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INTRODUCTION 

The importance of j j i s i t u s t r e s s measurements in 
t h e p r e d i c t ion of the behavior of underground openings 
i s widely recognized , yet the methods for o b t a i n i n g 
r e l i a b l e va lue s for t he se s t r e s s e s have long been t h e 
ob jec t of con t rove r sy . Overcoring methods—besides 
h a v i n g g e n e r a l l y been l i m i t e d t o h o l e s of t e n s of 
m e t e r s in l e n g t h - - have been q u e s t i o n e d a s t o t h e 
cause of da t a s c a t t e r , r o l e s of r e s i d u a l s t r e s s e s , and 
a p p r o p r i a t e s c a l e o v e r which t o measu re s t r a i n s . 
Hydraul ic f r a c t u r i n g , t h e only a l t e r n a t i v e for deep 
m e a s u r e m e n t s h a s g a i n e d i n c r e a s e d a c c e p t a n c e , ye t 
q u e s t i o n s remain p a r t i c u l a r l y in the a r ea s of non-co
inc idence of the borehole with one of t h e p r i n c i p a l 
s t r e s s e s , r o l e of t e n s i l e s t r e n g t h in da t a i n t e r p r e t a 
t i o n , and determinaL ion of f r a c t u r e o r i e n t a t i o n away 
from the b o r e h o l e . 

t h e Swedish S t a t e Power Board ha A 
orkable method of performing overcor ing 
in holes hundreds of meterf in l eng th . 
i t o o b t a i n in s i t u s t r e s s v a l u e s fo r 
e d i s p o s a l 

R e c e n t l y 
developed a 
measurements 
With t h e ne 
n u c l e a r w a s t e d i s p o s a l s i m u l a t i o n e x p e r i m e n t s a t 
t h e S t r i p a Mine in c e n t r a l Sweden, we undertook the 
t a sk of running both t h e Power Board ' s Lcetnan t r i a x i a l 
c e l l and h y d r a u l i c f r a c t u r i n g in t h e same h o l e . 
This paper i s a repor t of the r e s u l t s of the compara
t i v e measurements . 

The b o r e h o l e for t h e s t r e s s m e a s u r e m e n t s was 
l oca t ed approximately 25ftn n o r t h of t h e exper imenta l 
t e s t a rea at the 3&8m l eve l of the n i n e (F igure 1 ) . 
The borehole and the t e s t f a c i l t i e s a re e n t i r e l y in 
medium gra ined g r a n i t e . The s i n e had produced i ron 
o r e from s t r a t abound l a y e r s in l e p t i t e Cinterbedded 
metasedimentary and n e t a v o l c a n i c rocks of Precambrian 
a g e ) which had b e e n i n t r u d e d l>y t h e g r a n i t e . The 
c o n t a c t fol lows the n o r t h e a s t t r end of t h e outcrops in 
F igure 1, and d i p s a t about f o r t y - f i v e degrees t o the 
s o u t h e a s t . Whereas the i ron ore fol lows the t rend of 
t h e beds and t h e c o n t a c t , t h e mined ou t a r e a s a r e 
confined roughly t o a n o r t h e a s t s t r i k i n g , s o u t h e a s t 
d ipp ing s l a b . 

The t o t a l depth of t h e s t r e s s measurement ho le was 
3S1 meters and i t was d r i l l e d with a 76am (3 inch) 
d i ame te r core b a r r e l . Overcoring measurements were 
c a r r i e d out in groups of four t o f i v e Beam r e s e n t s 
each at roughly one hundred tseter i n t e r v a l s in the 

h o l e . A f t e r c o m p l e t ion of most of t h f d r i l l i n c , 
h y d r a u l i c f r a c t u r i n g measurements were c a r r i e d out at 
a p p r o x i m a t e l y 50 m e t e r i n t e r v a l a w i t h a d d i t i o n a l 
measurements below 300m at t h e approximate depth of 
the t e s t f a c i l i t y . 

