histograms for mid-depth ‘slice’ 407–496 m. 
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Q - VALUES: (RQD / Jn) * (Jr / Ja) * (Jw / SRF) = Q
Q (typical min)= 95 / 6,0 * 1,5 / 4,0 * 1,00 / 0,5 = 11,875
Q (typical max)= 100 / 3,0 * 4,0 / 1,0 * 1,00 / 0,5 = 266,7
Q (mean value)= 100 / 3,7 * 2,2 / 1,3 * 0,99 / 0,5 = 88,62
Q (most frequent)= 100 / 4,0 * 1,5 / 1,0 * 1,00 / 0,5 = 75,00
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Figure 8-4.  Q-histograms for mid-depth ‘slice’ 496–585 m. 
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9 Conclusions 

 

1. Q-logging using the histogram method is found to be an efficient way of collecting 
the extensive range of rock mass characteristics represented in 900 m of core. 
Eighty two pairs of core boxes, each containing 11 m of core, were logged with ten 
allowable opinions of the local (+/– a few meters) rock mass conditions. Since there 
are six Q-parameters, this data set consists of 10 x 6 x 82 = 4920 observations. 
Concerning RQD, the ten data per pair of core boxes related to each 1.1 m length 
of core. 

2. The hand-recorded data, giving depth and joint character in each box of the 
histograms, required nine data sheets, one for each 100 m of core. This was 
processed in Excel spreadsheet format. The data was initially divided into three 
parts, namely the whole core, the four identified fracture(d) zones termed FZ 1 to 4, 
and the whole core minus FZ 1 to 4. 

3. The whole core displayed very good to excellent quality Qmean = 48.4, and Qmost freq. 
equal to 100. The four identified fracture(d) zones, if treated as one unit, showed 
Qmean and Qmost freq. as high as 13.9 and 33.3. These fracture(d) zones constituted 
some 13% of the core, and when excluded, the remaining 87% or 780 m of core 
showed Qmean = 60.4. The typical range of Q-values for the whole core was about 
2.1 to 2130, the latter based on the assumption of no jointing or healed jointing in 
the lowest portions of the hole. 

4. Individual histogram treatment of the four fracture(d) zones revealed that the two 
shallowest zones, at approximately 166 to199 m (FZ 1) and 265 to 297 m (FZ 2) 
had skewed distributions of RQD and Ja, with most frequent values of 100% and 
1.0 (unaltered) respectively. By comparison, FZ 3 (385 to 407 m) and FZ 4 (651 to 
683 m) had more normal distributions of RQD and Ja. Values of RQD were typically 
75, 85 or 95%, and Ja were frequently 4 (thinly clay-filled), 3 (coated) and 2 
(stained/altered).  

5. Perhaps due to greater depth and good rock incorporated in the zones, the Qmean of 
these two deepest fracture(d) zones was 19.0 (both cases), which is about twice that 
of FZ 1(10.9) and FZ 2(11.5). The terminology ‘fracture(d) zone’ is therefore a 
relative term, as lowest values of Q are no lower than about 1 or 2 for any of the 
zones, and due to over-consolidated clay fillings, permeability is expected to be low. 
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6. The whole core mean value of Jw was 0.95, and for the four fracture(d) zones 0.86. 
The 87% of background rock mass therefore had an estimated Jw of 0.96, which is 
still closer to ‘dry excavations or minor inflow’ in the context of tunnel excavation. 
There is a recent Q-logging ‘footnote’ /Barton, 2002/ relevant for characterization 
(distant from excavations) for potential reduction of Jw with successive depth zones. 
If RQD/Jn values had been as low as the stipulated range (0.5 to 25) to imply good 
connectivity, such reductions could have been applied here.  

7. For the most part RQD/Jn was greater than 25, and most commonly was 33. 
Largely for this reason of generally poor connectivity, Jw was not given lower values 
than 0.66. There could be exceptions to this in portions of fracture(d) zones not 
containing clay fillings. The mean fracture(d) zone ratio of RQD/Jn was 90/6.3 or 
14.3, which, in the absence of clay fillings, could imply sufficient local connectivity 
for wet conditions. Since hole KFM 01A was reportedly dry, making water 
sampling impossible, the clay sealing has obviously been very effective. 
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10 Recommendations 

 

In fact for the empirical Q-system correlations to rock mass properties that are to be 
assessed in later reports, it is essential to have some level of knowledge of rock strength 
variation down the length of the core, so that the presently reported Q-value variations 
can be converted to Qc values, which forms the main basis of full characterization and 
rock mass property estimation (where Qc = Q x σc/10). It should be sufficient to utilize 
estimates of σc from point load or even Schmidt hammer testing, once reliable site 
specific correlations to σc are determined or agreed. 

If using BORMAP to develop a Q-rating after the geological logging, the equivalent 
operation to estimate Jn would presumably be to look up the local joint-pole stereogram. 
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