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ABSTRACT 

Bad Urach, located at the center 
of the positive geothermal anomaly on 
the Swabian Alb, has been selected to 
be 'The German HDR Project Site'. 
Hydraulic properties of the open hole 
section are of large interest for HDR 
research. Hydraulic tests resulted in 
pressure dependant transmissivities 
and showed up a possible relation to 
stress magnitudes. Latest 
investigations on tectonic stresses 
will be discussed. Based on breakout 
directions the maximum horizontal 
stress orientation is determined to be 
N172'E. More accurate information on 
stress values could be achieved by 
further hydrofrac measurements and 
detailed analysis of borehole cross 
sections . 

INTRODUCTION 

Areas of positive geothermal 
anomaly are the most favourable for 
exploiting geothermal energy. In 
Germany it has been known that 
subsurface temperatures areanomalously 
high in the area of Urach on the 
Swabian Alb and within the Upper mine 
Graben . 
The Urach geothermal anomaly has been 
the subject of systematic 
investigations in a research program 
supported by a number of institutions. 
In addition to extensive geological 
and geophysical investigations a 
borehole (Urach 111) was drilled 

through the sedimentary cover and 
about 1700 m into the basement down to 
3334 m depth in 1978 (phase 1). This 
borehole provided an opportunity to 
study hot water extraction from the 
sedimentary cover (natural thermal 
water sources) and to carry out 
experiments on the use of Hot Dry Rock 
techniques in the basement rocks. 

The geothermal anomaly implied 
detailed temperature investigations. 
Three-dimensional temperature 
distributions were evaluated according 

heat 
conductivities, heat f l o w  densities 
etc. (ZOTH, 1982). Temperature logs 
during hydraulic injection tests 
provided information on permeable 
zones. Hydraulic tests were performed 
to study hydraulic behavior of the 
sedimentary cover as well as of the 
basement rock (14 m of open hole). 
Important investigations concerned the 
mineralogy and essentially chemical 
reaction of the basement rock with 
water. These are of essential interest 
for HDR purposes: sealing, scaling and 
dissolution effects. furthermore physical 
and mechanical rock properties were 
studied to conclude among others on 
the mechanical behavior of the 
basement rock during HDR heat 
extraction. 

to temperature logs I 

The favourable results of 
geoscientific investigations (edited 
by HAENEL, 1982.), the extended 
infrastructure, the nearby industries 
as heat (energy) consumer, the less 
active geological structure of the 
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basement of t h e  Swabian Alb re la t ive 
t o  t h e  huge amount of  a c t i v e  n a t u r a l  
f a u l t s  w i t h i n  t h e  Upper Rhine Graben, 
etc. f ac i l i t a t ed  a f t e r  a l l  t h e  
s e l e c t i o n  of Bad Urach as 'The German 
HDR Project Site'.. 

F u r t h e r  deepening of t h e  w e l l  has  
been accomplished i n  1983 down t o  
3488 m dep th  (phase  2 )  l engthening  t h e  
open h o l e  s e c t i o n  from 14 m to 168 m. 
A bottom h o l e  t empera tu re  of 147'C w a s  
measured. Besides o t h e r  g e o s c i e n t i f i c  
i n v e s t i g a t i o n s  t h e  hydrau l i c  
p r o p e r t i e s  of  t h e  open h o l e  s e c t i o n  
w e r e  of s p e c i a l  i n t e r e s t  f o r  HDR 
r e s e a r c h .  Th i s  paper  w i l l  t h e r e f o r e  
focus  on t h e  r e s u l t s  of  hydrau l i c  
tests, i.e. t h e  t r a n s m i s s i v i t y  of t h e  
basement rock ,  by comparing a l l  tests 
( s l u g  and i n j e c t i o n  tests e tc . )  
desc r ibed  and i n t e r p r e t e d  by d i f f e r e n t  
au tho r s .  Th i s  s t u d y  y i e l d  t h e  f i n a l  
and up d a t e d  r e s u l t  f o r  hydrau l i c  
t r a n s m i s s i v i t i e s  i n  t h e  w e l l  Urach 
I11 . 