OVERCORINC MEASUREMENTS 

The Swedish S t a t e Power Board s t r e s s measurement 
system i s a m o d i f i c a t i o n of the Leeman t r i s x i a l c e l l , 
which measures t h e complete s t a t e of s t r e s s from a 
s i n g l e b o r e h o l e . The p r o c e d u r e s used in t h e o v e r -
co r ing by the Swedish S t a t e Power Board at S t r i p a a r e 
the same as those d e s c r i b e d in H i l t s c h e r and o t h e r s 
(1979) . As with most overcor ing t e c h n i q u e s , a p i l o t 
bore of a few dec ime te r s in l eng th i s d r i l l e d a t t h e 
end of t h e main bo reho l e . A s t r a i n c e l l c o n s i s t i n g of 
t h r e e , three-component s t r a i n gage r o s e t t e s i s cement
ed t o the wall of the p i l o t h o l e . Af t e r a r ead inc of 
the s t r a i n ?age o u t p u t s , the s t r a i n c e l l i s overcored 
by a d r i l l wi th a l a r g e r d iameter b i t . For the Power 
Board s t r a i n c e l l the p i l o t bore and main borehole 
d i a m e t e r s a r e 3R mm and 76 mm r e s n e c t 1 v e I v . The 

Figure 1. Loca t ion of s t r e s s measurement ho le r e l a 
t i v e to t e s t a r ea i n Bine ; i n s e t shows l o c a t i o n of 
S t r i p a Mine. 
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change in the s t r a i n c e l l r e a d i n g s a f t e r the c e l l i t 
overcored and brought t o the su r f ace a r e then used t o 
c a l c u l a t e the in s i t u s t r e s s e s us ing e l a s t i c formulae 
for borehole deformat ion (Leeman, 1971) . The o v e r c o r 
ing procedures a r e shown s c h e m a t i c a l l y in F igu re 2. 
A f t e r t h e c o r e s c o n t a i n i n g t h e o v e r c o r e d t r i a x i a l 
c e l l s a re removed from the h o l e , l a b o r a t o r y measure 
merits of t h e response of the s t r a i n gages t o a x i a l and 
b i a x i a l l o a d i n g a r e used b o t h t h e d e t e r m i n e t h e 
modulus of the rock and t o v e r i f y t h e e f f e c t i v e n e s s of 
the s t r a i n gage bonds . 

OVERCORINfi RESULTS 

Seventeen success fu l measurements v e r e made with 
t h e Leenan c e l l t e c h n i q u e . The o r i e n t a t i o n and 
magnitude of the p r i n c i p a l s t r e s s e s a r e sho**n in equal 
a r ea p r o j e c t i o n s i n F igu re 3 . Although the magnitudes 
of t h e s t r e s s e s measured show a f a i r amount of 
s c a t t e r , t h e r e a r e s t rong c o n s i s t e n c i e s of o r i e n t a t i o n 
between measurements made a t the same depth l e v e l . 
The source of the s c a t t e r in t h e magnitude d a t a i s not 
c l e a r . However, conf i rmat ion of the s t r a i n gage bonds 
in l a b o r a t o r y t e s t s of the cores sugges t s t h a t the 
source i s not in the i n s t r u m e n t a t i o n . Ra the r , the 
d a t a s c a t t e r may r e f l e c t g r a i n s i z e e f f e c t s o r an 
e i a s t i c a n i s o t r o p y which may n o t be c o n s i s t e n t 
between c o r e s . 

The o r i e n t a t i o n d a t a for the 110m leve l measure
ments shows a c o n s i s t e n t no r thwes t - sou theas t o r i e n t a 

t i o n for the linimum s t r e s s , which i s t e n s i l 
t h e o t h e r two p r i n c i p a l s t n 

n s i s t e n t o r i e n t a t i o n . At 200m deptl 

in two 
see do 
h, the 

y 

Figure 2. Procedures for overcoring stress measure
ments: (l)main 76mm borehole, (2) drilling 38mm pilot 
hole, (3) appraial of rock quality, (4) positioning 
of stress probe before setting gages, (5) cementing 
gages and recording initial strain readings, (6) re
lease of stain gage carrier and removal of probe, (7) 
overcoring, (8) removal of strain gaged core from hole 
and second strain gage reading (from Hiltscher et al., 
1979) 

Figure 3. Lower hemisphere equal area plots of principal stress data from 
overcoring; magnitudes in HPa; a\~ triangles, 02- squares, Oj- circles 



principal stresses are close to horizontal and ve r t i 
c a l , and maximum principal s t r e s s , a\ i* oriented 
east-west to west-northwest. At 300a the maximum 
principal s t r e s s is oriented northwest and nearly 
horizontal, however, the other two principal atressea 
are rotated from the vertical and horizontal. At 380m 
the maximum atresa is oriented west to weat-aouthveat, 
and the minimum stress is skewed from the vertical 
towards the direction of the mine openings. 

