
LBL—13101 
DE86 013586 

W LBL-13101 
SAC-46 
UC-70 

FRACTURE AND HYDROLOGY DATA 
FROM FIELD STUDIES AT STRIPA, SWEDEN 

iflllHfff 
Department of Earth Sciences s | - S | = ' != " " 

Memorial Un ivers i ty » - = -
St. John 's , Newfoundland 

Canada, A1B 3X5 | I I I ? ' | I 5 I 

iirbff i 
Prepared for | f t . t B-„ j g g Lawrence Berkeley Laboratory -s! hgssas, 

University of California 3 g-5 5 S < I 3 | § 
Berkeley, Cal ifornia 94720 * S ? f S si 1 1 « 

IHIiiili 

ssftllill 

This work was supported by the Assistant Secretary of Nuclear Energy, 
Uffice of Civilian Waste Management of the U.S. Department of Energy 
under contract DE-AC03-76SF00098. Funding for this project is 
administered by the Office of Crystalline Repository Development 
at Battelle Memorial Institute. 

Dismeumn or ms avcuman is UVLINHTEB-I 



i i i 

PREFACE 

This r e p o r t is one of a se r i es documenting the r e s u l t s of the Swedish-American coope ra t i ve research 
program in which the coope ra t i ng s c i e n t i s t s exp lo re the g e o l o g i c a l , g e o p h y s i c a l , h y d r o l o g i c a l , geo-
chem ica l , and s t r u c t u r a l e f f e c t s a n t i c i p a t e d f rom the use of a l a rge c r y s t a l l i n e rock mass as a geo log ic 
r e p o s i t o r y f o r nuc lear waste. Th is program has been sponsored by the Swedish Nuclear Power U t i l i t i e s 
through the Swedish Nuclear Fuel Supply Company (SKBF), and the U.S. Department of Energy (DOt) through 
t i e Lawrence Berke ley L a b o r a t o r y . 

The p r i n c i p a l i n v e s t i g a t o r s are L .B. N i l s son and 0. Oegerman f o r SKBF, and N.G.W. Cook, 
P.A. Wi therspoon, and J . E . Gale f o r LBL. Other p a r t i c i p a n t s w i l l appear as authors of the i n d i v i d u a l 
r epo r t s. 

Prev ious t e c h n i c a l r e p o r t s in t h i s se r i es are l i s t e d below. 

1 . Swedish-American Cooperat ive Program on R a d i o a c t i v e Waste Storage in Mined Caverrs by 
P.A. Witherspoon and 0. DegermanT (LBL-7049, SAC-01). 

2. Large Scale P e r m e a b i l i t y Test o f the Gran i t e in the S t r i p a Mine and Thermal C o n d u c t i v i t y Test uy 
Lars Lundstrom and Haken S t i l l e . (LBL-7052, SAC-02). 

3. The Mechanical P r o p e r t i e s o f the S t r i p a G r a n i t e by Graham Swan. (LBL-7074, SAC-03). 

4 . S t ress Measurements i n the S t r i p a G r a n i t e by Hans Ca r l s son . (LBL-7078, SAC-0s). 

5. Borehole D r i l l i n g and Rela ted A c t i v i t i e s at the S t r i p a Mine by P . J . K u r f u r s t , T. Hugo-Persson, 
and G. Rudolph. (LBL-7080, SAC-05). 

6 . A P i l o t Heater Test i n the S t r i p a Gran i t e by Hans Ca r l s son . (LBL-7086, SAC-06). 

7. An A n a l y s i s o f Measured Values f o r the S ta te o f S t ress in the E a r t h ' s Crust by Dennis B. Jamison 
and N e v i l l e G.W. Cook. ( L f l L - W l , SAC-07). 

8 . M in ing Methods Used in the Underground Tunnels and Test Rooms at S t r i p a by B. Andersson and P.A. 
Halen. (LBL-7081. SAC-08). 

^- T h e o r e t i c a l Temperature F i e l d s f o r the S t r i p a Heater P r o j e c t by T. Chan, N e v i l l e G.W. Coot., and 
C.F. TsafxT ( ' .BL-7082, SAC-09). 

*0 • Mechanical and Thermal Design Cons ide ra t i ons f o r R a d i o a c t i v e Waste R e p o s i t o r i e s in Hard Rock. 
P l i r t 1 : An App ra i sa l of Hard Rock f o r P o t e n t i a l Underground R e p o s i t o r i e s of R a d i o a c t i v e WasTe 
by N.G.w. Cook; Par t I I ; In S i t u Heat ing Exper iments in Hard Rock: The i r O b j e c t i v e s and Design 
by N.G.W. Cook and P.A. WitherspoorT (LBL-7073, SAC-10). 

r u11 -5 c ale and Time-Scale; Heat ing Exper iments at S t r i p a : P r e l i m i n a r y Resu l ts by N.G.W. Cook dni 
".. Ho~c^: (LBL-7072, SAC-11). 

Geochemistry and Iso tope Hydro logy of Groundwaters in the S t r i p a G r a n i t e : Resu l t s and P r e l i m i n a r y 
I n t e r p r e t a t i o n by P. F r i t z , J . F . Barker , and J . E . Ga le . (LBL-8285, SAC-12]^ 

e l e c t r i c a l Heaters f o r Thermo-Mechanical Tests at the S t r i p a Wine by R.H. B u r l e i g h , E.P. B i n n a l l , 
A.O. DuSois, D.O. Norgren , and A.R. O r t i z . [LBL-7063, SAC-13). 

D.Ua A c q u i s i t i o n , Hand l i ng , and D i sp lay f o r the Heater Exper iments at S t r i p a by Maurice B. McEvoy. 
TTBL-"7063", SAC-1 4 ) . 

An Approach to the F r a c t u r e Hydro logy at S t r i p a : P r e l i m i n a r y Resu l ts by J . E . Gale and P.A. Wi ther -
spo'on"." -(T BL -7079, SAC-15) . 

P r e l i m i n a r y Report on Geophysical and Mechanical Borehole Measurements at S t r i p a by P. Nelson, 
B. Pau lsson, R. R a c h i e l e , L. Andersson, T. Schrau f , W. H u s t r u l i d , 0 . Duran, and K.A. Magnussen. 
(LBL-828U, SAC-16). 

Observa t ions of a P o t e n t i a l S i z e - E f f e c t i n Exper imenta l De te rmina t ion o f the Hyd rau l i c P r o p e r t i e s 
o f F rac tu res by P.A. Wi therspoon, C.H. Amide, J . E . Ga le , and K. I w a i . {LBL-8571, SAC-17). 

Rock Mass C h a r a c t e r i z a t i o n f o r Storage in Nucler Waste in Gran i t e by P.A. Wi therspoon, P. Nelson, 
T. Doe, R. Thorpe, B. Pau lsson, J . E . Ga le , and C. F o r s t e r . {IB1T857D, SAC-IB). 

F rac tu re De tec t i on i n C r y s t a l l i n e Rock Using U l t r a s o n i c Shear Waves by K.H. Waters, S.P. Palmer, 
and W.F. F a r r e l l . (LBL-7051, SAC-15). 

11. 

1?. 

18. 

19. 



IV 

20. Characterization of Discontinuities in the Stripa Granite--Time Scale Heater Experiment by R. Thorpe. 
(LBL-7083, SAC-20). 

21. Geology and Fracture System at Stripa by A. Okliewicz, J.E. Gale, R. Thorpe, and B. Paulsson. 
lLBL-8907, SAC-21}. 

2?. Calculated Thermally Induced Displacements and Stresses for Heater Experiements at Stripa by 
T. Chan and N.G.W. Cook. (LBL-7061, 5AC-22). " 

23. Validity of Cubic Law for Fluid Flow in a Deformable Rock Fracture by P.A. Witherspoon, J. Wang, 
K. Iwai, and J.E. Gale. ILBL-9557, 5AC-23). 

24. Determination of In-Situ Thermal Properties of Stripa Granite from Temperature Measurements in 
the Full-Scale Heater Experiments: Methodsjind Primary Results by J. Jeffry, T. Chan, N.G.W. Cook 
and P.A. Witherspoon. (LBL-8424, SAC-24). 

25. Instrumentatiun L.aluation, Calibration, and Installation for Heater Tests Simulating Nuclear 
Waste in Crystalline Rock, Sweden by T. Schrauf, H. Pratt, E. Simonsnn, W. Hustrulid, P. Nelson, 
A. DuBois, E. Bir.siall, and R. Haught. (LBL-8313, SAC-25) 

26. Part I: Some Results From a Field Investigation of Thermo-Mechanical Loading of a Rock Mass When 
Heater Canisters are EmpUced in the"Rock by M. Hood. Part II: The Application of Held Data from 
Heater Experiments Conducted at Stripa, Sweden for Repository Design by M. Hood, H. Carlsson, and 
P.H. Nelson. (LBL-9392, SAC-26). 

27. Progress with Field Investigations at Stripa by P.A. Witherspoon, N.G.W. Cook, and J.E. Gale 
"UBL-10559, SAC-27). 

28. A Laboratory Assessment of the Use of Borehjle Pressure Transients to Measure the Permeability 
7jf Fractured Rock Masses by C.B. Forster and J.E. Gale. (LBL-8674, SAC-28). 

29. Thermal and Thermomechanical Data for In Situ Heater Experiments at Stripa, Sweden by T. Chan, 
I. Binnall, P. Nelson, 0. Wan, C. Weave--, K. Ang, J. Braley, and M. McEvoy. (TBT^11477, SAC-29). 

30. The Effect of Radon Transport in Groundwater Upon Gamma Ray Borehole Logs by P.H. Nelson, 
R. Kachiele, and A. Smith. (LBL-11180, SAC~30T-

31. Strength and Permeability Tests on Ultra-Large Stripa Granite Core by R. Thorpe, D.J. Watkins, 
W.E. Ralph, R. Hsu, and S. Flexs~er~; (LBL-11203, SAC-31). 

32. Ultrasonic and Acoustic Emission Results from the Stripa Heater Experiments. Part I: A Cross-Hole 
Investigation of a Rock Mass Subjected to Heating by B.N.P. Paulsson and M.S. King. Part II: 
Acoustic EmissiorPfonitoring During Cool-Down of the Stripa Heater Experiment by R. Rachiele. 
UBL-10975, SAC-32). 

33. Numerical Modeling to Assess Possible Influence of the Mine Openings on Far-Field In Situ Stress 
Measurements at Stripa by T. Chan, V. Guvanasen, and N. Littlest -̂ ne (LBL-12469, SAC-33). 

34. A Field Assessment of the Use of Borehole Pressure Transients tc Measure the Permeability of 
Fractured Rock Masses by C.B. Forster and J.E. Gale. (LBL-11929, SAC-34). 

35. Water Inflow into Boreholes During the Stripa Experiments by P.H. Nelson, R. Rachiele, J.S. Remer 
and H.b. Carlsson.—ILBL-l^b/4, SAl-Jb). 

36. Petrology and Radiogeology of the Stripa Pluton by H. Wollenberc S. Flexser, and L. Andersson. 
(L6L-11654, SAC-36). 

37. Geohydrological Data from the Macopermeability Experiment at Str pa, Sweden by C.R. Wilson, 
J.C.S. Long, R.M. Galbraith, K. Karasaki, H.K. Endo, A.O. DuBois. M.J. McPherson, and 
G. kamqvist. {LBL-12520, SAC-37). 

38. Characterization of Discontinuities in the Stripa Granite--Ful1- cale Heater Experiments by 
B.N.P. Paulsson, P.H. Nelson, and P.J. Kurfurst. O-BL-9063, SAC WT-

39. Application of Borehole Geophysics at an Experimental Waste 5tor-ge Site by P.H. Nelson, 
K.A. Magnusson, and R. Rachiele."" (LBL-11982, SAC-39). 

40. Laboratory Investigations of Thermomechanical Properties of Stri a Granite by L. Myer 
and K. Rachiele. (LBL-13435, SAC-40) 

41. Petrologic Changes and Damage in the Stripa Quartz Monzonite in i esponse to Heater Tests 
by S. Flexser, H. Wollenberg, and D.E. Wedge. (L3L-14929, SAC-4177 



V 

42. Fracture Mapping in the Venti lation Dr i f t at Str ipa: Procedures and Results by A. Rouleau, 
J.E. Sale, and J. Baleshta: (LBL-13071, SAC-42). 

43. Thermal Analysis of the Stripa Heater Test Data from the Full Scale Dr i f t by I . Javandel and 
P.A. Uitherspoon. (LBL-53217, 5AC-4JK 

44. In Situ Stress Measurements at the Stripa Wine, Sweden by T.W. Doe, K. Ingevald, L. S t r inde l l , 
B. Leijon, V. Hustrui id, t . Majer, and H. Carlsson. O-Bl-15009, SAC-44). 

45. Fracture Detection in Crystall ine Rock Using Ultrasonic Reflection Techniques by S.P. Palmer. 
(LBL-16347, 5AC-45T: — 

46. Fracture and Hydrology Data from Field Studies at Str ipa, Sweden by J.E. Gale. (LBL-13101, 
5AC-46). 

47. Equipment Design, Ins ta l la t ion , and Operation for the Macropermeability Experiment at Str ipa, 
Sweden by R. I . Balbraith, C.R. Wilson, A.O, DuBois, S.A. Lundqren, M.J. McPherson and G.M. 
West. (LBl-13392, SAC-47). 

48. Effects of Sample Size on the Stress Permeability Relationship for Natural Fractures by 
J.E. Gale and K.G. Raven. [LBL-11865, SAC-48). 

49. Progress with Hydroqeoloqical Characterization of the Stripa Site by J.E. Gale, A. Ro.,;eau, 
P.A. Witherspoon ano1 C.R. Wilson. (LBl-14878, 5AC-49). 

50. Extensometer Performance Durinq Heater Experiments at Stripa by A.O. DuBois, M. Hood, 
E.P. Binnall and L. Andersson. (LBL-13531, SAC-50). 

51. Seismic Velocities and Attenuation in a Heated Underground Granitic Repository by B.N.P. 
Paulsson (L81-I6346 1/2, SAC-51 >. 

52. Characterization of the Fracture System at Stripa with Emphasis on the Ventilation 
Dr i f t by A. Rouleau and J. E. Gale. (LBL-14875, SAC-52). 



vii 

TABLE OF CONTENTS 
Page 

LIST OF FIGURES ix 
LIST OF TABLES xiii 
ABSTRACT xv 
1. INTRODUCTION 1 

1.1 Background 1 
1.2 Objective and Scope 3 
1.3 General Geology and Borehole Locations 4 
1.4 General Comments on the Hydrological Setting of 

the Stripa Site 6 
2. FRACTURE DATA 25 

2.1 Introduction 25 
2.2 Core Logging Procedures 25 

2.2.1 Determining Relative Fracture Orientations . . . 25 
2.2.2 Core Reconstruction and Fracture Happing . . . . 27 
2.2.3 Characterization of Fracture Surfaces 29 

2.3 Oata Processing, Coding and Verification 
Procedures 35 

2.4 Types and Format of Available Data 43 
2.5 Summary 47 

3. BOREHOLE PACKER INJECTION AND WITHDRAWAL TESTS 49 
3.1 Introduction 49 
3.2 Data Collection and Transfer Procedures 50 

3.2.1 Data Collection Procedures 50 
3.2.2 In-situ Pore Pressure Measurement 61 
3.2.3 Injection Testing 62 
3.2.4 Pulse Testing 64 

3.3 Data Processing Procedures 65 
3.3.1 Types of Raw Data Available 65 
3.3.2 Data Reorganization, Coding and Storage 65 
3.3.3 Processing of Data from Surface and 

Subsurface Boreholes 74 
3.4 Preliminary Data Analysis 75 

4. CLOSURE 97 
ACKNOWLEDGMENTS 101 
REFERENCES 103 



viii 

Page 
APPENDICES 107 

A-l Coded Fractured Data File For Borehole R3 107 
6-1 Hydrology Testing Data Inventory 113 
B-2 Hydrology Testing Procedures 139 

B-2.1 Introduction 140 
B-2.2 Equipment Preparation Prior to Testing 140 
B-2.3 Equipment Calibratioi 141 
B-2.3 Surface Hydrologic Testing Procedures 143 

B-3 Hydrology Data Files 147 
B-3.1 Subsurface Boreholes, 2-m and 4-m 

Interval Tests 148 
8-3.2 Subsurface Boreholes, Single Fracture Tests . . . . 171 
B-3.3 Surface Boreholes, 2-m and 4-m 189 
B-3.4 Surface Boreholes, Single Fracture Tests 203 
B-3.5 Surface Boreholes, 6 to 7-m Interval Tests . . . . 221 

B-4 Selected Test Results, Porous Media Hydraulic 
Conductivities, Equivalent Single Fracture Apertures, 
etc., for all of the Boreholes Tested 227 



LIST OF FIGURES 
Page 

1.1 Block diagram of fracture hydrology program at Stripa . . . 2 
1.2 General geology and hydrology borehole locations (squares 

are 50 meters on a side) 5 
1.3 Location and orientation of subsurface hydrology boreholes . 7 
1.4 Plan view of the experiment areas 340 m underground at 

Stripa, showing locations of horizontal and vertical 
boreholes. All experiments are in granite 9 

1.5 Single transducer probe for in-situ pressure measurements . 10 
1.6 Results of fracture and pressure measurements in SBH-1 . . . 12 
1.7 Results of fracture and pressure measurements in SBH-2 . . . 13 
1.8 Results of fracture and pressure measurements in SBH-3 . . . 14 
1.9 Results of pressure measurements in borehole DbhV-1 at the 

410 m level (after Olkiewicz et al., 1978) 17 
1.10 Water levels in surface weils based on weekly water level 

measurements 18 
1.11 Water level variations in WT-3 based on weekly 

measurements 20 
1.12 Continuous water level record for WT-3 during spring 

runoff for the period of May 23rd to May 30th, 1979 21 
1.13 Continuous water level record for WT-3 during the late 

summer-fall period, i.e., September to October. Note the con­
tinuous decrease in water levels during this period 
in comparison to the more fluctuating record for the May 
period shown in Fig. 1.12 22 

1.14 Record of water pumped from heater boreholes H3 and 
H4 as part of the dewatering activities during time-
scaled heater experiment. See Fig. 1.4 for location of 
boreholes 23 

1.15 Record of water pumped from selected boreholes in the 
full-scale heater experiment site as part of the de-
watering activities during the full-scale experiment. See 
Fig. 1.4 for location of boreholes 24 



X 

Page 
2.1 Angles a and a and the reference line (after Goodman, 

1976) 26 
2.2 Core indentor 28 
2.3 Measurement of a and S angles 30 
2.4 Classification of the form of the fracture surface 32 
2.5 Koughness classification after Piteau (1971) 34 
2.6 Fracture data sheet 36 
2.7 Drill record sheet 37 
2.8 txample of drill core record made from Polaroid 

photographs 44 
2.9 Example of 35-mm black and white photograph of drill core . 45 
2.10 35-mm color photograph of drill core 46 
3.1 Schematic of surface and borehole hydrology testing 

equipment 53 
3.2 Schematic of downhole testing equipment 54 
3.3 Schematic of surface testing equipment 56 
3.4 S:hematic of data acquisition system 60 
3.5 Example of strip chart record for an injection test . . . . 63 
3.6 txample of data sheet used in recording injection test 

results 66 
3.7 Flow from cavity to fracture 77 
3.8 Preliminary data on flowrates, porous media hydraulic 

conductivities, and equivalent single fracture apertures 
from packer testing in borehole Rl 78 

3.9 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fractu.e apertures 
from packer testing in borehole R2 79 



Page 
3.10 Preliminary data on flowrates, porous media hydraulic 

conductivities, and equivalent single fracture apertures 
from packer testing in borehole R3 80 

3.11 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole R4 81 

3.12 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole R5 82 

3.13 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole R6 83 

3.14 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole R7 84 

3.15 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole R8 85 

3.16 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole R9 86 

3.17 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole RIO 87 

3.18 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole HG-2 88 

3.19 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole HG-3 89 

3.20 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole HG-4 90 

3.21 Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole HG-5 al 



xn 

Page 
3.22 Preliminary data on porous media hydraulic conductivities 

and equivalent single fracture apertures from packer 
tests in borehole S8H-1 92 

3.23 Preliminary data on porous media hydraulic conductivities 
and equivalent single fracture apertures from packer 
tests in borehole SBH-2 93 

3.24 Preliminary data on porous media hydraulic conductivities 
and equivalent single fracture apertures from packer 
tests in borehole SBH-3 94 



x i i i 

LIST OF TABLES 

Page 

1.1 Survey data 8 

1.2 I n - s i t u pressures measured in SBH-1 dur ing d r i l l i n g . . . . 15 

1.3 I n - s i t u pressures measu- A in SBH-2 during d r i l l i n g . . . . 15 

1.4 I n - s i t u pressures measured in SBH-3 during d r i l l i n g . . . . 16 

3.1 Schedule of hydrology t e s t i n g at S t r i pa 51 

3.2 Flowrate measuring ranges 59 



XV 

ABSTRACT 

The purpose of this report is to present the basic fracture and 
hydrology data collected as part of the joint LBL-KBS fracture hydrology 
program at Stripa, Sweden. A detailed description of the fracture-core 
logging and hydrology borehole testing procedures is included as well as 
a description of how the fracture and hydrology data were coded and 
organized. Based on this coding a series of computer data files for the 
fracture and hydrology Dorehole data have been constructed and these are 
described in detail. The fracture data file for one borehole is pre­
sented as an example in an appendix along with all of the raw and some 
partially processed and analyzed fracture hydrology data files. A 
detailed description of how this data will be analyzed to develop a 
thorough understanding of the fracture system and hydrogeologic charac­
teristics of the Stripa site is presented. 
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1. INTRODUCTION 
1.1 Background 

The overall fracture hydrology program at Strioa is descr oed "y 
Gale and Witherspoon (1979) and consists of five basic field components 
(Fig. 1.1). These components are (1) calculations of directional perme­
abilities. (2) analysis of the groundwater geochemistry and isotopes, (3) 
tracer tests, (4) an underground ventilation experiment to measure in-situ 
seepage and (5) pump tests. Data obtained from each of the five components 
will be synthetized and integrated through the use of numerical flow and 
transport models. 