I n  a d d i t i o n ,  w e  r e p o r t  on t h e  
knowledge of  t h e  t e c t o n i c  stresses i n  
t h e  area of Bad Urach. Only i n  1991 
stress measurements, i .e. hydrau l i c  
f r a c t u r i n g  exper iments ,  w e r e  performed 
i n  Urach 111. By t h a t  time, t h e  on ly  
in fo rma t ion  on t h e  t e c t o n i c  stress w a s  
i t s  d i r e c t i o n ,  o b t a i n e d  from borehole  
breakout  a n a l y s i s  ( c a l i p e r  d a t a )  and 
f a u l t  p l a n e  s o l u t i o n s .  A l l  stress 
in fo rma t ion  h a s  been ga thered  i n  
a t t empt  t o  e v a l u a t e  stress magnitudes . 
Thus, l a tes t  in fo rma t ion  of  t h e  stress 
s i t u a t i o n  a t  B a d  Urach w i l l  be  given 
i n  t h i s  paper .  

HYDRAULIC TRANSMISSIVITIES 

Hydraul ic  tests w e r e  performed a l l  
t h e  years through,  s t a r t i n g  wi th  pump 
tests i n  1978, con t inu ing  wi th  
i n j e c t i o n  tests (Leak-off tests, Frac- 
tests, etc. ) 8 i n t e r p r e t e d  by SCHXDEL c 

(1987), and s l u g  tests ( l a s t  s l u g  test 
performed i n  1990). An important  
r e s u l t  - p r e s s u r e  dependant 

STOBER (1984)t STOBER (1987) and JUNG 

t r a n s m i s s i v i t y  of t h e  rock - h a s  been 
deduced from t h e s e  a f t e r  t h a t  s e v e r a l  
tests w e r e  r e i n t e r p r e t e d  by GTC Passau 
i n  1990 (GTC, 1992). 

s l u g  tests c o n s i s t s  i n  f i l l i n g  up 
t h e  w e l l  t o  t h e  t o p  and observ ing  t h e  
descending w a t e r  l e v e l  as a f u n c t i o n  
of time. N o  head p r e s s u r e  b u i l d s  up. 
The measurements of w a t e r  l e v e l s  
ve r sus  t ime  permi ts  t h e  i n t e r p r e t a t i o n  
of hydrau l i c  parameters  l i k e  
t r a n s m i s s i v i t y ,  c o e f f i c i e n t  of s t o r a g e  
and s k i n  f a c t o r .  

During i n j e c t i o n  tests f l u i d  a t  
cons t an t  f l o w  r a t e  is  i n j e c t e d  i n t o  a 
packer i n t e r v a l  of  t h e  w e l l .  Thus, 
head p r e s s u r e s  w i l l  i n c r e a s e  wi th  
t ime. s topp ing  t h e  i n j e c t i o n  w i l l  
r e s u l t  i n  a p r e s s u r e  decrease .  The 
i n t e r p r e t a t i o n  of t h e  measurements of  
head p res su res  and i n j e c t i o n  rates 
ve r sus  t ime  y i e l d  hydrau l i c  parameters  
f o r  t h e  rock  w i t h i n  each packer  
i n t e r v a l .  Addi t iona l  models of  
hydrau l i c  cond i t ions ,  e.g. f r a c t u r e  
geometr ies ,  w i th in  t h e  t e s t e d  depth  
i n t e r v a l  can  b e  deduced f r o m  t h e  
r e g i s t r a t i o n s .  Three models are 
presented:  

GRINGARTEN e t  a l .  (1974) c o n s i d e r s  a 
v e r t i c a l  f r a c t u r e  a t  de f ined  l e n g t h  
and wi th  i n f i n i t e  permeabi l i ty .  The 
i n t e r p r e t a t i o n  of t h e  measurements 
y i e l d  informat ion  on t h e  f r a c t u r e  
geometry and on t h e  t r a n s m i s s i v i t y  
of t h e  rock  a d j a c e n t  t o  t h e  
f r a c t u r e  . 
CINCO e t  a l .  (1978) t a k e s  an  

v e r t i c a l  f r a c t u r e  wi th  de f ined  
pe rmeab i l i t y  i n t o  account .  The d a t a  
e v a l u a t i o n  r e s u l t s  i n  a 
t r a n s m i s s i v i t y  of t h e  f r a c t u r e  as 
w e l l  as  of t h e  rock  and i n  t h e  
f r a c t u r e  geometry. 