Figure 4 ia a plot of the maximum and minimum 
horizontal s tress, OH max * n^ OHmim and the 
vertical stress versus depth. Values shown are the 
averages for each depth grouping. As with the 
principal stresses, the maximum stress is oriented 
east-west to northwest in a l l but the shallowest 
tes t s . The vertical stress ia measured as 1.5 to 2.5 
times the weight of the overburden except at 380m 
where the measured vert ical a treas is close to the 
calculated s tress . 

Preliminary finite element anaylsea have been 
made by Chan et a l . (1981) to determine the possible 
effect of the mine openings on the measured stresses. 
Although the analysis is very conservative in removing 
the entire orebody, the calculations are consistent 
with the measurements in showing only a slight effect 
on the atresses due to the mine at 200m and a rotation 
of the minimum s t r e s s towards the mine at greater 
depth. In addition, the calculations show an increase 
in the vertical stress over the l i thosta t ic , an effect 
decreasing below 300m depth. 

Although the orientation of the Leeman cell probe 
is done by magnetic compass, the orebody is not felt 
to have affected the measurement. This view is based 
on the correspondence of the data obtained on hole 
or ienta t ion from the borehole compass used in the 
impression packer work in conjunction with the hydrau
l i c fracturing. These data were consistent with 
the survey data obtained using the Fotobor, a non-mag
netic survey tool. 

$ -

Figure 4. Variation in horizontal and vertical stress 
magnitudes with depth as determined by overcoming; 
data points are averages of each depth group; a -
triangles. "Hmin -circles, a - squares. 

HYDRAULIC FRACTURING EQUIPMENT AND PROCEDURES 

The hydraulic fracturing of the borehole was 
performed using a packer assembly with a straddled 
interval of two feet (0.6 meters). Mounted above the 
packer assembly was a water tight housing containing 
two pressure transducers, one to monitor the pressure 
in the injection test cone, the other to monitor the 
packer pressure. The downhole pressures were monitored 
continuously at the surface. The packers were inflated 
through hydraulic hoses strapped to the steel tubing 
along with the electrical cable. The fracturing was 
done with clean water using a positive displacement 
pump modified with an accumulator to remove pressure 
surges. The complete system is shown schematically in 
Figure 5. 

Once the packers had been lowered to the desired 
teat zone, the packers were inflated to a pressure 
exceeding the expected breakdown pressure. For most 
tests this pressure was about 2500 psi (17 MPa). 
Originally we had expected to set the packers at a 
lower pressure and rely on the pressure increase in 
the zone between the packers to act on tne ends of the 
packers and increase the pressure of the seal. This 
interaction of the packer pressure and the injection 
zone pressure has been obser ved by some workers (Kira 
and Smith, in press) engaged in hydraulic fracturing 
work for stress measurement. We had observed this 
phenomenon while testing in a 3 inch casing our 
original packer system. However after the discovery 
of leaks in the packetB forced us to Eall back on an 
alternate packer system, we found the packer pressure 
was not at all affected by the pressure in the test 
zone. 

Once the packers were set, the pressure was 
raised in the test zone at a rate of 2000 psi (14 
MPa) / minute until fracturing was indicated by an 
increase in the pumping rate. As soon as fracturing 
was felt to have occurred, the manifold was shut in 
and the pressure was monitored for two to four 
minutes. This procedure WSB repeated two to four 
additional times to observe second ary breakdown 
pressures, and to obtain additional shut in pressure 
values. One test involving slowly pumping up the test 
zone to the pressure where the fracture would just 

Figure 5. Schematic of hydraulic fracturing equipment. 



begin to opea was run a t each t e s t l e v e l t o f u r t h e r 
ae t the value of t h e shut i n p r e s s u r e . 