Fracture hydrology field studies started in late 1977 and were 
terminated in early 1980. Preliminary results of the fractu'" hydrology 
program at Stripa are documented in the following reports and papers: 
Gale and Witherspoon (1979), Forster and Gale (1979), Forster and Gale 
(1981), Gale and Raven (1980), Gale et al. (1979), Witherspoon et al. 
(1979a), Olkiewicz et al (1979), Fritz et al. (1979a), Fritz et al . 
(1979b), Fritz et al. (1979c), Andrews et al. (1980), Fritz et al. (1980), 
Witherspoon et al. (1979b), Witherspoon et al. (1980), and Witherspoon et 
al. (1981). Other summary papers appear in various conference and workshoo 
proceedings. 

As part of this field program we have conducted an extensive series 
of borehole measurements and observations. These include (1) in-situ pore 
measurements during drilling, (2) measurements of the variation in water 
lev'els in boreholes open at the surface, (3) water outflow measurements 
from instrument and heater boreholes in conjunction with the thermal 
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F i g . 1 .1 . Block diagram of f r ac tu re hydrology program at S t r i p e . 
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experiments, (4) measurement of the water pressures and flow rates, during 
both injection tests in surface boreholes and withdrawal and injection 
tests in the subsurface boreholes, from discrete boreholes intervals that 
were isolated using packer assemblies, (5) measurement of water level 
changes versus time during pumping out tests in several surface water 
wells and (6) detailed description of the fracture planes intersected by 
the drillcore and measurement of the relative orientations of the frac­
tures. These measurements provide the data base that will be used to 
develop an understanding of the physical hydrogeology of the Stripa site. 

1.2 Objective and Scope 
In this report the techniques and tools used to obtain and the proced­

ures used to process the fracture and hydrology data into computer files 
are described. The fracture and hydrology data from each borehole and 
testing activity are summarized in the main body of the report, and a 
complete record of all of the measurements is given in the appendices. 
Only a very preliminary analysis and discussion of the data have been 
attempted in this report. Detailed analysis and interpretations is a 
subject for future reports. A brief discussion of the geology of the 
Stripa site is included to provide an understanding of the structural 
setting and lithologic variation in the Stripa area. Preliminary data on 
the pore pressures in the rock mass, water table variations, and dewatering 
associated with the thermal experiments are also presented to give the 
reader some appreciation for the general hydrological characteristics of 
the Stripa site. 
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1.3 General Geology and Borehole Locations 
The Stripa mine, located in south central Sweden, is an iron ore mine 

in which mining operations stopped in 1977. Excavations for the thermal 
and hydroloqy experiments have been mined in a medium grained granite under 
the north limb of an easterly plunging syncline of metamorphic rocks. The 
geoloqy of the site has been described by Olkiewicz et al. (1979). Figure 
1.2 shows the distribution of outcrops in the immediate area of the test 
excavations and the location of the hydrology boreholes. The test excava­
tions projected into plan view in Fig. 1.2 are located anproximately 338 
meters below the ground surface. 

The surface boreholes consist of six water table wells, WT-1 throuqh 
WT-6, a pump test well WT-7 (also a water table well), and three lonq 
inclined boreholes SBH-1, SBH-2 and SBH-3 (Fig. 1.2). SBH-1 is an oDen, 76 
mm dian.eter, diamond corehole, 385 meters in length that angles downward at 
45 degrees and nasses over the top of the test excavations and terminates 
at approximately the 290 meter level. SBH-2, also diamond cored, was 
drilled from the west toward the test excavations. This borehole is 365 
meters in lenqth, anqles downward at 52 deqrees and terminates in the 
position shown in Fig. 1.2 at approximately the 290 meter level. SBH-3, 
315 meters in lenqth, also diamond cored, is drilled from the north at an 
anqle of approximately 50 deqrees south towards the test excavations, 
terminating in the position shown. All three inclined surface horeholes 
were oriented to optimize their intersection with the major fractures 
sets. 
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Fig. 1.2. General geology and hydrology borehole locations (squares 
are 50 meters on a side). 
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The subsurface hydrology boreholes ( F i q . 1.3) are located at the north 

end of the tes t excacat ions. This qroup of boreholes are a l l diamond 

coreholes, 76 mm in diameter, and 30 meters in lenq th , except R-l and R-6 

which are 40 meters in lenq th . The survey data fo r each borehole is qiven 

in Table 1 .1 . 

The overa l l layout of the subsurface hydrology boreholes wi th respect 

to the loca t ion and o r i e n t a t i o n of boreholes fo r the thermal-mechanical 

experiments are shown in F i q . 1.4. 

1.4 General Comments on the Hydroloqical Set t ing of the St r ipa S i te 

The most s i q n i f i c a n t per turbat ion of the hydroloqic reqime at S t r ioa 

has been that produced bv excavations made durinq the i ron-ore min inq. 

Mininq s tar ted as an open p i t operat ion some 400 years aqo and continued as 

an underqround operat ion for about the las t 40 years . In the i n i t i a l 

phases of the S t r ipa proqram i t was proposed that the mine had acted as a 

major d r a i n , decreasinq the pore pressures in the surrounding rock mass. 

Thus the i n - s i t u pore pressures were measured dur inq the d r i l l i n q of the 

three surface w e l l s , SBH-1, SRH-2 and SBH-3. 

Measurement of the i n - s i t u pore pressures was accomplished by stoppinq 

the d r i l l i n q every 20 to 30 meters, removinq the d r i l l rods, lowerinq 

a s ing le packer to w i t h i n S to 10 meters of the bottom of the borehole, 

i n f l a t i n g the packer and hence seal ing o ' f a sect ion at the bottom of the 

borehole. The i n - s i t u pore-pressure in t h i s c a v i t y was monitored, using a 

s t r a i n gauge transducer-packer assembly (F i g . 1 .5) , u n t i l the cav i t y 

pressure approximated a steady-state cond i t i on . 
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Fig. 1.3. Location and orientation of subsurface hydrology boreholes. 



TABLE 1.1 SURVEY DATA 

COORDINATES 
HOLE TOP OF HOLE 
No. X Y I 

R 1 384 .122 9 7 « . 8 6 3 333. 134 
B 2 3 8 4 . 0 8 9 970 .53B 333 . 148 
B 3 3 8 4 . 0 8 7 9 7 8 . 9 8 1 3 3 6 . 3 7 8 
B U 3 8 4 . 0 9 7 9 7 6 . 5 7 7 336 .496 
F 5 3 8 4 . 1 2 5 9 7 « . 3 6 3 3 3 6 . 3 6 8 
R 6 3 6 4 . 1 1 6 9 7 H . 5 8 3 333 .089 
a 7 3 6 4 . 0 9 9 9 7 8 . 1 9 2 333 . 135 
R R 3 6 4 . 0 8 9 9 7 8 . 7 3 2 336 .405 
R 9 3 6 4 . 1 0 6 9 7 6 . U 2 1 3 3 6 . 6 8 8 
R 10 36U.119 9 7 4 . 2 5 7 3 3 6 . 4 0 2 
HG-1 3 8 6 . 2 2 0 9 7 6 . 5 9 3 334 .376 
HG-2 3 8 5 . 9 8 8 977 .U56 332 . 6P3 
HG-3 3 8 5 . 8 6 7 9 7 8 . 2 3 9 335 .211 
HG-4 3 8 5 . 7 8 8 9 7 5 . 7 7 6 3 3 5 . 8 9 5 
HG-5 3 8 6 . 0 0 3 971*.888 3 3 3 . 5 1 8 
SEH-1 U82 .6 1 169.1* 2 1 . 7 3 1 
SBH-2 3 6 3 . 5 6 6 2 . 3 2 6 . 6 5 7 
SEH-3 6 7 4 . 4 1 0 0 1 . 2 2 9 . 138 
5 - 1 3 3 0 . 8 8 5 971*.287 336 .970 
S-2 3 3 2 . 7 9 9 9 7 4 . 9 6 8 337 .196 

MINE SYSTEM DIRECTION 
30TT0M OF HOLE TRUE NORTH 

1 Y Z BEARING PLUNGE 

384 .345 9 4 8 . 9 4 6 3 0 2 . 4 3 8 2 6 0 . 5 • 5 0 . 0 
3 8 3 . 8 8 1 9 9 7 . 3 9 6 3 1 0 . 6 5 4 8 0 . 6 + 5 0 . 0 
383 .809 1 0 0 7 . 2 1 5 3 4 6 . 6 2 0 8 0 . 6 - 1 9 . 9 
3 8 4 . 0 7 2 9 7 6 . 6 5 4 3 6 6 . 6 0 5 9 8 . 0 - 8 9 . 8 
384 .353 946 .110 3 4 6 . 6 6 6 2 6 0 . 5 - 2 0 . 0 
364 .479 9 4 8 . 8 9 5 3 0 2 - 4 4 7 2 6 0 . e • 5 0 . 0 
363 .933 9 9 7 . 2 8 2 3 1 0 . 2 6 7 8 0 . 5 • 5 0 . 1 
3 6 3 . 7 8 0 1007 .006 3 4 6 . 5 5 3 8 0 . 6 - 1 9 . 7 
364 .078 9 7 6 . 3 7 9 3 6 6 . 7 2 2 2 2 6 . 3 - 8 9 . 9 
3 6 4 . 4 2 3 9 4 6 . 0 0 6 3 4 6 . 6 1 4 2 6 0 . 6 - 1 9 . 9 
416 .204 9 7 6 . 6 2 9 3 3 4 . 3 8 3 3 5 0 . 1 0 . 0 
4 1 2 . 8 3 6 9 8 3 . 7 3 8 3 2 1 . 0 1 7 3 . 2 • 2 2 . 9 
4 1 2 . 8 9 3 9 8 9 . 7 5 1 3 4 1 . 4 8 0 1 3 . 1 - 1 2 . 0 
4 1 2 . 7 9 9 9 6 9 . 5 3 6 3 4 7 . 7 8 8 3 3 7 . 0 - 2 3 . 1 
4 1 2 . 9 5 7 9 6 4 . 0 2 9 3 2 6 . 0 4 1 3 2 8 . 1 + 14 .4 
3 4 0 . 2 9 3 0 . 2 2 8 5 . 4 2 2 9 . 2 - 4 3 . 5 
3 2 6 . 9 9 0 2 . 4 2 9 0 . 4 8 8 . 7 - 4 7 . 4 
4 6 4 . 2 9 5 4 . 2 2 5 9 . 6 1 8 2 . 6 - 4 6 . 9 
347 .060 9 4 5 . 5 7 8 3 5 9 . 8 3 9 2 8 9 . 4 - 3 4 . 8 
3 4 8 . 6 9 9 9 4 6 . 2 1 7 3 5 9 . 9 7 7 2 8 8 . 9 - 3 4 . 7 
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Fig. 1.4. Plan view of the experiment areas 340 m underground at 
Stripa, showing locations of horizontal and vertical 
boreholes. All experiments are in granite. 
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Fig. 1.5. Single transducer probe for in-situ pressure measurements. 
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The in-situ pore pressures for SBH-1, SBH-2 and SBH-3 are plotted in 
Figs. 1.6, 1.7, ond 1.8. The data used to construct these figures are 
tabulated in Tables 1.2, 1.3, and 1.4. In Fig. 1.9 we have reproduced 
a plot of the in-situ fluid pressures measured by the Swedish Geological 
Survey (Olkiewicz, et al., 1978) in the deep borehole drilled from the 410 m 
level, DbhV-1. 

SBH-1 shows that the fluid pressure increase with the depth, in the 
borehole test intervals, does not follow the hydrostatic pressure line 
indicating that a strong downward gradient exists, starting at about 100 m 
below the ground surface. In SBH-2 no measurements were made, during the 
drilling, below the 100-m leve 1. However the data from SBH-3 show pres­
sures less than hydrostatic starting at the surface. Overall the strong 
downward gradients confirm the expected draining effect of the old mine 
workings. However the flowing borehole at the 410-m mine level and the 
overall gradients in DbHV-1 (Fig. 1.9) suggest that groundwaters from a 
deep flow system are discharging upward into the mine. 

In addition to measuring the in-situ fluid pressures during drilling, 
seven water table wells described in the previous section, were drilled in 
the area above the test excavations (Fig. 1.2). The water levels in each 
well were measured every week using a water level tape. These data, for 
all seven wells, have been plotted in Fig. 1.10. In addition, Stevens F 
water level recorders were placed on four of the water table wells. All of 
the recorders experienced float problems and this, combined with a lack of 
trained personnel, resulted for the most part in very incomplete and 
unreliable records. Well No. WT-3 based on weekly water level measurements 
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Fig. 1.6. Results of fracture and pressure measurements in SBH-1. 
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F i g . 1.7, Results of f r ac tu re and pressure measurements in SBH-2. 
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hig. 1.8. Results of fracture and pressure measurements in SBH-3. 
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TABLE 1.2 IN-SITU PRESSURE MEASURED IN SBH-1 DURING DRILLING 

lole Length 
* in 

Mine "7" 
* 

Pressu^p, 
Psi 

kPfl 

47.4 53.0 55 379 
47.0 52.5 54 373 
57.3 60.0 68 471 
82.9 80.2 91 627 

104.6 96.8 114.0 785 
124.3 111.9 126 868 
ISO.5 132.0 127 875 
170.2 147.1 236 1,626 
187.5 160.3 145 999 
200.1 169.9 140 964 
216.0 182.2 206 1,419 
231.8 194.3 100 689 
250.8 208.8 129 889 
270.1 224.4 136 937 
299.1 245.8 60 413 
329.4 269.0 248 1,709 
368.5 299.0 250 1,723 
339.4 276.7 217 1,495 

* Cavity Mid point 

TABLE 1.3 IN-SITU PRESSURE MEASURED IN SRH-? nimiw WILLING 

* * 
Hole Length, m Mine "Z", m Pressure, psi Pressure kPa 

47.43 53.03 55.0 378.9 
46.98 52.47 54.2 373.4 
S7.32 60.61 68.4 471.2 
82.9 80.21 91.0 626.9 

104.6 96.83 114.0 785.3 
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TABLE 1.4 IN-SITU PRESSURES MEASURED IN SBH-3 DURING DRILLING 

NTERVAL HID POINT IN-SITU PRESSURE IN-SITU PRESSURE 

(M) (Psi) (kPa) 

26.65 7.03 48.81 
39.9 19.78 136.38 
50.2 31.94 220.22 
71.4 53.22 366.93 
79.8 74.29 512.20 
99.65 53.66 369.97 
147.95 106.94 737.31 
157.5 115.69 797.64 
166.5 125.91 868.11 
177.9 137.63 948.91 
180.8 146.13 1007.52 
194.0 153.28 1056.81 
199.2 158.95 1095.91 
210.3 - -
224.2 182.49 1258.2 
235.35 196.08 1351.90 
257.4 221.94 1530.20 
269.0 233.54 1610.18 
274.6 240.69 1659.47 
285.95 - -
296.8 258.28 1780.75 
306.6 221.34 1526.06 

* At Cavity Mid Point 
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Fig. 1.9. Results of pressure measurements in borehole DbhV-1 at 
the 410 m level (after Olkiewicz et al., 1978). 
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Fig. 1.10. Water levels in surface wells based on weekly 
water level measurements. 
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provided the best overall record (Fig. 1.11) and as shown in Figs. 1.12 and 
1.13 exhibited rapid variations in water levels on a daily basis. The 
daily water level variations in WT-3 were significantly different during 
spring runoff (Fig. 1.12) than during the late summer periods (Fig. 1.13). 
The water levels in all of the wells rose during periods of rainfall, but 
the exact position of the water table could not be determined because as 
the wells were deepened there was a corresponding drop in the water levels. 
This also indicates that the pore pressures in the rock mass have been 
reduced by drainage into the mine excavations. However, despite the 
reduced pore pressures the rock mass appeared to be saturated. 

Around the immediate test area the groundwater gradient, as will 
be shown in Chapter 3, was directed into the excavations. The resulting 
groundwater inflows required continuous dewatering of the heater and 
instrument holes (Fig. 1.4) during the thermal-mechanical experiments. A 
record was maintained of the volume of water pumped from each borehole and 
the time at which it was pumped during this dewatering activity. These 
inflow data, presented in Figs. 1.14 and 1.15 for selected boreholes, give a 
reasonable measure of the volumes of water flowing through the fractured 
granite at Stripa. 