With t h e  approach of ARGAWAL e t  a l .  
(1979) it is  p o s s i b l e  t o  i n t e r p r e t  
measurements a f f e c t e d  by borehole  
s t o r a g e  and s k i n  f a c t o r s .  The 
r e s u l t i n g  a q u i f e r  parameters  
( t r a n s m i s s i v i t y ,  c o e f f i c i e n t  of  
s t o r a g e )  r e p r e s e n t  a combination of  
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i.e. 49.5 MPa t o  51.2 MPa downhole 
p re s su re ,  w i t h i n  t h e  open h o l e  
s e c t i o n .  

f r a c t u r e  and rock c h a r a c t e r i s t i c  
v a l u e s  . 

These models w e r e  a p p l i e d  t o  s tudy  
h y d r a u l i c  t r a n s m i s s i v i t i e s  e s s e n t i a l l y  
of t h e  open h o l e  Urach I11 
( d i a t e x i t e ) ,  where tempera ture  logs  
and s t r u c t u r a l  d a t a  i n d i c a t e d  
f r a c t u r e d  zones (3325 m d e p t h ) ,  and 
secondary  of  t h e  rock  behind cased  
bo reho le  s e c t i o n s ,  where f r a c t u r e s  
(Frac-Tests) w e r e  induced through 
P e r f o r a t i o n s  (Pl: 3259-3264 m, P2: 
3271-3274 m, P3: 3293-3298 m, P4: 
3290-3300 m (1983)). 

During s l u g  tests i n  Urach I11 
(und i s tu rbed  w a t e r  l e v e l  a t  80 - 90 m 
dep th )  a maximum volume of 2.5 m3 
w a t e r  f lowed i n t o  t h e  rock.  Thus, t h e  
tests a f f e c t e d  t h e  basement rock 
volume i n  n e a r e s t  v i c i n i t y  of t h e  
bo reho le  ( abou t  10 c m  i n  r a d i u s )  a long  
t h e  open h o l e  s e c t i o n .  S lug  tests w e r e  
performed i n  1982, 1984 and 1990. The 
ave rage  t r a n s m i s s i v i t y  de r ived  from 
t h e s e  tests w a s  of  1.5+10'6 m2/s. N o  
s i g n i f i c a n t  change i n  t r a n s m i s s i v i t y  
h a s  been observed wi th  time as  w e l l  as 
w i t h  deepening of t h e  w e l l .  

On t h e  o t h e r  s i d e ,  dur ing  each 
i n j e c t i o n  test m o r e  t h a n  100 m3 of  
w a t e r  have been p r e s s u r i z e d  through 
t h e  w e l l  i n t o  t h e  rock  and head 
p r e s s u r e s  b u i l t  up. Thus, a volume of 
rock  of some meters t o  some t e n  meters 
i n  r a d i u s  around t h e  borehole  w a s  
a f f e c t e d  by t h o s e  tests. Clear 
d i f f e r e n c e s  i n  t r a n s m i s s i v i t i e s  
deduced from tests wi th  head p r e s s u r e s  
less and more t h a n  170 b a r  w e r e  
observed ( F i g . 1 ) .  The t r a n s m i s s i v i t i e s  
i n c r e a s e d  a b r u p t l y  from 0.35*10'6 m2/s 
t o  3*1Oo6 m2/s r e s p e c t i v e l y .  The 
o b s e r v a t i o n  showed t h a t  170 b a r  head 
p r e s s u r e  is  a c r i t i ca l  p r e s s u r e  value:  
f o r  head p r e s s u r e s  l a r g e r  t han  170 b a r  
j o i n t s  open and t h e  rock  d i l a t e s  and 
f o r  head p r e s s u r e s  less than  170 b a r  
j o i n t s  close a g a i n ,  Le .  t h e  rock 
behaves e l a s t i c a l l y .  Th i s  ovse rva t ion  
might imply t h a t  t h e  minimum p r i n c i p a l  
stress i s  reached  a t  about  170 b a r  
( e q u i v a l e n t  t o  17 ma) head p res su re ,  