IHPRESSIOH PACKER PROCEDURES AND EQUIPMENT 

Once t h e f r a c t u r e e x p e r i m e n t s were c o u p l e t e d , 
i m p r e s s i o n s of t h e t e s t zone were c a r r i e d o u t t o 
d e t e r m i n e t h e o r i e n t a t i o n of t h e f r a c t u r e s . The 
impression packer equipment c o n s i s t e d of a 1 7/8 inch 
(48am) packer element with a removable s l eeve coa ted 
w i t h a s o f t r u b b e r c a p a b l e of e x t r u s i o n i n t o t h e 
f r a c t u r e under p r e s s u r e . The packer was placed below 
a 1 3/8 (35am) inch , s i n g l e s h o t , magnet ic borehole 
survey compass modified t o screw d i r e c t l y i n t o the 
packer end cap . This e n t i r e assembly was a t t ached t o 
a w i r e l i n e and i n f l a t e d pneumat ica l ly through t h e aame 
h y d r a u l i c tubing used i n the f r a c t u r i n g exper iment . 
The p a c k e r was h o i s t e d by a w i r e l i n e h o i a t which 
included a cab le counte r t o a s s u r e p roper depth of 
emplacement.The deepes t t e s t zones r e q u i r e d about two 
hours for complet ion of the impress ion . The impress ion 
p a c k e r s y s t e m i s shown s c h e m a t i c a l l y i n F i g u r e 6 . 

m rnttr irflh llllni 

The breakdown p r e s s u r e s were r e a d i l y determined 
from the p r e s s u r e - t i m e records {Fig. 7 ) , however, t h e 
a h u t - i n p r e s s u r e s r e q u i r e d some s u b j e c t i v i t y . P r e 
v ious a n a l y i s t s of hydrofrac t u r e d a t a have used such 
c r i t e r i a as the va lue t o which p r e s s u r e r a p i d l y d rops 
a f t e r breakdown or t h e s t a b l e p r e s s u r e va lue reached a 
few minutes a f t e r breakdown has occur red . Both of 
t h e s e c o n d i t i o n s a r e a f f e c t e d by i n t r u r a e n t a t i o n 
f a c t o r s , such as the speed of t h e c h a r t r e c o r d e r , or 
f r a c t u r e boundary c o n d i t i o n s , such as i n t e r s e c t i o n of 
another f r a c t u r e . The approach used in s e l e c t i n g shut 
in p r e s s u r e s in t h i s work i s based on the p r e s s u r e 
pu l se p e r m e a b i l i t y t e s t in s i n g l e f r a c t u r e s (Wans, e t 
a l . , 1977) . Cons ider ing the post breakdown p r e s s u r e 
b e h a v i o r a s a t e s t where t h e f r a c t u r e a p e r t u r e i s 
l a rge at p r e s s u r e s g r e a t e r than t h e in s i t u s t r e s s and 
smal le r where p r e s s u r e s are l e s s , then t h e p r e s s u r e -
t ime record should behave as a two-s tage p u l s e t e s t . 
The shut i n p r e s s u r e could t hen be taken as a sharp 
break in s e o i - l o g a r i t h m n i e p l o t of t h e p r e s s u r e v e r s u s 
t i m e . Shut i n p r e s s u r e s obta ined by t h i s t echn ique 
were i n e x c e l l e n t ag reemen t w i t h t h e p r e s s u r e s 
r e q u i r e d t o open t h e f r a c t u r e by slow pumping. 

Hydrofrac ture t e n s i l e s t r e n g t h t e s t e were run on 
f o r t y samples of core from the t e s t zones t o o b t a i n 
t e n s i l e s t r e n g t h va lue s for use in da t a a n a l y s i s by 
e q . 1. h a l f of t h e samples conta ined 1/4 inch (7mm) 
h o l e s and the o t h e r h a l f 1/2 inch (J3mm) h o l e s . The 
s t r e n g t h s were s t r o n l y s i z e dependent as the s m a l l e r 
h o l e d i a m e t e r y i e l d e d s t r e n g t h a v e r a g i n g 2355 p s i 
(16MPa) and the l a r g e r gave 1860 ps i (13 MPa). P r e s 
ence of c a l c i t e or e p i d o t e healed f r a c t u r e s lowered 
t he se va lues by about 25X. 

Figure 6 . Schematic of w i r e l i n e impress ion packer 
sys tem. 