The in-situ pressures from both surface and subsurface boreholes, the 
water table data, and the dewatering records will be subjected to a de­
tailed analysis in future reports that will deal with the hydrogeology of 
the Stripa site. These data have been presented here to provide some 
limited background for the presentation of the fracture and injection-
withdrawal hydrology data. 
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Fig. 1.11. Water level variations in WT-3 based on weekly 
measurements 
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Fig. 1.I2. Continuous water level record for WT-3 during spring 
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Fig. 1.13. Continuous water level record for WT-3 during the late summer-
fall period, i.e., September to October. Note the continuous 
decrease in water levels during this period in comparison to 
the more fluctuating record for the May period shown in Fig. 1.12. 
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Fig. 1.14. Record of water pumped from heater boreholes H3 and H4 as part of 
the dewatering activities during time-scaled heater experiment. 
See Fig. 1.4 for location of boreholes. 
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Fig. 1.15. Record of water pumped from selected boreholes in the fu l l -scale 
heater experiment site as part of the dewatering act iv i t ies 
during the fu l l -scale experiment. See Fig. 1.4 for location of 
boreholes. 
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2. FRACTURE DATA 
2.1 Introduction 

Since the central component of the fracture hydrology proqram is the 
calculation of directional permeabilities from measured fracture orienta­
tions, SDacinqs, and apertures, considerabTe attention has been devoted to 
the characterization and mapping of the fracture system at the Stripa test 
site. Basic data on fracture orientations, fracture spacinqs, fracture 
lenqths and the surface characteristics of the fr set lire planes, includinq 
any mineral infillings or coatinqs, have been obtained bv mappinq the 
surface and sub-su"face exposures (Olkiewicz et al ., 1979; Rouleau et al., 
1981). Additional data on fracture orientations, SDacinqs and surface 
characteristics have been obtained by loqqinq the drill core and conductinq 
TV camera surveys of selected boreholes. 

In this chapter the procedures used to orient, reconstruct, and loq 
Liie drni cure ar'- described. In addition tne mapping and codinq proce­
dures for the drill core data are described using examples of the coded 
data. Examples from selected drill cores are qiven in Appendix A-l. 

2. 2 Core Loqqinq Procedures 
2.2.1 Petermininq Relative Fracture Orientations 
Fractures may be considered as planar features whose orientation in 

space can be fully described by two angular measurements. If a borehole 
intersects a fracture Diane the resultinq trace of the fracture on the 
borehole wall and on the core surface will be circular (if the fracture is 
perpendicular to the borehole). Fiqure 2.1 shows a section of core with an 
elliptical trace generated by the intersection of the borehole with the 
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Fig. 2.1. ngles a and 3 anc1 the reference line (after Goodman, 19/6). 
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fracture plane (P plane). Also shown in Fig. 2.1 are the major and minor 
axes of the elliptical trace. Measurement of angles a (angle between the 
core axis and major axis of ellipse) and B (angle measured clockwise around 
the core in the & plane from the reference line to the dip side of the 
major axis of the ellipse) can be used to describe the orientation of a 
fracture with respect to a reference line drawn parallel to the core c s. 
Knowing the bearing and plunge of tne borehole (thus the orientation of the 
reference line) one can determine the strike and dip of the fracture plane 
from a and (S data using techniques described by Goodman (1976). Values of 
a and u may also be determined by direct observation of the fracture trace 
on the borehole walls using borehole television or borehole periscope 
equipment. 

2.2.2 Core Reconstruction and Fracture Mapping 
To obtain fracture orientation data from borehole cores where natural 

reference planes (such as regular foliation or bedding) are unavailable one 
must first obtain a reference line that will be parallel to the core 
axis. 

A reference line may be obtained in a variety of ways, including core 
scribing, core indenting, taking an impression of the core stub, and paint 
marks on the core (Goodman, 1976). In all of these cases an inclined hole 
is required for the marking techniques to allow determination of the lower 
side of the hole. This is where the reference line is drawn. Cores 
obtained from inclined holes in this study werj marked with a simple core 
indentor (Fig. 2.2). This indentor was " vered on a wireline to the bottom 
of the hole at the end of each core run. When the hole bottom was reached, 
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Fig. 2.2. Core indentor. 
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the indentor was raised several feet then released. This allowed the 
indentor to slide along the lower side of the borehole and indent the lower 
side of the face of the core stub. As each core run was removed from the 
hole the following steps were performed: 

1. The split triple-tube was opened and a preliminary reference line 
was drawn on the core pari lei to the edge of one half of the 
triple tube using a felt pen. This permanently shows the rela­
tive position of each core section as it came from the barrel. A 
split PVC pipe was then placed on top of the core and securely 
taped to the lower split tube. 

2. The core was then rotated so that it sat in the split PVC pipe 
and the split-tube was removed. 

3. The top piece of core was rotated in the pipe so that the inden­
tation on the core was adjacent to the side of the PVC pipe. 
Each subsequent piece of core was then rotated so that the 
surfaces of each core section mated properly. 

4. Once the core was considered to be properly reconstructed, a 
final reference line (representing the lower side of the hole) 
was drawn on the core. The core was now ready for determining 
the values of a and p for each fracture. Angles were measured 
with a simple goniometer as shown in Fig. 2.3. B angles were 
measured using a strip of mylar with 0-360° markings also shown 
in Fig. 2.3. 

2.2.3 Characterization of Fracture Surfaces 
Both surface and internal characteristics of fractures were logged. 

These characteristics included: 
1. Distinction between natural fractures and fractures induced 

during drilling, 
2. distinction between open and closed fractures and where possible 

an estimation of aperture, 
3. definition of the form of the fracture surfaces, 
4. definition of the roughness of the fracture surfaces, 
5. definition of any weathering present on fracture surfaces, 
6. identification and description of fracture fillings, and 
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7. description of the rock containinq the fracture. 

Many of these characteristics can be observed in both periscope and T.V. 

loqqinq procedures. However, the most complete data are obtained from rock 

cores in which fractures can be opened to see details of their surface and 

internal characteristics. The following is an outline of fracture plane 

characteristics that were determined by core loqginq techniques. More 

detailed information can be found in ISRM Commission on Standardization of 

Field and Lab Tests (1978) and Piteau (1971). 

Natural fractures can usually be readily distinquished from breaks 

induced by drillinq. Induced breaks will appear fresh, qenerally at 90 

deqrees to the core axis and irregular in surface character. In contrast, 

natural fractures often will be weathered, siicken-sided oi contain gouqe. 

Closed fractures are fractures which are visible in the core and 

have sufficient cohesion not to have been opened durinq drillinq. Open 

fractures may have surfaces which mate very closely or they may have very 

poorly matinq surfaces. The poorer the deqree of mating, the greater the 

effective aperture of the fracture (thus the greater the opportunity for 

fluid flow). 

The form of the fracture surfaces can be described as planar, curved 

(undulating) or irreqular (stepped) (Fiq. 2.4). These distinctions assist 

in determining the oriqin and continuity of each fracture and are used in 

conjunction with the followinq rouqhness classification. 

The rouqhness classification used in this study was based on that 

outlined by Piteau (1971). Thus, fracture surfaces are considered to range 
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Fig. 2.4. Classification of the form of the fracture surface. 
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from rough to smooth or si icken-sided where s i i cken-s iden ind icates cleat-

evidence of previous shear displacement alonq the f r ac tu re (i i. 2 . 5 ) . 

Fracture surfaces may appear f resh to very weathered dependinq on 

t h e i r depth below ground surface and the deqree of qroundwater movement. 

Iron sta ins and a s l i q h t l y worn appearance suqgests moderate to hiqh 

weathering of the f r ac tu re sur face. 

Fracture f i l l i n q s or qouqe consist of mater ia ls derived from breakage 

of the country rock , a l t e r a t i o n products, p r e c i p i t a t i o n s from f l u i d s or 

i n t rus ions of iqneous ma te r i a l s . The type, co lo r , thickness and hardness 

are noted. The gouqe or f i l l i n g type can be recorded w i th symbols such as 

K f o r c a l c i t e , Ch f ^ r c h l o r i t e e tc . Gouqe thickness can be measured w i th 

an ord inary r u l e r . Hardness is determined according to the f o l l ow inq 

c l a s s i f i c a t i o n by Piteau (1971). 

A set of imple mechanical tes ts based on the physical proper t ies of 

rock is set i n to es tab l i sh c l a s s i f i c a t i o n of t he i r hardness, and the 

symbols are t orded. with considerable experience and tes t background, 

and usinq thr f i n g e r s , a pocket k n i f e , and geoloqical p ick , the complete 

range of c l o s s i f i c a t i o n in the f i e l d can be establ ished as f o l l ows : 

51 Very s o f t : Easi ly molded in f i n g e r s ; shows d i s t i n c t heelmarks. 

52 Sof t : "taulds in f i ngers wi th strong pressure; f a i n t heelmarks. 

53 Firm: Very d i f f i c u l t to mould in f i n q e r s ; d i f f i c u l t to cut wi th 
hand spade. 

54 S t i f f : Cannot be moulded in f i n g e r s ; cannot be cut w i th hand 
spade and requires hand-picking fo r excavat ion. 

55 Very s t i f f : Very touqh and d i f f i c u l t to move wi th handpick; 
requires pneumatic spade for excavat ion. 
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Category Degree of Roughness 

1 51i L).ensideri Surfaces 

2 SrooU' 

3 Defined Steps 

4 Small Steps 

5 Very Rough 
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F ig . ? .5 . I .yhness c l a s s t f t e a t ion a f t e r Piteau (1971). 
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Rl Very soft rock: Material crumbles under firm blows with a sharp 
end of a geological pick and can be peeled off with a knife; it 
is too hard to cut a triaxial sample by hand. 

R2 Soft rock: Can just be scraped and peeled with a knife; indenta­
tions 1/16 in. to 1/8 in. show in the specimen with firm blows of 
the pick point. 

R3 Hard rock: Cannot be scraped or peeled with a knife; hand held 
specimen can be broken with a hammer end of a geological pick 
with a single firm blow. 

R4 Very hard rock: Hand-held specimen breaks with hammer end of 
pick under more than one blow. 

R5 Very, very hard rock: Specimen requires many blows with geo­
logical pick to break through intact material. 

In this study three basic groupings were used to describe the hardness 
of the gouge and infilling material. Soft (S), which includes SI, and S2, 
medium hard (MH), which includes S3, S4, and S5, and hard (H), which 
includes Rl and R2. The rock containing the fracture is described by 
determining the 1ithology, hardness (see above) and internal structural 
features. 

2.3 Data Processing, Coding and Verification Procedures 
Standard forms for core logging and recording basic drilling data 

(Figs. 2.6 and 2.7)were used. About 10 to 15 individuals were involved in 
logging the hydrology boreholes. Attempts were made to minimize the 
individual's variation in the core logging process by overlapping the 
loggers as much as possible at the beginning and end of each shift. 
Despite these efforts one must expect differences in the fracture logging 
between loggers, especially in determining roughness and hardness. 

The raw fracture data were transferred directly from the logging sheets 
used at the drill site to a computer file. Because of the need to provide 
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Location 

Location : SBH 1 Date: 77/11/08 Drill crew: Goran Jonsson Logger: G.M. 
TIME CORE 

INTERVAL 
BIT 
PRESSURE 

WATER 
PRESSURE 

BIT INFORMATION WATER 
DEPTH 

GENERAL INFORMATION TIME CORE 
INTERVAL 

BIT 
PRESSURE 

WATER 
PRESSURE TYPE No. TIME CHANGE 

WATER 
DEPTH 

GENERAL INFORMATION 

7:25 379.84 26 20 0 100 98291 771108 33.20 Start 
8:30 uptake 
9:45 382.00 core on surface 

11:20 start 
11:35 uptake 
12:45 382.05 core on surface 

Fin . 2.7 D r i l l Record Sheet 
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a complete d r i l l i n g record , each computer record s tar ted wi th a f l a g . I f 

the f l a g is 11 then the record contains f rac tu re data, i f the f l a g is 22 

the record contains data on the d r i l l - r i g schedule, performance, e t c . , when 

the f l a g is 33 the record contains comments about e i ther the logging 

or d r i l l i n g ope ra t i on , when the f l a g is 44 the record contains data on 

core lengths, e t c . , and when the f l a g is 55 the recora contains core and 

d r i l l i n g data, dates, l o c a t i o n , core box no . , name of logger, e t c . 

The spec i f i c coding and record format fo r each record type ere out­

l ined below. For the f r ac tu re data recora, i . e . , wi th f l ag of 11 , tt.c 

f o l l ow ing coding and format was used; 

Parameter Format Column 

Flag 12 1-2 

Depth F10.3 3-12 

Descr ipt ion of St ra ta 3A4 13-24 

Fracture Type 
1-Natural 
2-Induced 12 25-26 
3-Uncertain 

Fracture Condit ion 
1-Open 
2-Closed 12 27-28 
3-0ther 

Fracture Plane 
Charac te r i s t i cs 

1-Planar 
2-Curved 12 29-30 
3 - I r regu la r 

Fracture Roughness 
(1-5 mm) [2 31-32 

weathering A4 33-36 
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Gough Type A4 37-40 
Colour A4 41-44 
Thickness A4 45-48 
Hardness A4 49-52 

Rela t ive Or ienta t ions 
-Beta F 50 53-57 
-Alpha F 50 58-52 

Comments 4A4 63-78 

The d r i l l data record (Flag 22) used the fo l l ow ing format ; 

Parameter Format Column 

Flag 12 1-2 

Time (h r . min) 2F4.0 3-10 

Core In te rva l 2F6.2 11-22 

Bi t Pressure F5.2 23-27 

Water Pressure F5.2 28-32 

Bit Information 3A4 33-44 

Water Depth F5.0 45-49 

Informat ion 7A4 50-78 

Comment cards (Flag 33) have the fo l l ow ing fo rmat ; 

Parameter Format Column 

Flag 12 1-2 

Comments 18A4 3-74 

Core Data cards (Flag 44) have the fo l l ow ing format; 

Parameter Format Column 

Flag 12 1-2 

Core Interval 2F10.2 3-22 
Measured Core F10.2 23-32 
Interval 
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Numbei of Core 14 33-36 
Pieces 

Sample Recover> F5.2 37-41 
oercert 

Core i covery F5.2 42-46 
Percet .. 

Mean ( j r e Length F5.1 47-51 

Sum ot Core Length F5.1 52-56 

Comnu s 5A4 57-76 

Core id d r i l l i n g data records (Flag 55) have the fo l low ing 
forma , 

Paramt .er Format Column 

Flag 12 1-2 

Date 312 3-8 

Boreh e No. A4 9-12 

Core t ix No. A4 13-16 

D r i l l .rew 10A4 17-56 

Logger 4A4 F7-72 
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Symbols and abbreviations that commonly appear in each record are: 
(1) for colors, 
Green = GR White = WH 
Brown = BR Black = BL 
Yellow = Y Blue = BE 
Red = RE Grey = GY 
Black, Green and White BGW 
and Bl. ack, Yellow and White = BYW 

Calcite = CA 
Chlorite = CL 
Mica = MI 
Pyrite = PY 
Clay = CY 
Sand = SD 

and (2) for mineral infillings and coatings; 
Epidote = EP 
Flouite = FL 
Iron (oxides) - FE 
Quartz - QT 
Sulphur = SU 
Silt = SI 
Feldspar = FD (most cases is microcline) 
Mica, Chloride Calcite = MCLA 
Sulphur, Feldspar, Chlorite = SFCL 
Chlorite, Calcite, Quartz = CLAQ 
Pyrite, Chlorite, Calcite = PCLA 
and Epidute, Chlorite, Calcite = ECLA 

In addition, when more than one fracture orientation value was given 
this is indicated by " " and the extra readings were given under a 
comment card flag. Comment cards were generally used if the logger felt 
that the orientation values were incorrect or if the space provided for a 
particular category was inadequate. 

The only way to verify the accuracy of the data from the logging 
of a drill-core is to have a different logger relog the core. Because of 
the tight drilling schedules at Stripa and the limited professional man­
power, relogging of the core was not feasible. In nearly all cases the 
f-acture and core loqqinq were checked each day hv a drill shift super­
visor. In order to minimize the number of errors that normally exist in 
transferring data from original field logging sheets to computer records, 
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the computer record was compared line by line to the original field records 
by a second individual who had not been involved in the original data 
coding and processing. 

Also, in addition to the basic fracture data, other core data col­
lected during the logging process included the following: 

(1) Core Interval: 
Given as the epth at which a drill run was started to the depth at 
which the dri I run finished. Depths are recorded to the nearest 
centimeter. ne length drilled can be determined by taking the 
difference be' veen the two depths. 

(2) Measured Core Interval: 
Thir. is the measured length of the sample recovered from the uptake 
of each drill r in. This length may be greater or less than the 
core interval Que to core stubs being left in the hole at the end 
of a coring run 

(3) Number of Core F eces: 
The number of pie ;es of solid core 

(4) Sample Recovery % 

c D _ Measured Ci -e Interval ,,,n 

O.K. - "~ ?—T -^ X iUU 
Core Inten il 

(5) Core Recovery %: 

C.R. = Sum of Core engths 
Core Interva 

(6) Mean Core Length: 
Sum of core lengths/rumbers of core pieces 

(7) Sum of Core Lengths: 
The sum of the lengths of the solid pieces of core. 
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Also, to ensure a reference for later work, a complete photographic 
record of the core was maintained. This is discussed in the next section. 

2.4 Types and Format of Available Data 
For each borehole a copy of the complete set of field fracture logging 

sheets are available either from the Stripa mine site, the Earth Sciences 
Division of the Lawrence Berkeley Laboratory (LBL), or from O.E. Gale of 
the Earth Sciences Department., Memorial University of Newfoundland (MUN). 
The complete set of computer coded fracture data files is also available 
from either LBL or MUN either in the form of computer printout (Appendix 
A-l) or on 9-track magnetic tape. 

In general the photographic record consists of black and white pola­
roid photographs of the core immediately after the core was removed from 
the triple tube core barrel, a 35 mm black and white photograph of each 
core box when it was filled with core, and a 35 mm color slide, taken after 
the core had been moved to the core storage building, of four or five core 
boxes grouped together. The polaroid photographs were immediately cut to 
form a continuous record of the core and fractures for the hydrology 
testing program. An example of part of this record is given in Fig. 2.8. 
Figures 2.9 and 2.10 show examples of the sort of detail available from 
both the '5-mm black and white photographs and the 35-mm color photographs. 
Copies of :he black and white 35-mm photographs are available from the 
Stripa mine and copies of the 35-mm color photographs are available from 
either MUN LBL. 



3tH 4 Sox. •*-« 
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F ig . 2.8 Example oi J r i l l Core Record Made f ro i - Polaro id Photographs 
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XBB 842-810 

Fiy. 2.9. Example of 35-mm black and white photograph of drill core. 



XBB 849-7346 
Fig . 2.10. Clack and white p r i n t nf 35 mm color photograph of d r i l l core. 
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2.5 Summary 
The fracture data file for borehole R3 is given as an example in 

Appendix A-l. The complete fracture data file, which is available on 
either computer cards or magnetic tape, contains 10,515 records or lines of 
data. The flags used to start each record and the coding and structure of 
the data files provide for ready sorting and analysis of the fracture. The 
survey coordinates given in Chapter 1 and the relative orientations given 
in the data file permit one to calculate the true orientations of the 
fractures. Thus the fracture data files as presented enable one to calcu­
late the statistics of fracture orientation and spacings. 
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3. BOREHOLE PACKER INJECTION AND WITHDRAWAL TESTS 
3.1 Introduction 

The hydraulic characteristics of fractured rock masses and the dif­
ferent methods of determining the permeability of fractured rocks as well 
as the conceptual framework for analyzing flow in fractured igneous and 
melamorphic rock masses have been discussed by Gale and Witherspoon (1979) 
and Gale (1980). The overall approach varies depending on whether one is 
attempting to determine the total flux through the system or determine the 
rate of movement of either water or a contaminant. In the disposal of 
nude •• waste one is directly concerned with radionuclide migration prob­
lems. It is reasonable to assume, when matrix hydraulic conductivities are 
10~12 cm/sec, that in fractured granitic and metamorphic rocks radio­
nuclide migration takes place through individual fractures. Thus one must 
pay particular attention to the structural geology and develop the hy­
draulic parameters for the rock mass from the level of the individual 
conduits, utilizing their statistics of orientation, spacing, continuity and 
aperture. 