T r a n s m i s s i v i t i e s  r e s u l t i n g  from 
i n j e c t i o n  tests a t  low head p r e s s u r e s  
(head p res su res  less t h a n  170 b a r  fo r  
100 m3 i n j e c t e d  volume) and 
t r a n s m i s s i v i t i e s  r e s u l t i n g  from s l u g  
tests (2.5 m3 i n j e c t e d  wi thout  head 
p r e s s u r e )  w e r e  expected t o  n e a r l y  
equa l  each o t h e r .  An exp lana t ion  f o r  
t h e  incons i s t ency  of  t h e s e  v a l u e s  is  
t h a t  t h e  rock i n  t h e  n e a r e s t  v i c i n i t y  
of t h e  borehole  w a l l  i s  more 
t r ansmiss ive  ( d r i l l i n g  induced 
f r a c t u r e s  etc.) t h a n  a l a r g e  rock  
volume around t h e  borehole  a f f e c t e d  by 
i n j e c t i o n  tests. 

TrmrmlrsMly 10-6 (mU5) 
6 INJECTION TESTS - INTERPWTATION 1991 

47 108 160 180 106 170 206 210 200 290 310 360 
maxlmum head pfesrura (bar) 

Fig.1: I n t e r p r e t a t i o n  of  t r a n s -  
m i s s i v i t i e s  of t h e  basement rock  a t  
Urach 111, determined wi th  t h e  
s t r a i g h t  l i n e  method. 

F u r t h e r  h y d r a u l i c  i n v e s t i g a t i o n s  
concerned c i r c u l a t i o n  tests. The l a c k  
of a second HDR w e l l  a t  Bad Urach 
r e s u l t e d  i n  one borehole  c i r c u l a t i o n  
test: huff  puff experiment.  The 
i n j e c t i o n  occured through t h e  annulus  
and t h e  p e r f o r a t i o n s  P1 - P3 whi le  
e x t r a c t i o n  took  place through t h e  
tub ing  . Huff puff  experiments  were 
performed i n  1979 (bot tom h o l e  a t  
3334 m dep th )  (DIETRICH, 1983) and i n  
1983 (bottom h o l e  a t  3488 m dep th )  
(DIETRICH & NETH, 1987). 
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1 2  c i r c u l a t i o n  tests were 

performed i n  1979 and t h r e e  huff puff 
experiments  w e r e  completed a f t e r  
deepening of t h e  borehole  i n  1983. 
Tracer tests confirmed t h e  hydrau l i c  
c o n t a c t  between t h e  p e r f o r a t i o n  
i n t e r v a l  and t h e  open ho le .  While 74% 
of  t h e  i n j e c t e d  f l u i d  could  be 
recovered  d u r i n g  c i r c u l a t i o n  test 11 
i n  1979, o n l y  23% w e r e  rega ined  i n  
1983. Two e x p l a n a t i o n s  f o r  t h i s  
r e d u c t i o n  i n  e x t r a c t i o n  were given: 
- Secondary stresses b u i l t  up which 

- Flow p a t h s  w e r e  c l o s e d  by s c a l i n g  
had t o  be surmounted a d d i t i o n n a l l y ,  

e f f e c t s  . 
However, t h e  i n j e c t i o n  tests of 

1983 do n o t  show any worsening of t h e  
t r a n s m i s s i v i t y  of t h e  whole permeable 
bo reho le  s e c t i o n .  While mine ra log ica l  
and chemica l  r e a c t i o n s  of rock from 
Urach I11 i n  c o n t a c t  w i t h  water 
(ALTHAUS, 1982) w e r e  a l r e a d y  analysed,  
w e  l a c k  on d e t a i l e d  informat ion  on 
t e c t o n i c  stresses a t  Urach t o  
unders tand  and s i m u l a t e  a complete HDR 
c i r c u l a t i o n  system. The fo l lowing  
c h a p t e r  Focuses on i n v e s t i g a t i o n s  and 
in fo rma t ions  on t h e  stress f i e l d  i n  
t h e  area of  Bad Urach and p resen t  
f u t u r e  s t u d i e s  f o r  t h e  de te rmina t ion  
of t e c t o n i c  stresses based on t h e  
a n a l y s i s  of  bo reho le  geometry d a t a  and 
performance of h y d r a u l i c  f r a c t u r i n g  
stress measurements. 