Figure 7 . Typica l p r e s s u r e - t i m e record for h y d r a u l i c 
f r a c t u r e ( t e s t 17, 304.9m depth) 

FRACTURING DATA ANALYSIS 

The h y d r o f r a c t u r i n g da t a were i n t e r p r e t e d us ing 
b o t h t h e f i r s t b reakdown t e c h n i q u e of Haimson and 
F a i r h u r s t (1968) 

°Hmax" 3 p s i " p bl + T - P (1) 

where Pgi" "but in pressure" Hmin 
Pbl" first breakdown 
T" hydrofracture tensile strength 
P" pore pressure 

and the second breakdown technique of Bredehoeft et «L 
(1976) 

a&sax- 3 p s i " pb2 -P- <2> 

where P&2" «cond breakdown pressure. 

One can extrapolate the tensile strength data to 
the 3 inch (76mm) diameter size used in the field 
using a fracture mechanics approach similar to that of 
Abou-Sayed et a l . (1978). For a sample under no 
radial load, Abou-Sayed'a breakdown equation (197B, 
eq. 17) reduces to 

K l c 
F(L/r)/TTL 

K ic* cri t ical stress intensity 
L" crack length 
r» hole radius 
F(t/r)"stresa intensity coefficient (From 
Paris and 5ih, 1965, Table 7) 

Given that grain size of the Stripa granite as 1mm 
to 5am, (Olkicwicx et al. 1979), and assuming that 
failure will occur on the larger grain boundary 
cracks, we can use an L of 5mm (.25 inch). The ratio 
of the tensile strengths for t w borehole diameters 
can readily be obtained from equation 3 as 



Pb at rl. r<L/r.2) 
Pb *t- *2 FiL/r^) W 

Given the average strength of 2355 pal (16 HPa) 
for the 0.25 inch (7»ni) hole*, equation 4 gives 
a strength of 1950 psi (13 HP*) for the 0.5 inch 
(13mm) holea and 12S0 psi (9 MPa) for the 3 inch 
holes in the field.. The calculated strength for 
the larger laboratory test holes agrees well with the 
observed strengths. The 3 inch holes strengths are 
calculated as 54X of the 0.25 inch holea; Rummel and 
Jung (1975) observed that the ratio in their tests in 
limestone was about 45X. Whereas the failure should 
be expected to occur on the largest flaws available 
rather than the average sized flaw, one might expect 
tensile strengths in the larger holea to be smaller 
than those calculated above. Tensile tests on large 
cores containing 3 inch holes are planned. 

The field tensile strength, which has been 
defined as the difference between the first and second 
breakdown pressures varied from 350 (2.4 MPa) to 1400 
psi <9-7 MPa) and averaging 750 psi (5.2 HPa). The 
"field" values are considerable lower than the extrap
olated laboratory values thus resulting in a lower 
calculation of t r H m a x . Table 1 gives the data for 
calculation methods based on both eq. 1 and eq. 2. 
The laboratory based values are shown as a function of 
depth in Figure 3. 

In comparing the two methods of hydrofracture 
analysis, it should be noted that the second breakdown 
technique is only applicable where the ratio of the 
maximum to minimum horizontal stress is less than two, 
as for greater stress differences the second breakdown 
would be less than the shut in pressure. Furthermore, 
fracture opening pressure depends on the total load on 
the fracture wall (J. Noorishad, personal eoantunica-
tion) and not just the borehole pressure. The opening 
of the fracture depends on the transient pressure 
distribution along the fracture wall and may thus 
reflect pumping cat* as well as stress conditions. 

Table 1. Hydrofracture Stress Results * 

STRESS, psi (MPa) 

F i r s t Second 
Breakdown Breakdown 

Bo. Depth ° H m a x = „ „ „ "„„;„ 

I 28.5 
4 52.2 
5 101.2 
6 153.2 
7 203.8 
19 201.4 
8 251.6 
18 279.6 
17 304.9 
9 308.6 
10 318.1 
16 ?25.B 
I I 328.6 
13 356.7 
14 367.1 
15 369.7 

1140 (7.9) 
760 (12.1) 
2050 (14.1) 
2000 (13.8) 
1370 (9.4) 
2330 (16.1) 
3230 (22.3) 
2610 (18.0) 
1510 (10.4) 
2480 (17.1) 
2600 (17.9) 
3800 (26.2) 
3070 (21.2) 
3300 (22.8) 
2580 (17.8) 
3210 (22.1) 