As outlined by Gale and Witherspoon (1979) the fracture hydrology 
program at Stripa was designed to provide data on the hydraulic charac­
teristics of the fracture system such that when these data are combined 
with the fracture geometry data a more complete description of the fracture 
permeability of the rock mass will be possible. Central to this study was 
a systematic borehole packer injection-withdrawal test program. The main 
borehole testing program consisted of injection tests in the surface 
boreholes and injection-withdrawal tests in the subsurface boreholes using 
a 2-m packer spacing. In several boreholes a selected number of long 
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intervals (6 to 7-m packer spacings) and single fractures (0.5 to 0.8-m 
packer spacings) were also tested. The calendar periods during which each 
borehole was tested, the type of test performed, and the test method are 
given in Table 3.1. Appendix B-l gives a complete summary of the indivi­
dual boreholes tested, the number and type of tests attempted and the types 
of raw data available for each tests. This record shows that a total of 
433 two-meter interval injection and withdrawal tests were attempted. Also 
a total of 94 single fractures and a total of 29 six to seven-meter zone 
tests were attempted. The exact number of successful tests will not be 
known until each of the test results and records have been subjected to a 
detailr ' analysis. 

3. 2 Data Collection and Transfer Procedures 
In this section a brief outline of the data collection and data 

transfer procedures used are given. The procedures for testing the surface 
and subsurface boreholes differed slightly because of the test conditions 
encountered. A detailed step by step discussion of the procedures is given 
in Appendix B-2. 

3.2.1 Data Collection Procedures 
The basic set of equipment used for borehole packer tests is shown 

schematically in Fig. 3.1. The main components are the borehole probe-
packer unit, the electrical monitoring system, the flow rate measuring 
system, and other water supply and operating equipment. While a number of 
different borehole probe units were used to isolate the test cavities in 
the boreholes at Stripa, the basic borehole probe-packer assembly was 
similar to that shown in Fig. 3.2. This assembly consists of two packers 
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Table. 3.1 Schedule of hydrolnqy testing at Stripa. 

LENGTH OF TEST TEST TESTING 
ROREHOLE BOREHOLE TYPF* METHOD** DATE 

S-1 A l l 2m 0 25 May - 1 Jun '78 

S-2 A l l 2m 0 1 Jim - 7 Jun '78 

R-3 A l l 2m R 24 Jan - 15 Jun '79 

R-3 /111 S . F . B 3 May - 15 May '79 

R-4 A l l 2m B 27 Nov - 12 Dec '78 

R-4 A l l S . F . B 23 May - 28 Jun '79 

R-5 A l l 2m R 19 Feb - 28 Feb '79 

R-5 A l l S . F . R 21 May - 31 May '79 

R-6 A i l 4m 0 14 Jun - 26 Jun '79 

R-7 A l l 4m 0 5 Jun - 13 Jun '79 

R-8 A l l 2m F 29 Jun - 31 Jul '78 

R-8 AH S.F . B 6 Mar - 19 Apr '79 

R-9 A l l 2m F 14 Jul - 31 Jul '78 

R-9 A l l S.F . B 26 Mar - 4 Apr '79 

R-10 Al l 2m F 17 Jul - 3 Auq '78 

R-10 Al l S.F . B 6 Mar - 20 Mar '79 

HO-1 

HG-2 Al l 2m R 30 Nov - 12 Der '78 

HG- 2 Al l 2m R 20 Nov - 23 Nov '78 

HG-3 Al l 2m F 7 Auq - 24 Auq '78 

HG-3 Al l S . F . B 5 Anr - 20 Apr '79 

HG-4 Al l 2m F 8 Ann - 2? Auq '78 
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Table 3.1 (continued). 

LENGTH OF TEST TEST TESTING 
BOREHOLE BOREHOLE TYPE* METHOD** DATE 

HG-4 All S.F. B 24 Apr - 15 May '79 
HG-5 All 2m B 4 Jan - 25 Jan '79 
SBH-1 48-106 2m B 10 Sep - 27 Sep '79 

105-152 2m B 27 Oct - 9 Nov '78 
202-382 2m B 6 Sep - 16 Oct '78 

SBH-1 All 6-7m B 13 Nov - 23 Nov '79 
SBH-1 All S.F. B 12 Oct - 7 Nov '79 
SBH-2 21-355 2m F 10 Jun - 17 Oct '79 
S6H-3 All 2m F March ' 80 

In the "Test Type" column 2m refers to a 2m test interval, 6-7 m 
refers to tests intervals 6 or 7 meters in length and S.F. refers 
to intervals that contain a single fracture, usually about a .5m 
test interval. 

** Test Method refers to the method used to measure flowrates, i.e. F 
refers to positive displacement flow tanks, B, refers to the bubble 
injection line system and 0 refers to other methods usually used for 
outflow, or injection tests. 



* " q i 

Fig. 3.1. Schematic of surface and borehole hydrology testin 
equipment. 
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Fig. 3.2. Schematic of downhole testing - ,uipment. 
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and a probe olus the necessary connecting pipes and tuh inq . The packers 

are i n f l a t a b l e borehole seals that are i n f l a t ed wi th compressed n i t rogen . 

The two packers ire jo ined by a perforated steel pipe that allows water to 

f low from the packer mandrels into the tes t c a v i t y . The probe is bas i ca l l y 

a w-it.ertiqht case that holds three e lec t ron ic pressure transducers and a 

thermis tor . The feed-tnrouqh ports provide a means of feedinq nylon tubes 

in to the packer mandrels whi le maintaininq a qood pressure seal in the test 

c a v i t y . A reference point re fe- red to as the NRD is an a r b i t r a r y pos i t ion 

r.i the probe assembly used to determine the pos i t ion of the probe and other 

components in the borehole. The distance to t h i s point is ca l led the 

nominal reference depth or NRD. In near ly a l l of our tes t ing the pos i t ion 

of the P3 transducer port was chosen as the NRP. po in t . 

Compressed n i t roqen was del ivered to the packers by the nylon i n f l a ­

t i o n l i ne whi le wate1" oressure was de l ivered tu the test cav i t y by the 

nylon i n j e c t i o n l i n e . A mult iconductor cable provided transmission of 

input power to the probe and returned the output s iqnals to the surface. 

The prnbe assembly was raised and lowered in the hole by a 1.9 cm diameter 

steel pipe connected to the top of the probe. Surface or up-hole equipment 

useo to conduct i n j e c t i o n tests and oressure pulse tes ts is shown in F ig . 

3.3. This equipment consisted of the fo l l ow inq components: (1) Packer 

i n f l a t i o n system: A compressed ni t roqen bo t t l e provided qas pressure to 

i n f l a t e the packers. Packer pressure was cont roUed by valves on the 

con t ro l board and monitored by the adjacent qauqe. (2) Pulse p i s ton : A 

p is ton is placed on a T-connection in the i n j ec t i on l ine durinq tes t i nq of 

the subsurface boreholes such that the packer i n f l a t i o n pressure could be 

used to f i r e the p is ton . The piston was simply a small bu l l e t that t raveled 
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Fig. 3.3 Schematic of surface tr-sliii" equipment. 
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inside the tube when air pressure was applied. The piston then displaced a 
known volume of water, thus generating pressure pulse in the test cavity. 
(3) Flow tanks: A number of different si -e flow tanks were used. Water in 
the tanks was pressurized using compresse' nitrogen. The tank pressure was 
controlled while the downhole test cavity water pressure was monitored with 
a pressure transducer in the probe. A manoriiiter or differential transducer 
was used to monitor the change in water level in the tank over a specified 
time period. Tnese data were used to calculate the rate of water flow into 
the test cavity. Variations in tank pressure were controlled by a volume 
of air contained under the same pressure in a connected buffer tank. (4) 
Flow pistons: Flow pistons, which were used in testing several of the 
subsurface boreholes, have the same purpose as flow tanks however they 
operate in a somewhat different manner. Compressed nitrogen was used to 
apply pressure to the top side of the piston, which applied pressure 
to the water below tne piston. The rate of movement of the piston rod was 
used to calculate the rate of flow of water into the test cavity. (5) 
Bubble line: The bubble line was installed downstream of the flow tanks 
and/or flow pistons and provided a means of measuring low flow rates. An 
air bubble was injected into the injection line using a valve system 
connected to the packer inflation line. The rate of movement of the bubble 
in the tube was used to calculate the rate of water flow into the test 
cavity. The bubble was removed from the tube at the end of the bubble line 
so that air was not injected into the test cavity. The bubble line approach 
was used in testing sections of SBH-1, SBH-? and a number of sections of 
the subsurface boreholes. 
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In testing SBH-2 and some sections of SBH-3 a four-flow-tank assembly 
was used. In this case the diameter of the smallest flow tank was similar 
to the diameter of the bubble line and hence provided the necessary flow 
rate range for testing the low permeability sections. The relative ac­
curacy of each flowrate measuring system is summarized in Table 3.2. (6) 
Water supply: Water was pumped into the flow tanks from a storage tank and 
transferred into the flow pistons from the filled flow tanks. Large 
particulate matter in the water was allowed to settle out in the storage 
tank whilo smaller particles were filtered out prior to entering the bubble 
1 ine. 

The electronic signal generation and collection system, which with 
minor variations was used in the testing of all of the boreholes, is 
shown in Fig. 3.4. This system used a number of power supplies to power 
the transducers and the thermistors and provided a means for observing 
and saving both digital and graphical data. Transducers (PI, P2, P3 and 
the differential transducer) thermistors (probe temperature) are powered 
by regulated DC power supplies, however, the output voltage of the power 
supplies were monitored during testing. The output voltage of the 
thermocouple mounted on the tank was converted directly to temperature 
in degrees Celcius by the data logger. The data logger collected voltage 
signals from the various sources at programmed time intervals and 
directed the teletype to print and punch the signal data. The thermistor 
box provided power to the thermistors and incorporated a Wheat: .one 
bridge to measure changes of temperatures down to 0.01°C over a linear 
range of several degrees. The chart recorder was used to monitor the 
ongoing change in the cavity pressure and tank level during testing. 
In the testing of SBH-2 the output from the flow tank differential 
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Table 3.2. Flowrate measuring ranges 

1) Injection Line - Air bubble method 
Lower limit: - Position of air bubble can be determined to within ^ 

1.5 mm. 
- Thus to obtain 1% accuracy the bubble must move 150 mm, 
giving for a 30 minute test a minimum flowrate of 0.056 
ml/min. 

- For 120 minute test minimum flowrate is 0.014 ml/min. 
Upper limit: - Timing error +_ 0.2 seconds 

- Thus to obtain 1% accuracy a minimum of 20 seconds of 
injection time is required. 

- For a one metre long bubble tube this provides a maximum 
flowrate of 34 ml/min. A five metre bubble tube would 
provide a maximum flowrate of 150 ml/min. 
(maximum practical limits) 

2) Small Flow Tank - Used primarily on SBH-2-
Lower limit: - Transducer accuracy is 0.002 VDC 

- 1% accuracy requires a change of .2 VDC 
- A change of 1.0 VOC in transducer reading is equal to 
5.25 ml of water 

- Thus minimum volume for 1% accuracy is 1.25 ml. 
- Minimum flowrate for a 30 minute test is 0.042 ml/min. 
- Minimum flowrate for a 120 minute test is 0.010 ml/min. 

3) Larger Flow Tank - Used primarily in testing SBH-1 
Lower limit: - Transducer accuracy is 0.002 VDC 

- 1% accuracy requires a change of .2 VDC 
- A change of .00000205 VDC is equal to 1 ml of water 
- Thus a minimum volume for 1% accuracy is 9708 ml of water 
- For a 30 minute test the minimum flowrate is 323 ml/min 
- For a 120 minute test the minimum flowrate is 80 ml/min 

Acceptance of a 10% accuracy would permit one to measure flowrates on 
the order of 10"' ml/min. 
Upper limits on the flow tanks is determined by the volume of water in 
each tank and the length of time required -o obtain good test results. 
Several aifferent sizes of tanks were used in testing SBH-2 and one inter­
mediate size tank was used in testing the other boreholes. These tanks 
provide flowrates that complimented the ranges provided by the tanks 
described above. 
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Power supply 
(IOVDC) 
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Fig. 3.4. Schematic of data acquisition system. 
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transducer was monitored on the chart recorder and used to determine the 

f low ra tes . The te le type system was not used at SBH-?. 

3.2.? I n - S i t u Pore Pressure Measurement 

I n - s i t u pore oressure measurements are required to determine i n - s i t u 

f l u i d pressure and hence e x i s t i n q pressure qradients in borehole t e s t i n q . 

The downhole probe assembly described in the previous section is not wel l 

su i ted to the measurement of i n - s i t u pressures dur inq i n j ec t i on t e s t s . 

In the surface boreholes i n - s i t u f l u i d pressures in the rock mass 

around the tes t in te rva l before i n jec t i on t e s t i n q were determined by the 

fo l l ow inq approach. I f the column of water qenerated by *he f l u i d pressure 

in the t e s t c a v i t y rose to w i t h i n 8 to 10 meters of the qround sur face, the 

i n - s i t u f l u i d pressures were determined by c los inq a valve in the f low 

l i n e , thereby removinq the f l u i d pressure imposed on the tes t cav i t y 

oy the f low tank. In i n te r va l s wi th moderate to hiqh permeab i l i t i es t h i s 

excess f l u i d nressure would decay to the o r i q i na l i n - s i t u pressure in a 

reasonable period of t ime. In i n te rva ls wi th low permeabi l i t ies the times 

required for the f l u i d pressures to decay to their ' i n - s i t u values were 

excessive. Thus the approach discussed in the fo l low inq sect ion on data 

processinq was used to obtain the data need for the ca lcu la t i on of the 

qradients present dur inq the i n j e c t i o n t es t . The problem of measurinq 

i n - s i t u pressures could be resolved by i n s t a l l i n q a valve ahove the top 

packer that could be con t ro l l ed from the surface. A downhole valve would 

e l im ina te the column of water imposed by the f low tanks durinq i n - s i t u 

pressure measurements and could be opened to allow i n j ec t i on or pulse 

t e s t i n q . A l t e r n a t i v e l y , as discussed in Chapter 1, i n - s i t u pressures can 
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be measured during drilling by setting a single packer several meters above 
the end of the hole at the end of each drill run. This was the approach 
used to obtain in-situ pressures during the drilling of SBH-1, SBH-2 and 
SBH-3. 

In subsurface boreholes in which groundwater was seeping into the 
test excavations, the pore pressures in the rock mass were much greater 
than the pressure of the column of water in the injection line, and hence 
it was very easy to obtain, by closing the injection line, an exact measure 
of the in-situ pore pressure in the cavity being tested. The in-situ 
pressure data are presented in Appendix B-3 and discussed briefly at the end 
of this chapter. 

3.2. 3 Injection Testing 
Injection tests were conducted by measuring the steady-state rate of 

flow into a test cavity under a constant pressure. Several pressures in 
excess of the in-situ groundwater pressures were applied to the test cavity 
in a stepwise fashion as shown in the strip chart record in Fig. 3.5. The 
strip chart record in Fig. 3.5 shows the fluid pressure (Pj, in the 
wellbore below the packer assembly and the fluid pressure in the test 
cavity (P£) for a test in the R9 borehole. Both an outflow test and an 
injection test are shown. In testing the surface boreholes where in-situ 
pressures were unknown an excess head was applied to the test cavity by the 
column of water in the injection system and the corresponding flowrate was 
monitored. Additional pressure increments were applied using the flow 
tanks or flow pistons (Fig. 3.3) described earlier. Once an excess pres­
sure was applied, the flow rate (using flow tank, flow piston or bubble 
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• ^ 

DEFLATE 
OPEN LINES FOR READING 

INJECT „ 
BUBBLE -14 14 00 

"ADJUST FOR INCREM. 

BUMP UP PRESSURE 

T 
BUMP UP PRESSURE 

0.2 0.4 0.6 0.8 
START TEST R9 NRD I 
MARCH 2 6 / 7 9 

1.0 volt (P I ) 

XRI H41 9!>:lfi 

Fig. 3.5. Example of strip chart record for an injection test. 
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line) was monitored until steady pressure and flowrate conditions were 

achieved. 

Steady state conditions were assumed to exist when the fluid pressures 
did not vary by more than 0.0003 MPa per minute and three consecutive 
flowrate measurements did not vary by more than 5%. In a number of test 
intervals these conditions were not reached and quasi-steady state tests 
were performed. When steady-st^ite conditions were reached, the steady-
state pressures and flowrates were recorded and the next pressure increment 
started. 

In the subsurface boreholes we were able to measure the rate of ground­
water flowing out of each test cavity. This was accomplished by simply 
opening the injection line at the flow tanks and measuring directly, wir.h a 
calibrated cylinder, the volume of flow out of the injection line over some 
yiven time period. Usually an outflow test was performed both before and 
after any injection tests we,:-: carried out (Appendix B-3). 

3.2.4 Pulse Testing 
Pulse tests were conducted, in a limited number of test cavities, by 

monitoring the decay of a small transient pressure pulse imposed on the 
test-cavity pressure. In a pulse test, when the piston is fired, a known 
volume of water is disp'aced in the test cavity (and in the line to the 
surface) causing a pressure increase. The character of this pressure 
increase and decay is primarily dependent upon rock mass characteristics 
such as degree of fracturing and the permeability and porosity. The data 
obtained from the pressure pulse testing program at Stripa are presented in 
an earlier report by Forster and Gale (1981). 
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3.3 Data Processing Procedures 
3.3.1 Types of Raw Data Available 
As indicated in the previous section, injection test data were col­

lected using a basic data logger system. All of the electronic sensors 
produced a dc voltage and thi: was converted by the A-D system in the 
data logger to a digital form. The 'oltages and temperatures (°C) were 
printed in digital form either on the data logger printer or on a teletype. 
In a number of the tests (Appendix B-l) the data were also recorded by 
teletype on punched paper tape. 

In addition to the printed and punched paper tape recorus the analog 
signals from the transducer monitoring the test cavity and the differential 
transducer monitoring the flow tank were generally monitored using a 
strip-chart recorder (Fig. 3.5). Also for each test all of the pertinent 
data for that test and the test interval were recorded on a data sheet. An 
example of one of the two da^a sheets used is given in Fig. 3.5. After the 
borehole tesu data nave been analyzed copies of all of tne data sheets and 
records with explanatory notes will be placed on file at the Stripa test 
site and at LBL. 

3.3.2! Data Reorganization, Coding and Storage 
After the data were received, the data sheets, strip-chart record, 

teletype printer output, and punched paper tape output for each test were 
assembled for each borehole. Separate files were created for the 2-m, 
single fracture, and long interval tests, respectively. The punched paper 
tape was transferred onto magnetic tapes and the computer printouts filed 
by borehole number. 



IBJECTIOH TEST DATA SHEET • - > " " ( NOP •~>C i-

H o l e No .5NU Lection 5WYA D,» &7 /2 -A?76' 6 3 c 

Borehcle Langthc/CW. tfj • Borehole Diameter Mffi Bearing/plunge 
Technical Staff 1. CO. 