EVALUATION ON STRESS 

The a n a l y s i s  of t h e  borehole  
geometry of t h e  w e l l  Urach 111 r e v e a l s  
t h a t  b reakou t s  e x i s t  below 1900 m 
dep th  ( B L ~ I N G ,  1986) .  The 
o r i e n t a t i o n s  of breakouts  are  very  
c o n s i s t e n t  w i t h i n  t h e  depth  i n t e r v a l  
1900 m t o  3334 m (N83"E as deduced 
from c a l i p e r  d a t a ) .  In addition t o  
t h e  a n a l y s i s  of  c a l i p e r  d a t a ,  Borehole 
Televiewer (BHTV) d a t a  w e r e  a v a i l a b l e  
f o r  e v a l u a t i o n  i n  t h e  deepened w e l l ,  
down t o  3488 m. The borehole  breakouts  
a t  t h e s e  d e p t h s  w e r e  as c o n s i s t e n t  i n  
d i r e c t i o n  as t h e  above ones (GTC, 

1992) and are e q u a l l y  o r i e n t e d  (N82"E) 
(F ig .2 ) .  No v e r t i c a l  f r a c t u r e s  w e r e  
observed i n  t h e  whole borehole  down t o  
3488 m depth.  

3300 

3350 

3400 

3450 

3500 

N E S 
0 30 60 90 120 150 180 

I I 

82" 
GTC Kappelmeyer Gmbl 

Fig.2: Breakout d i r e c t i o n  w i t h  depth,  
borehole  Urach I11 

The c o n s t a n t  breakout  d i r e c t i o n s  
wi th  depth  sugges t  t h a t  t h e  
e longa t ions  of t h e  bo reho le  cross 
s e c t i o n s  w e r e  stress induced.  As known 
from geo log ica l  d e s c r i p t i o n  of c o r e  
samples (DIETRICH, 1983") and rock 
mechanical l a b o r a t o r y  tests (RUMMEL et  
a l . ,  1983),  t h e  basement of t h e  s i t e  
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magnitudes of the  t h r e e  p r i n c i p a l  
stresses is: 

s h  5 Sv 5 S H  (w i th  Sv t h e  
ver t ica l  overburden, Sh and SH t h e  
minimum and maximum h o r i z o n t a l  stress 
r e s p e c t i v e l y ) .  

of  Urach c o n s i s t s  of n e a r l y  i s o t r o p i c  
and homogeneous pa ragne i s  and 
d i a t e x i t e  . These r e s u l t s  are important  
t o  conclude  from breakout  o r i e n t a t i o n s  
t o  stress d i r e c t i o n s .  Breakouts 
occur ing  i n  a w e l l  v e r t i c a l l y  d r i l l e d  
i n t o  homogeneous and i s o t r o p i c  rock 
are i n t e r p r e t e d  t o  develop i n  t h e  
d i r e c t i o n  pe rpend icu la r  to t h e  maximum 
p r i n c i p a l  h o r i z o n t a l  stress ( t h e  
ve r t i ca l  bo reho le  a x i s  be ing  another  
p r i n c i p a l  stress d i r e c t i o n  wi th  t h e  
overburden as  magnitude) (BELL 6i 
GOUGH, 1979) .  Thus, t h e  maximum 
h o r i z o n t a l  stress d i r e c t i o n  a t  Urach 
is  of N172"E (F ig .3 ) .  

GTC Kappelmeyer Gmbt 

Fig.3:  Breakout  O r i e n t a t i o n  from B H W  
d a t a  (3334-3488 m dep th )  wi th  
i n t e r p r e t e c  d i r e c t i o n  of max. ho r i z .  
stress SHmax 

Th i s  d i r e c t i o n  r e s u l t e d  a s  w e l l  
f r o m  i n t e r p r e t a t i o n s  of  f o c a l  
mechanisms (TURNOVSKY C SCHNEIDER, 
1982) .  F a u l t  p l a n e  s o l u t i o n s  from 
seismic e v e n t s  on t h e  Swabian Alb i n  
v i c i n i t y  of Urach, w i t h i n  a r a d i u s  of 
5 0  km, reveal a pu re  s t r i k e  s l i p  
t e c t o n i c  regime i n  t h i s  area 
(TURNOVSKY, 1981; LANGER, 1986).  It 
follows t h a t  t h e  r e l a t i o n  between t h e  