265 (1.8) 
960 (6.6) 
1490 (10.3) 
1490 (10.3) 
1300 (9.0) 
1680 (11.6) 
2730 (IB.8) 
3480 (17.1) 
1850 (12.8) 
1980 (13.7) 
2310 (15.9) 
3340 (23.0) 
2720 (18.8) 
2530 (17.4) 
2080 (14.4) 
2640 (18.2) 

240 (1.7) 
600 (4.1) 
890 (6.1) 
817 (5.6) 
939 (6.5) 
1070 (10.4) 
1790 (12.3) 
1560 (10.8) 
1390 (9.6) 
1320 (9.1) 
1700 (11.7) 
I960 (13.7) 
1620 (11.2) 
1790 (12.3) 
1540 (10.6) 
1780 (12.3) 

105 (0.7) 
195 (1.3) 
380 (2.6) 
570 (3.9) 
760 (5.2) 
750 (5.2) 
940 (6.5) 
1040(10.1) 
1140 (7.8) 
1150 (7.9) 
1190 (8.1) 
1215 (8.4) 
1230 (8.5) 
1330 (9.1) 
1370 (9.4) 
1380 (9.5) 

Figure 8. Variation In horizontal and vertical stress 
wich depth. Hydrofracture value6 are open, overcoring 
are solid. Hydrofracture values based on first hreak-
i o m - < W - t r l a " S 1 < i s ' °Hnin-•circles, o • 

* based on T-llQO pel 

RESULTS — IMPRESSION PACKER WORK 

Successful impressions were obtained for only nine 
of the tests, Although this is as many impressions as 
have usually been taken in hydrofcacture experiments, 
a larger number of results would have been more 
satisfying. The failed impressions generally appeared 
to be the result of uneven inflation of the packer. 
The problem o£ the uneven inflation of the impression 
packer may be solvable by using elements that are both 
shorter in length and larger in diameter. Although 
our original aim in designing the wireline impression 
packer system was to minimize the size to avoid 
potential problems getting hung up in the hole, our 
experience with running the wireline system in high 
quality rock has given ue greater confidence in using 
larger packers. 

Despite the lost impressions, the impressions that 
were successful show a reasonably consistent HKW trend 
to the fracture strikes. The stereographic projec
tion of the fracture planes in Figure 9 shows a set 
of fractures with a mean strike of N 65 U, with a 
standard deviation of 28 degrees. 

COMPARISON OF STRESS DATA BV OVERCORING AND HYDRAULIC 
FRACTURING 

Table 2 gives the interpolations of the horizontal 
and vertical stresses at the depth of the test facil
ity based on the overcoring results and both methods 
of hydrofracture interpretation. The overcorinR 
results agree well with the hydrofraeturing in both 
the magnitudes of the minimum horizontal stress and 
in the orientation of the maximum horizontal atress. 
The overcoring resulta are higher than those calcula
ted by either breakdown pressure technique (Figure 8), 
The first breakdown data, being higher, agrees betser 
with the overcoring results. The vertical stress 
values in excess of the overburden weight may indicate 
that the overcoring values are too high; however the 
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Figure ?• Lower hemisphere stereographic projection 
ot planes of hydrofractures. Numbers refer to tests 
(see Table 1). 

the preliminary calculations of Chan et al (1981) show 
that the mine openings may cause an increase in 
vertical stress at the shallow depths where the 
overcoring results are also the highest. 

The area of *•'Jsest agreement between the stress 
measurement, techniques is in the northwest to east-
west orientation of the maximum stress. This direc
tion is consistent with previous data collected by the 
Power ^oard (Uiitscher et al, 1979) and N. Hast 
(1969). 

In conclusion, the overcoring and hydraulic frac
turing results give comparable data with respect 
to magnitudes of horizontal stresses and to orients' 
tion. In holes where principal stress nay not be 
coincident with borehole axes, the hydraulic frac 
turing may yield mainly the stresses normal to 
the hole rather than principal stresses. Although 
major questions remain both as cause of the scatter in 
the over coring data and the question of tensile 
strength in hydrofracture data analysis, the overall 
agreement of the methods would indicate that both the 
overcoring and hydraulic fracturing provide data 
applicable to practical problems in the field. 