IC--3C 
W Field Engineer 

Syeteti checked by 
Type of pecker(a) 
Depth Data 
Elev. of collar 
Distance to G.W.L. 

to Tine Keference pt. 358-41 

Top of upper a**lvZ)$&H m 
Top of teat c«,vlty7cfl.Z'7 a 
Bottom of teat c*vity3h£Ob 
Bottom of lover Se»l3&3- (>3 m 
Length of borehole probePff/ a 
Length of cable ueed -bio * 

Length of inJ. tubing 
Diameter of i n j . tubing 3-79 
Length of i n j . cavity l&D 
Length of bottoai end cavity • 
Length of top and c*vitTt3ffi. f¥f m 
Poai t ion of Pi 353.13 . 
Position of P 2 3 5 1 . 9D . 
Poait ion of P3 357-67 -„ 

Preaaure riov 
Tank 

Teaperature 
Therelator Tranaducer Data PI P2 P3 

riov 
Tank 

Teaperature 
Therelator 

Data Logger channel 
Calibration C 
Surface Reading -^ 
Beading bafore Inf lat ion 
Reading after Inflat ion 
Reading before def lat ion 
Reading after deflation 
Surface Reading 

o / 2 3 & Data Logger channel 
Calibration C 
Surface Reading -^ 
Beading bafore Inf lat ion 
Reading after Inflat ion 
Reading before def lat ion 
Reading after deflation 
Surface Reading 

-C0%b iU5c9 6M5I0 C CC0bC4 -
Data Logger channel 
Calibration C 
Surface Reading -^ 
Beading bafore Inf lat ion 
Reading after Inflat ion 
Reading before def lat ion 
Reading after deflation 
Surface Reading 

9«72 aom D-Cribl - -

Data Logger channel 
Calibration C 
Surface Reading -^ 
Beading bafore Inf lat ion 
Reading after Inflat ion 
Reading before def lat ion 
Reading after deflation 
Surface Reading 

l-ffit 1-2150 1-337% bJU 0.533b 

Data Logger channel 
Calibration C 
Surface Reading -^ 
Beading bafore Inf lat ion 
Reading after Inflat ion 
Reading before def lat ion 
Reading after deflation 
Surface Reading 

IttlOi I-B3M i-mi i/.eci 052.40 

Data Logger channel 
Calibration C 
Surface Reading -^ 
Beading bafore Inf lat ion 
Reading after Inflat ion 
Reading before def lat ion 
Reading after deflation 
Surface Reading 

1.031b I-W5 I.3W M/b 0.5t53 

Data Logger channel 
Calibration C 
Surface Reading -^ 
Beading bafore Inf lat ion 
Reading after Inflat ion 
Reading before def lat ion 
Reading after deflation 
Surface Reading urn im& i-y/M !fMl5 0-5l55~ 

Data Logger channel 
Calibration C 
Surface Reading -^ 
Beading bafore Inf lat ion 
Reading after Inflat ion 
Reading before def lat ion 
Reading after deflation 
Surface Reading - - - — — 
Xnlection Data 

Flovrate Freaaure F r e a a u r e Tank 

Normal Injection 
Preaaure. MP* or 

Z overburden preaa 
VDC cc/««c 

fain 

Surface Down. hole Poaltlon Normal Injection 
Preaaure. MP* or 

Z overburden preaa 
VDC cc/««c 

fain 
VDC i*Q»* VDC rau atart stop 

oHPtO mtfto 0.O.T 0J)19C imi kT78 kM 
. 1 5Z 

.JfiW im MRi 0-orr 0-IZ5Z iMfi TndT 4.73; 

.3 15Z 

.4ffO-Z62oiMPa OCb 023J9\ 2.05'A k5H5 k5% 

.3 151 

.2 10Z 

.1 5Z 
n 01 

Indicate If borehole teet lng continued without removing packer from 
borehole. PI - preaaure below injection cavity , P2 - preaaure in Injection 
cavi ty , P3 - preaaure above Injection cavity . 

1<J. 3 .6 Exar ip le o f Data l 

T e s t R e s u l t s ( , i ' 
hee l l lsc i l i n Nei o i ' d i n n i n j e c t i o n 

in.jpc I ion l e s t ll.it .1 Sheel . 

http://ll.it
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Fl.O'itilATE DVTA SHEET 

, . t , ; Oil H - 1918 B . r , h . l . S . . ^ / ^ 
,v: O - $1 KRD 362 

7 
X-seeUnn«i « : (> of I n j . t u b e : O-l' L I C^U 

H U E 

ill DISTANCE FLO MUTE COMMENTS 

J & 
t>. . ' 0 5 7 I 

±-A // 01 '1.35 0.07 
T - S v •05 2 . / 5 0.0b 
TTit^ • V? •z.w O.Cb 
fi-% •/I i.cn n.ob Ib-Zt) •17 lm Los low ••u i-to 1.05 

J 
0 J1-50 2'v-

Q-U •M 245 U-OB 

L& •<m Z.5* 0 . 0 7 
p>-/% •M ZM {•Ob 
It-lb •M 7.ID V.Ob 
lir-W 'SO z.ov 0.6b 
10 -l\ Sk • IA0 0-65 
U-£$ •5S> \-kO 0.6b 

u 11:09 
•W-T~ ut~ •L10 o-ty* 
h-b 17 ZA5 0.07 
i-i'L :ZI Lib . 0.0b 
It - lb ••vs Z.Z6 U-Ob 
ib-ZO •V) ZM 0-0b 

Ti i j . 3.6 £!xa:;iple of Data Sheet Used in Hecordinrj 
I n j ec t i on Test Results (b) Flowrate 
Data Sheet. 
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Th e key pieces of data for each test interval and each test increment 
were transcribed into computer files. As indicated in the previous section 
there are three basic types of input files. These are (1) 2-m tests in 
which flowtanks equipped with differential transducers were used to measure 
flowrates, (2) 2-m tests in which a bubble line system was used to measure 
flowrates, given directly in ml. per minute, and (3) single fractur; tests 
using a bubble line to obtain flowrates. Flowrates are given directly in 
ml. per minute. 

Individual flags (i.e., a two digit number) are used to -' -ntify the 
different data cards. These flags appear in columns 1 and 2 each data 
card as follows: 

flags Type of Data Card 
99 Comment card 
88 Headings, calibration factors, initia eadings etc. 
11 Outflow tests, time, pressure, flow i.a; first increment 
12 Outflow tests, time, pressure, flow Jata; second increment 
13 Outflow tests, time, pressure, flow data; third increment 
21 Injection tests, time, pressure, Mow data; first increment 
22 Injection tests, time, pressuri flow data; second increment 
23 Injection tests, time, pressut , flow data; third increment 

Comments Cards (99): Information starts in cul' n 5 and is read in a 19A4 
format. Comments are transferred unchanged 1 the output file. 

The information contained on heading r -ds (88) varies according to 
the type of test being conducted. For th three main test types the 
following data are supplied. 
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Variable Format Columns 

Flaq 
Blank 
NRD, Nominal Reference 
Depth 

Blank 

NTEST, number of inflow 
and outflow tests for 
the qiven interval 
Blank 
INTT, Top of tes t 
i n te rva l (m) 

Blank 

INTB, Bottom of test 
interval (m) 
Blank 
SURF, Transducer readinq 
at the surface (M, H 2 0) 

Blank n 37-38 

CALP2, ?2 Transducer 
c a l i b r a t i o n fac tor 
( v n l t s / p s i ) F7.5 39-Aj 

Blank 3X 46-48 

CALFT, Flow tank ca i l -
hration factor, volts 
per mi 11ilitre F8.6 S7-S4 

For test number 2 the same data and format are used exceot that 
the flow tank calibration factor is not included (CALFT). 

For test tvne number 3 note that CALFT is also not supplied and 
that there i5 a small chanqe in the format: i.e., format is '12, 
F6.?, 12, ?X, F6.2, 2X.. F6.2, 3X, F6.4, 2X, F7.5, 3X, F6.4) 

12 1- 2 
2X 3- 4 

13 5- 7 
2X 8- 9 

12 10-11 
2X 12-13 

F6.2 14-19 
?l 20-21 

FC.2 22-27 
3X 28-30 

F6.4 31-36 
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The outflow test data card(s) (i.e., flag equal to 11, 12, 13, etc.) 

provides the pressure and flowrate data required for the calculation of 

permeabilities from steady state outflow tests. The variables and formats 

used for the different test types are: 

Test Var iable Format Columns 
Type 

1 Flag 

Blank 

12 

2X 

1- 2 

3- 4 

SHR, hour 
tes t s t a r t 

at 
ed 

wh ich F2.0 5- 6 

Blank IX 

iMIN, minute f 
which tes t star ced 

Blank 

SSEL, second at 
which tes t s tar ted 

til ank 

FHK, hour at wh,ch 
tes t ended 

lil an k 

FHK, hour at which 
tes t -?noed 

B! ank 

KM1N, Minute at 
which test ended 
Bl auk 
K5F.I, second at 
which test ended 
Blank 
SP2, P2 transducer 
reading at the start 
of the 'est (volts) 
Blank 
I-P2, Yd transducer 
reading at the end of 
the tes t ( v o l t s ) F6.4 35-40 

F2.0 8- 9 

IX 10 

F2.0 11-12 

2X 13-14 

F2.0 11-12 

2X 13-14 

F2.0 15-16 

IX 1/ 

F2.U lb-19 

IX 20 

F2.0 18-iy 

3X 23-25 

F6.4 26-31 

3X 32-34 
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Test Variable Format Columns 
Type 

81ank 8X 41-48 
OUTFLO, volume of 
f low recorded during 
out f low t e s t (ml) F7.2 49-55 

Flag 12 1- 2 

Blank 19X 3-2i 

SP2, P2 transducer 
reading at the s t a r t 
of the tes t ( v o l t s ) F6.4 22-27 

Blank 3X 28-30 

FP2, P2 transducer 
reading at the end 
of the tes t ( v o l t s ) F6.4 31-36 

blank 8X 37-44 

FLOWR, f lowra te in 
ml /min . F9.4 45-53 

Flag 12 1- 2 

Blank 19X 3-21 

3P2, P2 transducer-
reading at the s t a r t 
of the tes t ( v o l t s ) F6.4 22-27 

Blank 3X 28-30 

FLOWR, f lowra te in 
ml/min F8.3 45-52 

The i n j e c t i o n tes t data cards ( i . e . Flaij equal to 2 1 , 22, 23, 

e t c . ) provides data s im i la r to that in the out f low tes ts data f i l e . The 

data on f l u i a pressures and f lowrates are s u f f i c i e n t for the ca l cu la t i on of 

steady s tate pe rmeab i l i t i es . The var iab les and formats used fo r the 

d i f f e r e n t tes t types are: 
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Var iable Format Columns 

Flag 12 1-28 

Blank 2X 3- 4 

SHR, Hours, reading 
at the s t a r t of the 
tes t F2.0 5- 6 

Blank IX 7 

SMIN, Minutes, 
reading at the s^art 
of the - "S t F2.0 8- 9 

Blank 1 10 

SSEC, seconds, read­
ing at the s t a r t of 
the tes t F2.0 11-12 
Blank 2X 13-14 

FHR, hours reading 
at the end of the 
tes t F2.0 15-16 

Blank IX 17 

FMIN, minutes, read­
ing at the end of 
the tes t F2.0 18-19 

Blank IX 20 

FSEC, seconds, read­
ing at the end of the 

tes t F2.0 21-22 

Blank 3X 23-25 

SP2, P2 transducer 
reading at the 
s t a r t of the tes t F6.4 26-31 
Blank 3X 31-34 

FP2, P2 transducer 
reading at the end 
of the tes t ( v o l t s ) F6.4 35-40 

FP2, P2 transducer 
reading at the end 
of the tes t ( v o l t s ) F6.4 35-40 

Blank 3X 41-43 
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Var iable Format Columns 

SFT, f low tank t rans ­
ducer reading at the 
s t a r t of the tes t 
( v o l t s ) F6.4 44-49 

Blank 2X 50-51 

FFT, f low tank t r ans ­
ducer reading at the 
end of the tes t ( v o l t s ) F6.4 52-57 

Flag 12 1- 2 

Blank 19X 3-21 

SP2, P2 t r a n s d u c e r 
reading at the s t a r t 
of the tes t ( v o l t s ) F6.4 22-27 

Blank 3X 28-30 

FP2, P2 t r a n s d u c e r 
reading at the end 
of the tes t ( v o l t s ) F6.4 31-36 

Blank 8X 37-44 

FLOWR, Flowrate, 
ml/min F9.4 45-53 
Flag 12 1 - 2 

Blank 19X 3-21 
SP2, P2 transducer 
reading at the s t a r t 
of the tes t ( v o l t s ) F6 .4 22-27 

Blank 3X 28-30 

FP 2, P2 transducer 
reading at the end 
of the tes t ( v o l t s ) F 6 . 4 31-36 

BlanK 8X 37-44 

FLOWR F 8 . 3 45-52 
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3.3.3 Processing of data from surface and subsurface boreholes 

Raw data files for both the surface (except SBH-2) and subsurface 

boreholes are given in Appendix IS-3. In the subsurface boreholes the 

groundwater gradient is directed towards the drift ...ad hence, as discussed 

earlier in this report, it was possible to measure the initial in-situ fluid 

pressures in each test cavity. Thus in the raw data fi'"% for the sub­

surface boreholes the in-situ fluid pressures yiven are the absolute fluid 

pressures measured in the sealed-off cavity. Thus the fluid pressures for 

each injection or withdrawal test in trie recoru are references to the 

in-situ fluid pressure. fo determine the effective injection or withdrawal 

fluid pressure the fluid pressure given for each test must be subtracted 

from the in-situ pressure. 

In tne surface boreholes only injection tests were carried out. 

During tne injection test the test cavity was connecteii to the flow tanks 

on tne surface by the injection line which was tilled with water. In all 

three surface boreholes the hydrajlic heads decreased with depth reflecting 

the draining effect of the underground mine. Thus, without, a downhole 

valve in the injection line, it was impossible to obtain a direct neasure 

of the in-situ fluid pressure for each injection fr-.t interval. 

In some cases, as -••• MiH-?, the in-situ fluid pressure was estimated 

for some Lest zones based on the measured injection and flow rate data, the 

measured P[ pressure below tne test zone, and Die results of multiple 

pressure injection tests in adjacent test /ones. In the n-st of the tests 

in tne surface boreholes an attempt was made to complete at least two 

injection tests in each test interval. Thus instead of using the difference 
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between the in-situ fluid pressure and the fluid pressure in a given test 

interval, as a means of determining the pressure gradient, the fluid 

pressure and flowrate measured during this first test increment was used 

as the reference point. Thus the data needed to interpret a steady state 

injection test was obtained by determining the difference in injection 

pressures and the corresponding difference in flowrates from two injection 

tests. As indicated earlier in this report steady state conditions wen 

not always achieved and hence in some cases steady-state analysis were 

performed on quasi steady state data. 

3.4 Preliminary Data Analysis 

In this report, rather than just presenting the raw data, we ha*, 

undertaken a preliminary analysis in order to make the data more meaningful 

to the reader. Tnis preliminary analysis consisted of calculat.g pom; 

media permeabilities, hydraulic conductivities, equivalent single trait.'.re 

apertures and transmissibi1ities for the test intervals. The results • > 

these calculations are presented in Appendix B-4. 

In tnis preliminary test analysis we have assumed that flow from tin 

test cavity is governed by Darcy's law. No corrections have been made for 

the orientation of the borehole. Tnus for a vertical borehole we have: 

/-i .̂_ i K d H ,., * 

Q = A r L —r- 1 
w dr 

where: Q is the volumetric flowrate 

K is the hydraulic conductivity 

dH/dr is the gradient 

r is the radius 

L is the length of the test cavity 

2»rt is the cavity surface area through whicn flow is occurring. 
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Kearranging, this equation becomes 

r b Hb 

f %- f Z 2,Ldh K 
Q 

H 

where r w is the radius of the borehole, r b is the radial instance to 

flow or pressure boundary, H w is the hydraulic head at t'te boreholes 

tne H D is the hydraulic head ji the flow or i ; essure boundary (!-••!. 

Integrating this equation led'' to an expression f w ny.:i J11' .is 

Ofr. - r ) 
b w' * L 2w ( H ~ - H~) 1 b w 

Intrinsic Permeability -an :• en ulated from K • , usus- laM, 

Tf 

where y is e dynamic viscosity and i is ' lie '.pi' '*i< '*• • ot v. 

Transmissibi 1 i ty (T) can be oeterm ried IJJ multiplying h« yd- i i 

tivity by the length of the interval being evalu-' 

In adaition to the basic pon JS media par meters -if r,, l ;u I 

instructive to assume that flow from the cavity is lu-,i: "',. 

single fracture (Fig. 3.7) oriented normal to " e Oorenu ! v . '• 

the aperture of this fracture. The equation -or computus, ..ir i>qip\ 

unifor-,, fracture aperlure can be obtained by substituting 'in <-xpre\ 

Kr iM_ f " 12 M 

where Kf is the hydraulic conductivity ot i.m '- l-.-"t' 

fracture aperture, in equation (Jj anil rln in< sy i'h 

aperture ' en, for the measures rlowrales ami pi •'f 

tne assumed boundary conui Lions, is gi\en by 
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M y . 3 . 7 . Flow f rom l a v i t y to f r a c t u r e . 
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Rl BOREHOLE 

O 0.5 10 15 10 10 10 0 5 
FLOW RATE CONDUCTIVITY 2b 
(mL / mln } ( c m / t l c ) 

10 
( ,a m ) 

Fig. 3.8. Preliminary data on tlowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole Kl. 
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R2 BOREHOLE 

2 

4 

1 1 1 1 1 " I 1 1 1 1 1 1 1 1 i 

6 

8 -

10 - -

12 -

14 

16 

18 
' 

20 

22 -

24 

26 

28 

™ I I I ; 1 1 1 1 1 1 i l l 1 

0 0.5 1.0 1.5 2.0 
FLOW RATE ( mL/min) 

-5 
10 -9 -7 

10 10 
CONDUCTIVITY 

(em / sec) 

0 10 20 
2 b (fim) 

MH. (Ml !)b W 

Fig. 3.9. Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single ,'racture apertures 
from packer testing in borehole R2. 
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R3 BOREHOLE 

u 

2 

1 1 1 1 1 1 I 1 i I i I 

4 - - -

6 

8 -

10 - -

12 - -

— 14 

X 
•~ 16 

' 1 
a. * 
UJ 
Q 18 1 t-

20 =, - i 

22 - r- |J 

24 f 
26 1 
28 

^n 1 .1 1 ' i i i i i i 
10 20 

FLOW RATE 
(o iL /mln) 

30 10" 10' I0"5 

CONDUCTIVITY 
(cm / i o c ) 

0 20 40 
2b t / i m) 

X B l K41 91i39 

Fig. 3.10. Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing •n borehr'e R3. 
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R4 BOREHOLE ( 3 3 8 - 3 6 8 m) 
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Fig. 3.15. Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole R8. 



-86-

R9 BOREHOLE ( 3 3 8 - 3 6 8 m ) 

1 1 1 1 1 I I 1 

-

I ! 1 1 1 I i I 

-

-
1 

I 
[_ 

f 

- . 

- 1 

1 

-

- 1 

1 1 

L 

1 

i -

i i 

- r 

1... I 

1 

1 

i i i i 

10 20 30 
OUT FLOW 
(tnL / i n i n ) 

10 10 I 0 = 0 20 40 0 20 4 0 
CONDUCTIVITY 2b - 2m TESTS 2b-SINGLE FRACTURE 

( c m / « e c ) ( p . m ) TESTS(/ tm) 
XBL K41 <3b*b 

K g . 3.16. Preliminary data on flowrates, porujs media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole R9. 