To o b t a i n  s o m e  re l iab le  v a l u e s  on 
stress, eva lua t ions  of hydrau l i c  
f r a c t u r i n g  stress measurements 
(hydro f racs )  are e f f i c i e n t  t o  d e f i n e  
t h e  l e a s t  h o r i z o n t a l  stress magnitude 
(Sh) .  I n  t h e  w e l l  Urach 111, t h e  
e v a l u a t i o n  of  a s i n g l e  hydrof rac 
experiment a t  3350 m depth  determined 
t h e  minimum h o r i z o n t a l  stress t o  be  of  
t h e  o r d e r  of 4 0  - SO MPa (MeSy, 1991).  
Th i s  v a l u e  i s  s u r p r i s i n g l y  c o n s i s t e n t  

t h e  p r e s s u r e  a t  which wi th  
t r a n s m i s s i v i t i e s  rise a b r u p t l y  (see 
above) .  Based on t h e  knowledge of  t h e  
minimum h o r i z o n t a l  stress, e v a l u a t i o n s  
on t h e  maximum h o r i z o n t a l  stress 
magnitude (SH) are poss ib l e .  But 
e s s e n t i a l  d i f f i c u l t i e s  ex i s t  i n  
d e f i n i n g  i n  s i t u  pore  p r e s s u r e  and 
breakout  widths  a t  Urach 111. Thus, 
e v a l u a t i o n  on t h e  l a r g e r  stress v a l u e  
r ange  from about  equa l  o r  s l i g h t l y  
smaller t h a n  t h e  c a l c u l a t e d  overburden 
p r e s s u r e  (Sv = ca. 88 MPa) ( MeSy I 
1991) to more t h a n  100 ma. 

I n  any case, a v a l u e  of SH l a r g e r  
t h a n  the overburden is in agreement with t h e  
i n v e s t i g a t i o n  on t h e  stress regime 
based on f a u l t  p l ane  s o l u t i o n s .  

Cur ren t ly ,  t h e  most common 
t echn ique  of measuring deep i n  s i t u  
stresses is  hydrau l i c  f r a c t u r i n g .  An 
a d d i t i o n a l  method may be provided by 
t h e  phenomenon of borehole  breakouts  
where it occurs  (HAIMSON C HERRICK, 
1986) .  I f  a c o r r e l a t i o n  could  b e  
determined t o  e x i s t  between breakout  
dimensions and p r i n c i p a l  stress 
magnitudes,  a p o t e n t i a l l y  powerful 
t echn ique  of  e s t ima t ing  i n  s i t u  
stresses could  evolve.  S t u d i e s  on t h e  
e v a l u a t i o n  technique  of t e c t o n i c  
stresses and t h e  de te rmina t ion  of t h e  
stress f i e l d  i s  t h e  aim of stress 
i n v e s t i g a t i o n s  a t  Urach 111. 
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For this analysis, the least 
principal stress should be known, i.e. 
some more (in the order of 10) 
reliable hydraulic fracturing stress 
measurement at Urach I11 have to be 
performed. Analysing borehole cross 
sections by recording breakout width 
and breakout depth, and applying the 
observations to analytical solutions 
for the stress distribution around a 
hole intersecting an isotropic and 
homogeneous medium, future studies 
will result in the most accurate 
.evaluation on the maximum horizontal 
stress and finally the three 
dimensional stress distribution. 

CONCLUSION 

Tectonic stress orientations in 
the area of Bad Urach were interpreted 
from borehole geometry data and fault 
plane solutions. The direction of the 
maximum horizontal stress has been 
determined to be N172'E. 

Poor information exists on 
tectonic stress magnitudes. 
Interpretation of hydraulic 
transmissivities (abrupt increase in 
transmissivity from 0.35*10'6 m2/s to 
3*10'6 m2/s at 170 bar head pressure) 
and hydraulic fracturing stress 
measurements provide nearly the same 
conclusion on the minimum horizontal 
stress magnitude at about 3350 m 
depth: sh is about 50 MPa. For the 
reliable determination of stress 
distribution with depth, the single 
hydrofrac stress measurement is 
obviously insufficient. More stress 
measurements will be completed after 
deepening the borehole Urach 111 once 
more to 4500 m in 1992 (more than 
1000 In open hole section) . 
Additionnally, detailed analyses on 
borehole geometry data will be 
realized. Thus, the deepening of the 
well provides the unique opportunity 
of an accurate evaluation on tectonic 
stresses at Urach. Future results will 
show the consistency with stress 
values we know today. 
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