Table 2. Interpolated In Situ Stress Values 
at the Depth of the Test Facility 
(318m in the stress borehole) 

Method O i I p a x D_Hni i n Ovi* 

Overcoring 3670 (25.3) 1650 (11.7) i750 (12.0) 

Hydrofracture 2740 (18.9) 1300 (9.0) 1040 (7.2) 
(1st Breakdown) 

Hydrofracture 2390 (16.5) 1300 (9.0) 1040 (7.2) 
(2nd Breakdown) 

•Hydrofracture values calculated from weight of 
overburden. 

ACKNOWLEDGEMENTS 

Special thanks are due to H, Moebus of LSL and 
P.A.Halen of the Stripa Mine for help in conducting 
the field work in Sweden. T. Chan of LSL graciously 
shared unpublished model results. J. Ratigan of U.C. 
Berkeley provided considerable help in conducting the 
tensile strength measurements. P. Nelson provided a 
helpful review of the manuscript. 

This work was supported by the Assistant Secretary 
for Nuclear Energy, Office of Waste Isolation of the 
U.S. Department of Energy under contract number W-
7405-ENG-48. Funding for the project was administer
e d by the Office of Huclear Haste Isolation at the 
Battelle Memorial Tp.f.r-itutp, 

REFERENCES 

ABOU-SAYED, A. , C. BRECHTEL, AND R. CLIFTON, 1978, 
I n s i t u s t r e s s d e t e r m i n a t i o n by h y d r o f r a c t u r i n g : 
a f r a c t u r e mechanics approach, J o u r . Geophys. R e s . , 
v . 83 , p . 2851-2B62 

BREDEHQEFT, J , R. WOLFF, W. KEYS, AND E. SUTTER, 
1976, H y d r a u l i c f r a c t u r i n g t o d e t e r m i n e r e g i o n a l 
S t r e s s f i e l d , Piceance Basin, Colorado, Geol . Soc. 
Amer. B u l l . , v. 87 , p . 250-25B 

CHAN, T . , V. GUVANASEN, AND N. LITTLESTQNE, 1 9 8 1 , 
Numer ica l m o d e l l i n g t o a s s e s s p o s s i b l e i n f l u e n c e 
of t h e mine o p e n i n g s a t S t r i p a on f a r f i e l d i n -
e i t u s t r e s s measurements , Lawrence Berkeley Laboratory 
Report , i n p r e p a r a t i o n . 

HAIMSON, B . , 1978, The h y d r a u l i c f r a c t u r i n g s t r e s s 
m e a s u r i n g method and r e c e n t r e s u l t s . I n t . J o u r -
Rock Mech. and Min. S c i . , v . 15, o . 167-178 

HAST, N. , 1969 , The s t a t e of s t r e s s i n t h e u p p e r 
p a r t of t h e e a r t h ' s c r u s t , T e c t o n o p h y s i c s , v . 8 , 
p . 169-211 

H1LTSCHER, J . , F . MARTNA, AND L. 5TRINDELL, 1979 , 
The measurement of tr ia.xi .al s t r e s s e s in deep bo reho le s 
in the design and c o n s t r u c t i o n of underground open
i n g s , P r o c . 4 t h Cong, I n t . Soc . Rock Mech. , v. 1 , 
p.227-234 

KIM, K. , and C. SMITH, in p r e s s , Hydraul ic F rac tu r ing 
s t r e s s m e a s u r e m e n t s n e a r t h e Keweenaw F a u l t in 
upper Michigan 

LEEMAN, E .R . , 1971, The C5IR doors topper and t r i a x i a l 
m e a s u r i n g i n s t r u m e n t s : Rock H e c h . , v . 3 p . 25-50 

OLKIEVTCZ, A . , J . GALE, R. THORPE, AND B. FAULSRON, 
1979, Geology and f r a c t u r e system , t S t r i p a , Lawrence 
B e r k e l e y L a b o r a t o r y R e p o r t LBL-8907, SAC-21, 163 
P-

WANG, J . , T . TSANG, T, NARISIMHAN, AND P . WITHER-
SPOON, 1977 , T r a n s i e n t f low in t i g h t f r a c t u r e s , 
P r o c . 1 s t I n v i t a t i o n a l Well Teat Symposium, Lawrence 
Berkeley Labora tory 

- 6 -

http://tria.xi.al