- 8 7 -

RIO BOREHOLE 

a. 
UJ 
Q 

u -

2 -

4 -

1 1 1 1 [ I I I 

-

i 

b -

8 - - -

1 0 - - - s 

12 -

-14 - -

16 - 1 i 

18 - -I -

20 - ^ - -] 

22 -

24 -

1 
J 

26 r 

28 L 

- r- r 
30 -

?,? 1 1 1 i i 1 1 1 1 i i 
0 1 2 3 4 

FLOW RATE (mL/min) 
10 10 

CONDUCTIVITY 
(cm / s a c J 

-5 10 5 10 15 
2b ( ,*m ) 
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conductivities, and equivalent single fracture apertures 
from pacKer testing in borehole RIO. 



HG2 BOREHOLE 
0 1 1 1 — i i i i i 1 1 1 1 

2 - -

4 - -

c - -

B 

10 h 
12 J |— r-

^^ 
e i4 _ __ 

X 
1 - 16 !n ] 
a. 
Ul 
Q 18 

20 
1 

22 "" 

24 -

26 h 

28 

30' ' ' ' i 1 1 i i ' ; , ! I 

0 0.5 1.0 1.5 I0"9 10"7 I0'5 0 10 20 
FLOW RATE CONDUCTIV'TY 2b l / i m ) 
( mL/min) (cm / t e c ) 

f HI POI ys,.i/ 

Fig. 3.18. Preliminary data on flowrates, poro is media hydraulic 
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from packer testing in boreholes HG 2. 
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Fig. 3.19. Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole HG-3. 
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Fig. 3.20. Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole HG-4. 
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Fig. 3.21. Preliminary data on flowrates, porous media hydraulic 
conductivities, and equivalent single fracture apertures 
from packer testing in borehole HG-5. 
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Fig. 3.22. Preliminary data on porous media hydraulic conductivities 
and equivalent single fracture apertures from packer 
tests in borehole SBH-1. 
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2b 12M 
2^7 < l n r b - l n r

w > w 
1/3 

(6) 

Using values for M = 1.24 x 10~3 Pa-s, y = 98U1.8 N-M"3, representing 
an average water temperature of 12°C, r w = 0.038 m and r^ = 10 m (Gale, 
ly75, p. 128) selected injection and/or withdrawal test data foi each 2-m 
or 4-m interval in each borehole were analyzed. These data are tabulated 
in Appendix B-4. In Figs. 3.8 to 3.21 we have plotted the flowrates, 
porous media hydraulic conductivities and equivalent single fracture 
apertjres as a function of borehole length for eacn of the subsurface 
boreholes, except HG-1. For boreholes R" and R9 we have also plotted the 
effective fracture apertures determined from tests on single fractures. 
Tne calculated hydraulic conductivities range from lO"^ cm/sec to 10"' 
cm/sec and the corresponding equivalent single fracture apertures rarely 
exceed 20 micrometers except for sections of hS-4 and HG-5 where the 
maximum calculated apertures are about 25 and 35 micrometers, respectively. 
The calculated fracture apertures are generally about 5 to 10 micrometers 
in size. 

In Figs. 3.22 to 3.24 we have plotted hydraulic conductivity and 
equivalent single fracture data for SBH-1, SBH-2 and SBH-3. While the 
hydraulic conductivities vary over a considerable range, 10"H to 10"* 
cm/sec for SBH-2, the test results do indicate a trend of decreasing 
fracture permeability with depth. Similar trends exist in the SBH-1 and 
SBH-2 plots. The wide range of values in the hydraulic parameters demon­
strate the need for a procedure than can, based on sound theoretical 
principles, systematically incorporate and integrate this variability to 
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provide a description of the rock mass permeability that is more meaning­
ful than a single scalar representinq the arithmetic or qeometric mean of 
all of the tests conducted in a qiven borehole. 
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4. CLOSURE 
Every effort has been made to ensure the accuracy of the data pre­

sented in this report. The fracture data file has been cross-checked by 
several different individuals and contains all the data that were available 
to the author. As pointed out in Chapter 3, the acceptability of each 
injection or withdrawal test cannot be determined until the test has been 
thoroughly evaluated and any necessary corrections to the test data com­
pleted. However in compilinq the hydroloqy data files we have excluded the 
test data that were questionable. Thus the data "iles, while not fully 
complete, do contain the essential data for each test interval. When the 
current analysis of the test data has been completed we expect that some 
additional test data will be added to the data files, but. we expect that 
corrections to the existinq data files will be limited. 

Future analysis of the data documented in this report will focus nn 
attempts (1) to characterize the rock mass fracture parameters and (?) to 
assess the physical hydroqeoloqic characteristics of the Stripa site. The 
characterization of the rock mass fracture oarameters can be separated into 
two general activities: (1) rock mass characterization usinq the standard 
rock enqineerinq approach and (2) a statistical analysis of the fracture 
system, 

The rock mass characterization work will include a brief review of the 
qeoloqy of the Stripa area, includinq the test excavations and a thorouqh 
analysis of the structural lineaments usinq available air photographs. 
The basic rock mass characterization schemes such as those described by 
Knill and Jones (196S), Deere et ".1. (1967), Bieniawski (1974), Barton et 
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al. (1975), and Eqe (1968) will be reviewed with respect to procedures, 
original purpose and degree of applicability to nuclear waste disposal 
problems in igneous rocks. Several of these methods will he applied to the 
borehole fracture data at Stripa in an attempt to determine both the 
sensitivity of the various methods and the influence of borehole drilling 
methods, core size, and borehole orientation on the characterization of the 
Stripa granite. The main emphasis will be in characterizing the rock mass 
around the ventilation drift in an attempt to relate the general rock mass 
fracturinq characteristics to the distribution of permeabilities as mea­
sured by borehole packer tests. A final qoal of the analysis of the 
fracture data should be to develop a three dimensional picture of the 
fracture system influencing the ventilation experiment. 

The statistical analysis of the fracture system at Stripa will consist 
of an attempt to develop the statistics of fracture spacing, orientation, 
continuity, and interconnection using data from fracture mapping in t • 
drifts and the data obtained from core logging and TV-borehole camera 
logging. These statistics will also contribute to the data base needed for 
the development of a three dimensional description of the fracture system 
in the rock mass around the ventilation drift, although the primary goal of 
this analysis is to provide the geometrical parameters of spacing and 
orientation needed to undertake an initial calculation of the directional 
permeabilities of sections of the rock mass. This detailed fracture 
analysis should also enable one to determine the degree of variation in the 
basic geometrical fracture parameters throughout the rock mass. 
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An assessment of the physical hydrogeologic characteristics of the 
Stripa site requires that one first complete a detailed analysis of the 
injection and withdrawal borehole packer tesc data. An attempt will he 
made to correct the test data, if necessary, for the effects of turbulent 
flow, entrance losses, relative orientation of boreholes and the fractures 
intersecting the test interval, gravity effects, and quasi-steady-state 
test conditions. The permeability values for each test zone will be 
calculated using both porous media and fracture flow concepts. These 
permeability values will be correlated with the degree of fracturing 
observed in the drill core and the fractures identified by TV-camera 
logging. This analysis will provide a more complete and meaningful distri­
bution of permeability values for each borehole than that presented in this 
report. 

The permeability data will be analyzed to determine the fracture 
aperture distribution parameters. These fracture aperture parameters will 
be combined with fracture geometry parameters to provide the data necessary 
for the calculation of the directional permeabilities of the fractured rock 
mass at Stripa. These calculations will use an approach that assumes that 
each fracture is continuous. Obviously future work will include an attempt 
to incorporate the degree of fracture interconnection or continuity in 
these calculations. 

The above data analysis will focus on developing parameters and other 
numerical model parameters necessary for constructing a three dimensional 
finite element model for the general flow system at Stripa. The modeling 
work will be directed towards the calculation of flow tubes and groundwater 
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velocities in an attempt to relate the geochemical and isotopic data to the 
physical hydrology data. 
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APPENDIX A-1 

CODED FRACTURE DATA FILE FOR BOREHOLE R3 
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2 2 S * C L C A 3 L < 1 MM I 2 . ) 4 J 
2 2 bW C L C A J L G h C I MH - i J b: i 
1 1 b * C L L3L < 1 •1M 1 J J Ob 
1 1 31* C L d L < 1 MM 1 4 b d b 

A C T J k E * I T H t P T HI C K N E S b 1 MM L»= l b J A = o O 
1 I M * C L 3 L < I MH 1 5 0 b > 
U P E N c D F W A C .W I T H C L L A T H ] C K t L b b < 1M A [j>-J 2 0 A - 2 0 
1 2 5 * C A C L WH C 1 •-til ado J ' . 
1 2 b * C A . . L KM < 1 MM 2 * J 7 J P A R T L Y I N D J C L 

U P T A K E 

d l 0 0 . 9 o . O 0 . 1 0 
. A L L O F K A C T U K E w I T H C A T H 1 C K N E S S < 1 HM 

« C L C A J H » H < 1 M M 2 7 D 
* C L C A G R w H < 1 MM 2 7 J 
» C L C A o H w H < 1 M M 2 d J 
W I T H C A C L T H l C K N E S b < 1 
* C L C A G H m H < 1 MH 2 b J 
* C A C L Wh < 1 AH 2 7 b 
* C L C A G k < 1 MM 2 7u 

J - SIJ A - ,7J 

C L 
C L 

< 1 

i n ] C<N- J S 

•* JOG J A I * I TE 

A. J 1 O J U M U 

1 . 7 1 l O l O J . O ^ d . O O i ; . 1 ^ 1 

1 2 2 b * C L C A G H » H < I MH 
( A C T U H E * [ T H E P T H l i _ f . N c . S b " 

I 1 1 Sk. M C L A o h < 1 MH 
1 1 I -4M C L C A I J L * H < I MH 

2 7 0 
2 7 j 
1 +0 

* 1 J J . O V O . 0 0 

. D 2 J u K A * 1 T £ 
. 6 2 U O k A N I T L 

• * . f aL U i j R A ' N l T L 
O O K A N I T ; S L A L 
4 . 7 3 0 G K A ' J l TE 
4 . V y J G H A i ' - l i t . 

l O u w ^ N l TE S E A L 
l O G H A N l TE L P C 

1 1 1 2 b i t C L C « fc)L C I MH l t . J 
I 1 J 2 S * C L C A B L < 1 MH b J 
I I 1 2 S * C L C A u H w H < l MH 2 d O 

F H A C T J N E W I T H E P ( C L 7 I , T H I C < N E S S 1MM d = J O O A = 5 D 
1 1 3 2 MM < 1 

. 3 c O o K A N ] TE 

C L C A B L 
" k A C T J H E W I T H EP T H l C r t . N E S S < 1 -
T H l C K N E S b 1 0 M M B = J 0 5 A = J b 

2 3 b 
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3 3 
5 5 7 d o 

. 6 2 T J b . d i O G K A N l T E 
5 . ^ 3 Q G H A N l T E 
S . 9 L . 0 G R A N I T E 
t > . O d O G H A N l T t 

. 1 O O G R A N 1 TE S E A L t - 0 

. 1 7 0 G R A N I T E S E A L E O 
t > . 9 1 Q G R A N I T E . 
6 . -»1 O G R A N I TE 
t . . 3 4 0 G R A N l T £ 
6 . 3 9 0 G R A N I T E 
O . 4 3 0 G R A N 1 T E 
6 . 4 t > O G r « A N I T E 
o . D l Q G K A N I T E 
b . L . 3 0 G H A N I TE 
D . 5 4 Q G R 4 N 1 T E 
6 . b i > O G H A N l TE 

• O u O G H A N l T E 
3 3 0 s - R 3 ? 
• b o 8 . 2 * 

6 . 6 6 O G H A N l TE 
. 7 j O G R A N I T E A S E A L E 

7 . 2 4 O G H A N I T E 
7 . o 7 O G H A N I T E 
7 . 9 b 0 t i r i A N l T E 
7 , J c . 0 G - * A N I T E 
3 . 0 4 0 G H A - J 1 T L 
U . O y O G r t A N I T C 
O ^ R A N l T i 

J 0 9 K J J 
b . 2 J 1 0 . 0 * 

6 . 2 * O G R A ' - l I T E 
8 . 2 t , Q G - - * A N I TE 
6 . 3 4 O G U A M T E 
fa."** Q G r t A N I TE 
• i . 6 0 O G R A N I T L 
B . d L i C G R A N I T E 
6 . 9 u O u ^ A N I T E 
* . 2 1 J 0 G K 4 N I TE 

v . L . 1 OGRAN I T E 
. t > l A N J y . 6 b G K A N I 

• » . 3 4 OGRA M I T E 
• J . 8 4 O G H A M I T E 
9 . a t i O G * A N I TE 
9 . 9 7 0 G H A N I T E 

1 0 . 0 3 0 G H A N I T t 
J . 0 9 Q G . < A N I T E 
0 3 0 5 R 3 3 
0 . 0 9 1 0 . v ^ 

1 0 . 0 S 0 G R A N I T E 
1 0 . J J J G R A N 1 T E 
1 0 . 2 1 O G * A , . < I T E 
1 J . 2 l O G R A N I T C 
1 0 . 3 3 O t i k A 41 TE 
L 0 . 7 : 1 0 G R 4 N I T E 
I 0 . B J C G ^ A N I TE 

J , 9 2 U J K A M I r L 

J J I : i- J . 3 - -+ 

Z O N E W I T 
1 1 2 2 5% 
I 1 2 2 MM 
I I 3 2 S * 

F R A C T U R E - I T 
F R A C T U R E W I T 

1 1 1 1 Sw 
1 2 SW 

1 I 1 3 
I I 1 1 Sw 
I 1 3 2 MW 
I I 1 2 Sw 
1 I 1 1 SW 
1 1 1 3 M - S 
1 1 1 2 S - M 
1 1 1 1 Sw 

P T H I C K N E S S 2 0 M M B 
C L C A B L w H < 1 MH 
E P C L - i R J L < 1 H 
C A C L B G w < 1 MH 

M E P T H I C K N E S S 2 M M 
H E P T H I C K N E S S 2 H M 

C L C A d L w H < 1 MM 
C L C A B L < I MH 
C A C L W H G R < I MH 
C L 3 L < 1 MH 
C L C A d L W H < 1 MH 
C L 3 L < l MH 
C L S L < 1 MH 

C L 3 L < I MH 
I C L S L < 1 MH 

C L B L G R < 1 MH 

= 1 5 0 A = 
1 2 0 
1 7 0 
3 * 0 
U = 2 7 5 
i = 1 5 o 

J O J 
2 2 0 
3 1 5 
133 
3 40 

J c N D I N N E X T F R A C T . 
3 
0 P A R T L Y I N D U C E D 

| | 

1 . 5 B 4 I 0 O . O J 1 . M 0 . 3 ( 3 1 . 4 4 

1HM B = 1 5 
5 0 6 
20 4 

1 5b b 

F R A C T U R E W I T H C L T H I C K N E S S 
1 1 I I S * C L C A S L < L MH 
1 I 1 1 MW Cl_ B L < 1 MH 
1 1 3 2 SW C L C A B L < 1 MH 
1 1 1 1 SW C A C L WH < 1 MH 
1 1 3 3 Sw C A C L WH < 1 MH 
1 1 2 1 MW C i_CA B l . < 1 MH 

1 . 8 S I l l 0 0 . 0 9 5 . b 3 0 . 1 b 1 . 7 7 

1 1 1 1 Sw CA 
SW C L 

1 1 3 3 MW C L C A G R w H < 1 MH 
I 1 1 2 SW C L B L G R < 1 MH 
I I I 3 Sw C L C A W H G R < 1 MH 
1 1 1 2 SW C L C A d L a r H < 1 MH 
I 1 1 1 SW C A C L W H G R < 1 MH 
I I 1 2 SW C L 8 L G R < 1 MH 
1 1 1 1 SW C ~ C L WH < 1 MH 

E / P E G M A T I T F / G R A N I T E 
I I 1 3 SW CA WH < l MH 
I I I 2 Sw C L C A B L < 1 MH 
1 1 1 2 SW C A C L W H B L < 1 MH 

6 0 R O T A T E D 

I T H B = 3 » 5 A = b O 

U P T A K E 
S T C L N N A 

3 5 1 0 0 . 0 9 2 . 7 7 0 . 1 5 3 . 7 7 
2 SW C L 3 L < 1 MH 3 0 0 3 0 S T A R T G R A V E L 
1 S - M W C L B L G R < 1 MH 2 9 ^ 3 0 G R A V E L 
2 SW C L d L < 1 MH 3 0 4 0 
3 Sw C L C A B L < 1 MH 30v 30 
2 SW C A WH < l MH OO 7L> 
2 SW CA WH < 1 MH 2J 4 5 

1 2 2 SW C L 

4 4 I J . i J I i . 4 V 

1 1 . 0 1 OC . A N 1 T E 
. 0 3 G R A N I T E / P Z G 

I 1 . 3 1 U H d o M A T I T E 
. 4 7 PEG * A T I T Z / G 

1 I . b J O ^ R A N I T E 
1 1 . -27 0 O K A W I T E 
1 2 . 1 O O G R A N [ T E 

d l J O . J l O O . O 0 . J 7 Z.17 

y=350 A=20 
MW C L B L G R 
SW CA WH 

3 2 Sw C L 

. J 9 - . 2 . 7 0 A S L A L t J F R A C T U R E W I T H CL T H I C K N E S S I M <l B = 1 0 5 
1 2 . 6 2 O u ^ A N l T c 1 1 1 I SW P V C L B L V E < l MH 9 

. 3 7 0 G H A H I T t 1 1 1 1 SW C L l»R < 1 M H 3 1 J 5 
3 3 1 3 . 6 9 0 G K A N 1 Tel 
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44 1 3 .J<* 1 4 . 
I | 1 J . d i . OGkA.N I TL 
I I 13 .91 OGKANlT£ 
3o I J .^OOG^ A-<4l T £ A 
11 1 4 . ObO-«AN1TE 
11 14 .!<* OwKANITL 
1 1 U . 4 0 0otA ,j( Tf: 
1 1 1 * . JS /OGHAN I TE 
1 I H . O ' J O I I K A M T L 
1 J J i . T j p u k A M TL 
33 1 4 . dbOGf- ANI TE 
S 5 7 O 0 J 1 0 RO -*-b 

• «0 t C.-.2 
14 ,3oOGkA'JITE 
1 * . dbOoKA ^1 T L 
l b . 0 1 OGRANIT t 
1 b .2 ) CGRA -11 TE 
l j . / l ) OoRANlTL 
I S . bJOUKAN 1 Tt. 
l b . b ' J Jo r tAM TE 
l b . 70 CGrJA.i 1 TE 
K>.7; j 0G*AN 1 TE 
1 3 . J3 OG.<AN ITE 

1 I 2 M» CA 
S H A L E D F K A C T U H E E 

1 2 2 Sw 
1 I I MW 

WH 

44 
1 1 

1 1 
3 J 1 i-

lc. . yl OGKANll £ 
* l - l b . 

. J l OGHANl TE 
11 l b . JbOGRAMTL 
I I l to . 31 OGKAH ITE 
1 J 1 C W 3 0 G K A N 1 T E 
1 1 lO.3O0GWANIT6 
1 1 Ib.JbOGRA'-Jl TE 
33 1 t ) . b2 JGhANI TL 
S57O0310 fib b 
44 1 b .S2 1 * . l ^* 
1 1 lo .b20GrtAfMl TE 
I 1 I 7 . 4 6 0GRAN ITE 
t 1 17.57QGUANITE 
I I 17 .630GHANI TE 
I 1 17.670GWANITE 
I I 18.lbOGHAWJTE 
1 t LiJ.500Gf<A 4 I T E 
1 1 ld .6£10GRAM; T E 
I 1 Id .O^OGr iANIT -. 
II 1 <y.O? 0GKAN1 TE 
11 1^.12 O G H A M TE 
33 1<* • 190GRAMIT^ 
557^03 10 H3 
44 1 *> , IS-

1 9 . l ^ O G A -JlTE 
A N I U 

1^*71 OGkAJI T t 
20 .d t .0GnAi . lTL-
2 0 . 1 J O G K « N I T C 

2 0 . 190&RA.-JH L 
20.370G«AN1TE 
20.490GRAN I I ±. 
2 0 . B40G*ANlTE 
21 .21 OGRANITE 
21 .3B0GK4NITE 

33 2 I . 4 7 - 2 1 . 750GRAM 1 
33 2 t .dt-OGriANITE 
557dOJ10 H3 b 
44 2 1 • B b 2 2 . ; 
11 HI .SCJOGRAN I I t . 
11 21.BbOGRANITE 
I I 21 .97 0GRAN I I d. 
1 I 2 2 . 1 JOGrtANITt 
1 1 22 .33 0GR4NITE 
I I 22 .bU0GKANITu 
I I 22 , 6 C O J H A ' , I I C 
3 3 2 2 . B 7 0 J « A N l T £ 

1 1 2 MM 
2 3 Sft CA 

I CKNESS 
CACLwHdL <L M 
C L C A G R W H <1 M 
CACLWHGR <1 M 
CLCAULWH <1 M 
CLCAULwH <1 M 

1 2 1 0 0 . 0 6 6 . 0 2 0 . 1 2 1 .47 

A Z^^L wi 

SW CLCA BG» < 1 MH 33-i 
M* CLCAdLWH < 1 MH J2-> 
SW C L C A L J L G K < 1 MH 0 
MW CLCAGR«H < 1 MH J J j 
MM CLfAuhl»H < 1 MH 4 b 
SW CL-AGHWH < 1 MH 2 7 j 
M* CA < 1 3 0 b 
Sn v.ACLWHGtf < 1 MM 2 yL. 
sw CLCAGrtMH < 1 MH 2 d J 

M M CLCABLWH < 1 MH 1 1 b 

MM CLCAdLWH < 1 MH 1 9 D 
MH CLCAdLWH < 1 MH L 20 

1 1 1 2 Mm CACLWHGH<1-1MH 

2.<>t> 1 0 1 0 0 . J 1 0 0 - 0 0 . 2 
2 
I t 1 1 MW C L E P d L W H 1 MH 
1 1 I I MM C L < 1 
2 
I I 1 1 SW C L d L < l MH 
I I 3 2 SW C L B L < 1 MH 
I I 1 1 SW C L C A B L < 1 MH 

l b 
J P T A K L 

S T E W N A 

R O T A T C J 
2 b 
fab P A R T L Y 

2 7 J 
1 y O 
2 4 0 

4 0 
3 b 

1 1 L 1 Ml 

W C L C A B I KM < 1 

C A C L W H b . < 1 

b 7 1 0 1 0 0 . 0 9 8 . 5 0 0 . 2 b 
2 SW C A WH < 1 M h 
I MW C t _ C A d L M H < l - l MH 

C L C A B L < 1 - 1 M H 

H O T A I t J 
M 0 5 T L Y C L . 0 5 ; 0 

bHEAR~3 a 1 70 

^W CA 
MW CLCAdLWH <l 
SW C L C A G N J L . <l 
MW CLCAdLGP <I 

*lH 

I 1 1 SW CLCAdLWH <l MH 2 
1 I 2 SW CLCAdLWH <1 MH 
t 1 1 SW CLCAdLWH <1 MH 

LEU FRACT. WITH THICKNESS 2MM d=140 A=40 
UPTAKE 

2t'j 4b bTART 

1 1 2 2 M«r 
1 t 1 ? S* 

6I00.01O0.0 1.00 0.17 1.01 
Mw CL BL <1 
SW CLCABLwH <1 

SW CL 
SW CA <1 MH 

CA WH <l MH 
CLCAWHdL <i MH 

30b 
J40 
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5574)0310 H3 u 
4 4 2 2 . 8 7 Z J . 2 ? 
I 1 22.370JRAN I I £ 
I I 2 2 . 9 0 0 G R A N I T E 

i . 2 b O O O O . J O O O . O 0 . 0 0 0 . 0 0 

3 3 2 2 . 9 0 - 2 J . 2 7 ^ K A V E L 
3 3 CiNL F H ^ C T U H E 
3 3 2 3 . 2 7 0 G « A N l T " 
55780313 H3 7 
44 2 3 . 2 7 «;-j.*c, 
1 1 23.270iJKANlTE: 
1 1 2 3 . 2 7 0 G R * J l T E 
3 3 2 J . d 7 - 2 3 . S 0 A ^ A ^ t O 
1 1 2 3 . 5 i J G R A N I T E 
3 3 2 3 . S J - Z J . d l A S E A L L J 
1 1 2 3 . b l O - i h A U I T - -
I I c 3 . / J J j i « 4 N . 
I I 2 3 . 7 v O G R A N I l L 
I I 23.810GHANI1c 
I I 2 3 . 9 - t O ^ R A N l T L 
» 1 2 4 . 1 2 0 G R A N I T E 
3 3 2 * * . 1 2 - 2 4 . 3 b u R A t f ^ L 
i l 2 4 . 3 5 0 G R A N I T L 
1 1 2 4 . 3 b H G h A N I T E 
3 3 . f t . l D U G N x M T E 
5 5 7 8 0 3 1 3 A3 7 
4 4 2 < t t t 6 2 b * - 4 0 
1 1 2 4 . 4 O 0 G K A N I T L 
I 1 24 .31 0GR4NITi_ 
I I 2 4 . 6 3 O G H A N I T E 
1 1 2 4 . 7 3 J & K A H I T E 
1 1 2 4 * 3 7 0 - . 4 N J T -
1 1 2 4 . 4 7 J J H 4 N 1 T E 
1 1 2 5 . 0 * 0 G R * N l T L 
3 3 2<+ . 8 4 - 2 b . 1 7 0 j H A N I T-. 
1 1 2 b - L T O J H A N I T L 
1 1 2 5 . 2 7 O G H A N l T C 
3 3 2 J . 3 0 0 < i R A N l T _ 
5 ^ 7 ( 1 1 J 1 3 H 3 7 
4 4 2 ^ - 3 0 2 t > . 7 b 
1 1 2 J . 3 D T G R A N 1 T E 
1 1 2 b . 5 3 0 G r f A N l T t 
1 1 2 3 . 5 7 0 G W A . - U I o. 
1 1 2 o . 9 0 0 G R A N 1 TE 
I 1 2 6 * 0 7 0 G R A N 1 1 L 
I I 2 b , 1 3 0 G K * N l T L 
1 i 2 6 . J l 0 j H A N l T f 
1 L 2 o . J L O O U M ' . 1 TCI 

5 M CA MH < L MH 
MW C L C A d L W H 1 MH 

N A T U W M L F R A C T U R E F I L L E D fclTH 
H A b A L O T CF C A U - 3 M H J 

1 . 1 9 6 1 0 0 . 0 6 9 . 7 3 O . l t 0 
I 2 SW C A C L W H B L < 1 '-SH 
3 2 *W C A C L W H 3 L < 1 - I M H 

F R A C T U R E w I T H i l J A M T Z T H I C K N E : 
I 1 1 MW C L Q L < 1 MH 

K A C T U R E W I T H Q U A R T Z T H I C K N E ; 
1 3 2 Sw C L C A d L w H < 1 MH 

1 I 2 MW C L KH 

- 1 M H 
MW C L d L G R 
MW C L - i H ' 
Mw C L C A G R w H 1 MH 

T H E F R A C T U R E F I L L E D * I T H C L C A 
1 1 1 2 S * C L WH <t MH 
I 1 J ? SW C L C A d L a H < 1 MH 

6 ^ 8 . 7 0 . 

MW C L G R < 1 MH 
Mb C L A J 3 G W < 1 - 1 M H - H 
SW C L C A d L w H < 1 MH 
SW C L C A U L » H < 1 MH 
SW C L C A G K w H <.l MH 
SW C L Q L < 1 MH 
Sw C 4 

WH 
< 1 MH 
< 1 MH 

U P T A K E 
S T E N N A 

8 3 
7 0 6 5 S T A R T 

1 9 3 2 0 
S 4 4 M Q=IJQ A = t J 
1 6 t > 4 b 
i 4 - b M M B = 1 4 0 A = 5 - 1 0 
2 2 0 4 0 

2 < * J , 0 2 4 ^ 5 0 
J 3 3 5 0 
2 6 : J 3 3 

2 0 3 * 5 
2 6 3 > U P T A K E 

S T L N N A 
a 9 
2 4 0 6 5 S T A R T 
2 7 0 6 0 

5 7 0 
3 0 0 7 0 

4 5 5 0 
J<?3 5 0 
3 5 0 7 0 R O T A T E D 
2 5 0 - « 3 P A R T L Y C L O S E D 
2 9 0 t>0 R O T A T E D 

1 2 2 3W 

6 V 9 . 7 2 . 0 
SW C L U L G K < 1 
SW C L C A a L * H < 1 
MW C L C A d L W H < 1 

B L 

3 J ? o . b 0 - 2 C . d 2 0 J H A N 
3 3 « i o . b J ~ 2 7 . < * ! N J J 
1 1 2 t j . O l O G M A U T L 
1 1 2 6 . O 4 0 G K A N I r £ 
3 3 2e>« 7 f a u < j R A M TE 
5 5 7 d 0 3 1 u R J 

1 T ^ 

L C A W H 3 L < 1 MH 
SW C L B L * H < 1 MH 
SW CA WH < 1 MH 

H - S * C 4 WH < I MH 
3 * CA mil s: i ,-\<-i 
Mw C L C AWHtJL < 1 MH 

C A C _ » ( H 3 L < I MH 

. 0 5 

2d3 
3 4 0 
3 4 3 

6 0 
3 3 0 

5 0 
2 8 0 

S T E N N A 

3 5 S T A R T 

4 4 2 o 2 d . 2 ? 
2 6 , 7 c O u M A N 

1 1 2 t o . 7 u 0 i j « A ^1 T f : 
I I 2 6 . 9 9 0 G * A r * I T t : 
I I 2 7 , 0 7 0 G k A N I l E 
] 1 2 7 . 2 4 O G r i A N l T b 
I 1 2 7 . 3 7 0 G R ^ H I T £ 
I i 2 7 . 4 7 0 c i H A N l T r 
I I 2 7 , 9 1 O G R A N I T t 
I 1 2 9 . 1 4 O G k A N I I L 
3 3 2 d . 2 7 Q G k A N l TE 
5 5 7 0 3 1 3 **3 3 
4 4 2 d . 2 7 j - y . 0 1 
I I 2 8 . 2 7 0 G R * M l T E 
1 I 2 8 . 4 0 0 G K A N I T F 
I 1 2 3 . 4 4 O G H A M T £ 
I I 2 d . 3 5 0 G K A N i T £ 
1 1 2 8 . 7 0 0 G R A M I T E 
1 1 2 6 . 7 2 O G R A M T £ 
t 1 2 d . 7 7 0 ( j H A N I T E 
3 3 2 e . 7 1 - 2 b . d i G R A V E L 

1 0 1 . 8 1 0 1 . 
Sw C L B L 
Sfc C A WH 
SW C A MH 
SW C A WH 
SW H WH 
SW C". * H 
SW C A WH 
SW C L C A G R W H 
MW C L C A t J L G W 

0 . 1 9 1.52 

6 o rfUM TED 

5 0 S T A R T 

6 0 R O T A T E D 
3 b R O T A T E D 
4 b P A R T L Y I N D U C E D 

0*24 1*45 
1 1 Sw CACLGRWH <X 
1 1 SW CL GR <1 
3 2 Sw CA WH <1 
1 2 SW CL GR <1 
1 2 Sw CA WH <1 
2 2 SW CL RLGH <1 
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I \ titi . 6 1 D G H A N 1 T E 1 
3 3 2 9 . 4 6 - 2 9 . 7 8 S E A L E D F H A C T 
I I 2 9 . 7 3 0 G R A N I T E 1 
1 1 2 y , 7 4 0 G K A N I T E 1 
I I 2 9 . 8 » 0 G R A N t T E 2 
I 1 2 y . 9 b O G R A N I T E 1 
33 2 b . 2 7 - J u . 0 1 J G H A N i r e S E A L 
J 3 3 0 . 0 1 

1 1 2 MH CA HH < 1 MH 1 3 0 3 b 
• * 1 T H C A C L T H I C K N E S S < 1 - 1 M M H=19 0 A - J O 
1 1 1 SW C L C A d L H H < 1 MH 2 0 J 15 
1 1 2 SW CA WH < 1 MH 6 b 5 0 

4 4 0 0 . 0 0 1 . 4 6 
G K M N I T E 

0 . 0 2 O ^ M A N I T E 2 
O . O b J G H A N I T L 1 
0 . 1 7 0 G R A N I TE 1 
0 . 2 1 O G H A N I T E 2 
0 . 4 2 0 G R A N I T E 2 
0 . b 4 O G H A N I T L 1 

0 . 3 3 0 G H A N I T = S E A L = D F H A C 
0 • 3 7 0 G R A N I T E S E A L E D F k A C 
L . 4 t i O G H A N I Tc. 
B 0 3 0 7 H<* I 

1 . 4 d 2 . ^ 0 1 * 4 
1 . 4 6 0 G K 4 N 1 T E 
1 . 4 - ( * 0 G K A N I T L 
2 . 0 * O G R A N I T E 
2 . 1 1 Q G H A N I T E 
2 . 2 7 0 S R A N I T L . 
2 . 4 & 0 G R A N I T E 
2 . j l J G R A N I T E 
2 . o l O G K A N I TE 
2 . t o t . 0 G H A N 1 T E 
2 . d 2 0 G R « N l T E 

2 . a ^ - 2 . e 4 N O <_CR[i 

2.a* OGKANITE 
2 . 9 U U G H A N I T E 

a J J O ] « 4 1 

S T A R T 

M J S T L V I N D J C E O 

1 1 1 SM C L C A d L * H < 1 MH 
T U f l E W I T H E P 7 ( C L ) T H 1 C K N E 5 S < 1 M M d = 1 1 0 
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APPENDIX B-1 

HYDROLOGY TESTING DATA INVENTORY 
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APPENDIX B-l 
A. Inventory of Hydroloqy Test Data 

The following record sheets show, for each borehole, the interval 
tested, the numher of injection tests (inflow) and the number of outflow 
tests. Also the record shows, for each test, if the basic injection test 
data sheet, flowrate data sheet, stripchart record, teletype printer output 
and the teletype punch tape record are available. Additional information 
is provided in the comment column. 

The column labeled NRD indicates the nominal reference depth that was 
used during testinq. It was generally referenced to the bottom of the 
transducer pod in order to avoid problems when individual packer elements 
having different lenqths were placed in the packer assembly. 

* indicates information available 
indicates information missing or available in a different format 
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HVDROLOGV TESTING DATA INVENTORY 

I INTERVAL j . O F TESTS 

IN
JE

CT
IO

N 
TE
ST

 D
AT
A,
 

SH
EE

T 

FL
OW
 R

AT
S 

DA
TA
 S

HE
ET
 

ST
RI

PC
HA

RT
 

U J 

C3 
X 

a: o o 

FR
OM
 

o 

• 

1 OU
TF
LO
W 

IN
JE

CT
IO

N 
TE
ST

 D
AT
A,
 

SH
EE

T 

FL
OW
 R

AT
S 

DA
TA
 S

HE
ET
 

ST
RI

PC
HA

RT
 

TE
LE

TY
PE

 
PU
NC
H T

AP
 

' 
CO
MM
EN
TS
 

3H 1 48 50.0 52.03 0 * * . * 2m t e s t c a v i t i e s 

50 52.0 54.03 0 * * * * 
52 54.0 56.03 0 * a * * 
54 56.0 58.03 0 * * * * 
56 58.0 60.03 0 * * * * 
58 60 .0 62.03 0 * * * * 
60 62.0 64.03 0 * * * * 
62 64.0 66.03 0 * * * * 4* 
64 66.0 68.03 2 0 * * * * Stripchart 48-64 

* 66 68.0 70.03 0 * * * * Stripchart 66-84 
68 70.0 72.03 0 * * * * 
70 72.0 74.03 0 * * * * 
72 74.0 76.03 0 * * * * 
74 76.0 78.03 0 * * + * 
76 78.0 80.03 0 * * * * 
78 80 .0 82.03 0 * * * * 
80 82 .0 84.03 0 * * * * 
82 84 .0 86.03 0 * * * * 
84 

86 

88 

90 

92 

0 * * 

94 95.51 97.54 0 * » * * Stripchart 94, 96 

96 97.51 99.54 0 * * * * 
98 99.51 101.54 0 + * * * 

100 101.51 03.54 0 * # * * F or str ipchart 
102 103.51 05.54 0 * * * * see additional 

outnut for SBH-1 
105.4 07.45 0 - - ~ - Test not completed. 

104 105.53 07.56 0 * * * * 
104 105.51 07.54 0 * * * * 
105 105.51 07.50 0 * * * * 
106 107.53 09.66 0 * - * * Restarted-alr- in 

106 107.53 09.56 0 * * * * 11 nes. 
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HYDROLOGV TESTIfir, DATA KH'EUTORY 

INTERVAL * OF TESTS 

INJ
ECT

IO.
'I
 

TE
ST

 D
AT

A 
SH

EE
T 

FL
OW

 R
AT

E 
DA

TA
 S

HE
ET

 

ST
RI

PC
HA

RT
 j
 

TE
LE

TY
PE

 

1 
PU

NC
H 

TA
PE

 

BO
RE

HO
LE

| 

a; FR
OM

 

i— 

o 

OU
TF

LO
W 

INJ
ECT

IO.
'I
 

TE
ST

 D
AT

A 
SH

EE
T 

FL
OW

 R
AT

E 
DA

TA
 S

HE
ET

 

ST
RI

PC
HA

RT
 j
 

TE
LE

TY
PE

 

1 
PU

NC
H 

TA
PE

 

CO
MM

EN
TS

 

SBH 1 108 108.C 100,0 3 0 * * * * 
110 110.0 112.0 4 0 * * * * 
112 112.0 114.0 3 0 * * * * 3m t e s t c a v i t i e s 

114 114.0 116.0 3 0 * * * * 
116 116.0 118.0 3 g * * * * 
118 118.0 120.0 2 0 * * * * 
120 120.0 122.0 3 0 * + * * 
122 1220.0 124.0 3 0 * * • * 
124 124.0 126.0 3 0 * * * * 
126 126.0 128.0 3 0 * • * * 
128 128.0 130.0 3 0 * * * * 
130 130.0 132.0 2 0 * * * * •if 

N ' 132 132.0 134.0 2 0 * * » * 
134 134.0 136.0 2 0 * * * * 
136 136.0 138.0 3 0 * * * * 
138 138.0 140.0 3 0 * * * * 
140 140.0 142.0 2 0 * ' * * 
142 142.0 144.0 3 0 * « * * 
143 145.61 147.41 1 0 * * * No f l o w measured 

144 144.0 146.0 3 0 * * # * 
146 146.0 148.0 3 0 * * * * 
148 148.0 150.0 3 0 * * * * 
150 150.0 152.0 2 0 * * * * 
152 152.0 154.0 3 0 * * * * S t r i p c h a r t s 152-1 

152 154.0 156.03 2 0 * * • * See add. ou tpu t 
SBH 1 

154 156.0 158.03 2 0 * * * * 
156 158.0 160.03 2 0 • * * * * 
158 160.0 162.03 2 0 * * * * 
160 162.0 164.03 3 0 * * * * 

j 162, 164.03 166.83 0 0 * . * * T e s t stopped. 

1621 164.03 166.83 2 0 * * * ai r b lockaqe 
Zero - Flow 

162 164.0 166.03 3 0 * * * 
164 166.0 168.03 2 0 * * * * 
166 168.0 170.03 2 0 * * * i 

+ 
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HYDROLOGV TESTIHR DATA INVENTORY 

INTERVAL l OF TESTS 

IN
JE

CT
IO

N;
 

TE
ST

 D
AT

A 
SH

EE
T 

FL
OW

 R
AT

E 
DA

TA
 S

HE
ET

 

I TE
LE

TY
PE

 
PU

NC
H 

TA
PE

 

o 

o 
cr: 'IR

O 

FR
OM

 

o 

. 
IN

FL
OW
 
. 

OU
TF

LO
W 

IN
JE

CT
IO

N;
 

TE
ST

 D
AT

A 
SH

EE
T 

FL
OW

 R
AT

E 
DA

TA
 S

HE
ET

 

I TE
LE

TY
PE

 
PU

NC
H 

TA
PE

 

CO
MM

EN
TS

 

SBH 168 170.0 172.03 3 0 * . ft . 
170 172.0 174.03 2 0 * * * * 
172 
174 
176 

174.0 
176.0 
178.0 

176.03 
178.03 
180.03 

2 
2 
2 

0 
0 
0 

* 
* 

* 
* 

ft 

* 
ft 

• StHpcharts 174-20 
See add. output 
SBH-! 

178 180.0 182.03 2 0 + * ft « 
178 181.75 183.55 3 0 * ft • 
180 182.0 184.03 2 0 ft * * * 
182 184.0 186.03 2 0 * * * * 
184 186.0 188.03 2 0 * * * « 
186 188.0 190.03 4 0 * * * * 
188 190.0 192.03 2 0 * • ft * 
190 192.0 194.03 2 0 * * ft * 
192 194.0 196.03 2 0 ft * * * 
194 196.0 198.03 2 0 * * * * 
196 198.0 200.03 2 0 * * ft " 
198 200.0 202.03 2 0 * * ft * 
200 202.0 204.03 2 0 * * ft « 
202 204.16 205.96 2 0 ft * * ft 

204 207.26 209.06 3 0 ft • * * 
206 210.87 212.46 2 0 * * ft ft 

208 210.84 212.64 2 0 * * ft * 
210 212.64 214.44 2 0 * * ft ft' 

212 214.44 216.24 2 0 * * * ft 

214 216.24 218.04 2 0 * * ft * 
216 218.04 219.84 2 0 * ft ft * 
218 219.84 221.64 2 0 * ft ft * 
220 221.64 223.44 2 0 * * * * 
222 223.44 225.24 2 0 * * ft • 
224 225.24 227.04 2 0 * * ft • • 

226 227.04 228.84 2 0 * * ft « 
228 228.84 230.64 2 0 * * • * 
230 230.64 232.44 2 0 * » ft * 
232 230.64 232.44 2 0 * * * * 
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HYDROLOC TEST I NO DATA INVENTORY 

INTERVAL t IF TESTS 

IN
JE

CT
IO

N.
 

TE
ST

 D
AT
A.
 

SH
EE

T 

FL
OW

 R
AT

E 
DA

TA
 S

HE
ET

 

1 
ST

RI
PC

HA
RT

 1
 

TE
LE

TY
PE

 

PU
NC

H 
TA

PE
 1
 

SO
RE

HO
LE

 

NR
D 

FR
OM

 

G 
—* 
2- OU

TF
LO

W 

IN
JE

CT
IO

N.
 

TE
ST

 D
AT
A.
 

SH
EE

T 

FL
OW

 R
AT

E 
DA

TA
 S

HE
ET

 

1 
ST

RI
PC

HA
RT

 1
 

TE
LE

TY
PE

 

PU
NC

H 
TA

PE
 1
 

CO
MM

EN
TS

 

SBKl 234 234.24 236.04 3 0 • • * * 
<:36 236.04 237.84 4 0 * * * * 
238 237.84 239.64 3 0 * * * * 
240 239.64 241.44 2 0 * * * * 
242 241.44 243.24 2 0 * * * * 
244 243.24 245.04 2 0 • * * * 
246 245.04 246.84 2 0 * * * * 2 m Test Cavities 
248 246.84 248.64 2 0 * * * * 
250 248.64 250.44 2 0 * * * * 
252 250.44 252.24 2 0 * * * * 
254 252.24 254.04 2 0 * * * * 

•i / 256 254.04 255.84 2 0 * * * * 
258 255.84 257.64 2 0 * * * * 
259 257.64 259.44 2 0 * * # * 
260 259.44 261.24 2 0 * * * * 
262 261.24 263.04 2 0 * * * * 
264 263.04 264.84 2 0 * * * * 
266 264.84 266.64 2 0 * * * * 
268 266.64 268.44 2 0 * * * * 
270 268.44 270.24 2 0 * * * * 
272 270.24 272.04 2 0 * * * * 
274 272.04 273.84 2 0 * • * * 
276 273.84 275.64 5 0 * - * * 
277 275.64 277.44 2 0 * * * * 
278 277.4.4 279.24 2 0 * * + * 
280 279.24 281.04 2 0 * * * * 
282 281.04 282.84 2 0 * * • * 
284 283.27 284.64 3 0 * * * + 

286 284.64 288.44 2 0 * * * * 
288 286.44 288.24 2 0 * * * * 4> 
290 288.24 290.04 2 0 * * * * 
292 291.84 293.64 2 0 * * * • 
294 293.64 295.44 2 0 + ik * * 
296 295.44 297.24 2 0 * * * * 
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HYDROLOGV TESTING DATA INVENTORY 

INTERVAL < OF TE5TS 

FL
OW

 R
AT

E 
DA

TA
 S

HE
ET

 

ST
RI

PC
HA

RT
 

TE
LE

TY
PE

 
PU

NC
H 
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PE

 

\ 
SO

RE
HO

LE
 

NR
D 

FR
OM
 

; 

o 1 

OU
TF

LO
H 

IN
JE

CT
IO

ri 
TE

ST
 D

AT
A 

SH
EE

T 

FL
OW

 R
AT

E 
DA

TA
 S

HE
ET

 

ST
RI

PC
HA

RT
 

TE
LE

TY
PE

 
PU

NC
H 

TA
PE

 

CO
MM

EN
TS

 

;BH n 296 297.24 299.04 3 0 • * * * 2 m test cavities 
300 299.04 300.84 2 0 * * # + 

302 300.84 302.64 2 0 * * * * 
304 302.64 304.44 2 0 * * * * 
306 304.44 306.24 2 0 * * * * 
308 306.24 308.04 2 0 * * * * 
310 303.04 309.84 2 0 * * + * 
311 309.84 311.64 2 0 * * * » 
312 311.64 313.44 2 0 * * * * 
314 313.44 315.24 3 0 * - * * 
316 315.24 317.04 ", 0 * - * * Flow rates noted 
318 317.04 318.84 3 0 * - * * but no data sheet 
320 317.84 320.64 3 0 • - * * 
322 320.64 322.44 2 0 * - * * 
324 322.44 324.24 3 0 * - * * 
326 324.24 326.04 4 0 * - * * 
327 326.04 327.84 2 0 * * * * 
328 327.84 329.64 2 0 * * * * 
330 329.64 331.44 2 0 * + * + 

332 331.44 333.24 2 0 * * * * 
334 333.24 335.04 2 0 * * * * 
336 335.04 336.84 2 0 * * * * 
338 336.84 338.64 7 0 * - * * Flow rates noted 
340 338.64 340.44 2 0 * * * * 
342 340.44 342.24 2 0 * * • * 
344 342.24 344.04 2 0 * * * * 
345 344.04 345.84 2 0 * * * * 
347 345.84 347.64 2 0 * • > * • 
349 347.64 349.44 2 0 * * * * 
350 349.44 351.24 2 0 * " * « 
352 351.24 353.04 2 0 * * * * 
354 353.04 354.84 2 0 * < • * * 
356; 354.84 356.64 3 0 * •' * * 

(_ 358 356.64 358.44 2 0 * • * 
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HYDROLOCV TESTING DATA i NVF'JTORY 

i INTERVAL * OF Tt?TS ^ I _ ^ 
UJ t 1 S F 5= U J n L I 

3 — cr < -c O i O t- o o i_> h-

ui U J I - UJ 3 <: u> 
i ^ c - ^ <S> LU o y— cc ZL 

o 01 e; c z- 1 3 Z W I _ i • * \~ => c"- 1 :" u- *~ ""' O — >- l / l LL. Q ISl "" O . "-" 
SBH J f 

360 
358.44 360.24 3 0 * ft * * 2 m test cavit ies 

362 360.24 362.04 3 0 * * * * 
363 362.04 363.84 3 0 * * * * 
364 363.84 365.64 3 0 * * * * 
365 365.64 367.44 3 0 * * * * 
368 367.44 369.24 2 0 * * * * 
370 369.24 371.04 2 0 * * * •* \k 

372 371.04 372.84 2 0 * * * * 
V 374 372.84 374.64 2 0 * • * * 

376 374.44 376.44 2 0 * * * * 
378 376.44 378.24 2 0 * * • * 
380 378.24 380.04 3 0 * + * • 
381 380.04 381.84 3 0 * * * * 
382 381.84 383.64 3 0 * * * 

SBH 1 i 50.0 56.0 3 0 . * » 6-7 m Test Cavi tie 
2 60. 66. 2 0 ' * * 
3 86. 92. 4 0 * * * 
- 103 110 8 0 * * * 
- 175.39 186.61 3 0 * * * 
- 231.39 238.61 3 0 * * * 
- 2/2.89 280.11 3 0 * • * 
- 290.39 297.61 3 0 > * * 
_ 294.39 301.61 3 0 * * . •4/ 

^ t - 314.89 322.11 2 0 * * * 
318.89 326.11 2 0 * 
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HYDROLOr,Y TLSTIIir, DATA INVENTORY 

INTERVAL I OF TESTS 

IN
JE

CT
IO

N 
TE

ST
 D

AT
A 

SH
EE

T 
1 

FL
OW

 R
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E 
1 

DA
TA

 S
HE

ET
 j
 

"i 

TE
LE

TY
PE

 

PU
NC

H 
TA

PE
 

BO
RE

HO
LE

 

8 
u. h-

IN
FL

OW
 

OU
TF

LO
W 

IN
JE

CT
IO

N 
TE

ST
 D

AT
A 

SH
EE

T 
1 

FL
OW

 R
AT

E 
1 

DA
TA

 S
HE

ET
 j
 

"i 

TE
LE

TY
PE

 

PU
NC

H 
TA

PE
 

CO
MM

EN
TS

 

SBH1 65.19 64.61 65.41 2 0 * * * * # 1 0.8 m Test Ca 

77.73 77.15 77.95 2 0 ft * * * # 2 

BO. 92 
211.02 
220.69 
231.08 

80.34 
210.44 
220.11 
230.50 

81.16 
211.24 
220.91 
231.30 

2 
3 
4 
2 

0 
a 
0 
0 

* * 
ft 

* 
* * 

* * * * 
* 
* 
* 

I 3 
i 4 

5 
6 

251.0 250.42- 251.22 2 0 * * * * 7 

259.23 2 0 * * * * 8 

264.15 2 0 * * * * 9 

285.39 3 0 * * * * 10A 

285.05 3 0 * * lr * 10B 

298.04 2 0 * * * * 11 

303.03 2 0 * + * * 12 

313.43 
328.05 
323.05 
341.23 

3 
2 
2 
2 

0 
0 
0 
0 

* * * 
ft 

* * * 
* * * 
ft 

* * * 
13 
14A Faulty valve 
14B Injection ta 
15. 

342.65 1 0 * * ft « 16 

211.02 3 0 * * ft * 1 

220.69 3 0 + * ft * 2 

231.08 2 0 + * ft + 3 

251.5 4 0 * * ft * 4 
259.2? 3 0 + * ft * 5 

254.15 4 0 * * ft * 6 
285.05 4 0 * * * « 7 

293.04 3 0 * * * * 8 

303.03 3 0 + * ft * 9 
303.43 3 0 * * ft * 10 
328.05 2 0 * * * * 11 

341.23 2 0 * * * * 12 

: 4 . ' . 23 3 0 ft * * * 13 

?53.60 3 0 * * . * 14 

351.53 3 0 * * • * 15 

353.35 2 0 * * ft * 16 

37-1.20 3 0 * ft ft * 17 
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HYDROLOC.v TESTING DATA INVENTORY 

INTERVAL t OF TESTS 

IN
JE

CT
IO

H 
TE
ST

 D
AT
A 

SH
EE

T 

FL
OW

 R
AT

E 
DA
TA
 S

HE
ET

 
1 

ST
RI

PC
HA

RT
 1

 

TE
LE

TY
PE

 
PU

NC
H 

TA
PE

 

5: c-BO
RE

HO
LE

l 

o a: 
2T FR

OM
 

c 
t — IN

FL
OW
 
i 

OU
TF

LO
W 

IN
JE

CT
IO

H 
TE
ST

 D
AT
A 

SH
EE

T 

FL
OW

 R
AT

E 
DA
TA
 S

HE
ET

 
1 

ST
RI

PC
HA

RT
 1

 

TE
LE

TY
PE

 
PU

NC
H 

TA
PE

 

5: c-

SBH 2 21 20 22 4 0 * * • * 2 in Test Cav 
23 22 24 4 0 * * * * 
25 24 26 3 0 * • * * 
27 26 28 2 0 * * * * 
29 28 30 3 0 * * * ik 

31 30 32 2 0 * * * * 
33 32 34 2 0 * * * * 
35 34 36 4 0 * * * * 
37 36 38 3 0 * * * * 
39 38 40 2 0 * * * * 
41 40 42 2 0 it * * * 
43 42 44 3 0 * * * * 
45 44 46 2 0 * * - • 
47 46 48 1 0 * • * * * 
49 48 50 3 0 * * * • Test #1 
49 48 50 2 0 * * * * Test #2 
51 50 52 1 0 * * * * 
53 52 54 2 0 * * » * 
55 54 56 3 0 * * * * 
57 56 58 2 0 * * * * 
59 58 60 1 0 * * * * 
61 60 62 3 0 * * * » 
62 61 63 1 0 * * • * 
63 62 64 ;> 0 * * + * 
65 64 66 1 0 * * • * * 
67 66 68 2 0 * * • * 
69 68 70 1 0 * * » * 
71 70 72 3 0 • * * ' • * 
73 72 74 2 0 * * * * 
75 74 76 

78 
2 0 

0 
* * * • 

1 79 78 80 3 0 * * * • 
1 81 80 82 1 1 0 • * * * * 
1 83 82 84 1 2 0 * * * * 
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HYOROLOGV TESTING PATA INVENTORY 

INTERVAL 

85 
87 
89 
91 
93 
95 
97 
99 
101 
103 
105 
107 
109 
111 
111 
113 
115 
117 
119 
121 
123 
125 
127 
129 
131 
133 
135 
137 
U9 
141 
143 
145 
M7 
149 

90 
92 
94 
96 
98 
100 
102 
104 
106 
108 
110 
110 
112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 
136 
13B 
140 
142 
144 
146 
148 

* Of TE.'TS 

90 
92 
94 
96 
98 

100 
102 
104 
106 
108 
110 
112 
i • 

il4 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 
136 
138 
140 
142 
144 
146 
148 
150 

o i— 

2 m Test Cavities 

1st Test 
2nd Test 
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H'.DROLOGV TESTING DATA INVENTORY 

INTERVAL t OF TESTS 

1 IN
JE

CT
IO

fl
 

TE
ST

 D
AT
A,
 

SH
EE

T 

FL
OW

 R
AT

E 
DA
TA

 S
HE
ET
 

I TE
LE

TY
PE

 
PU

NC
H 

TA
PE

 

BO
RE

HO
LE

] 

O 

FR
OM

 

c INF
LOW

 
. 

OU
TF

LO
W 

1 IN
JE

CT
IO

fl
 

TE
ST

 D
AT
A,
 

SH
EE

T 

FL
OW

 R
AT

E 
DA
TA

 S
HE
ET
 

I TE
LE

TY
PE

 
PU

NC
H 

TA
PE

 

CO
MM

EN
TS

 

i 

SBH 2 151 150 152 1 0 * * * 2 m Test cav 
153 152 154 2 0 * * * 
lib 154 156 1 0 * * * 
157 156 158 1 0 * + * 
159 158 160 1 0 * * * 
161 160 162 1 0 * * * 
163 162 164 1 0 * * * 
165 164 166 2 0 * * * 
167 166 168 1 0 * * * 
169 168 170 2 0 * * * 
171 170 172 1 0 * * * 
173 172 174 1 0 * * * 
175 174 176 1 0 * * * 
177 
179 

176 
178 

178 
180 

1 
2 

0 
0 

* , Test not usee 
too short. 

179 178 180 2 0 * * 
181 180 182 2 0 * * 
183 182 184 2 0 * * 
185 184 186 2 0 * * 
187 186 188 2 0 * * 
189 188 190 2 0 * * 
191 190 192 2 • 0 • * 
193 192 194 2 0 * * 
195 194 196 2 0 * * 
197 196 198 2 0 * * 
199 198 200 2 0 * + 

201 200 | 202 2 0 * * 
203 202 ' 204 2 J *, * 
205 204 '' 206 3 0 * * 
207 206 . 208 2 0 * * 
209 208 i 210 1 0 * * 
211 210 J 212 2 0 * * 
213 212 214 3 0 * 
215 214 j 216 2 0 * * | 
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HYDROLOGV TFSTINr, DATA INVENTORY 

INTERVAL 

217 
219 
221 
223 
225 
22? 
229 
231 
233 
235 
237 
239 
241 
243 
245 
247 
249 
251 
253 
255 
"57 
259 
261 
263 
265 
267 
269 
271 
27 3 
275 
277 
279 
281 
283 

216 
218 
220 
222 
224 
226 
228 
230 
232 
234 
236 
238 
240 
242 
244 
246 
243 
250 
252 
254 
256 
258 
260 
262 
264 
266 
268 
270 
272 
274 
276 
278 
280 
282 

218 
220 
222 
224 
226 
228 
230 
232 
234 
236 
238 
240 
242 
244 
246 
248 
250 
252 
254 
256 
258 
260 
262 
264 
266 
268 
270 
272 
274 
276 
278 
280 
282 
284 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 m Test Cavities 



-126-

HYDROLOGY TESTING DATA INVENTOR" 

1 INTERVAL f OF TESTS 

FL
OW
 R

AT
E 

DA
TA
 S

HE
ET

 

•a: 

HZ 

CX 

1 
| 

TE
LE

TY
PE
 

| 
PU

NC
H 

TA
PE

 

BO
RE

HO
LE

! 

NR
D 

FR
OM

 

c OU
TF

LO
W ll FL

OW
 R

AT
E 

DA
TA
 S

HE
ET

 

•a: 

HZ 

CX 

1 
| 

TE
LE

TY
PE
 

| 
PU

NC
H 

TA
PE

 

CO
MM

EN
TS

 

SB! 2 285 284 286 1 0 * * 2 m test cavities 
287 286 288 1 0 * * 
289 288 290 2 0 * * 
291 290 292 2 0 * * 
283 292 294 2 0 * * 
295 294 296 2 0 + * 
297 296 298 2 0 * * 
299 298 300 2 0 * * 
301 300 302 2 0 * * 
303 302 304 2 0 * * 
305 304 306 2 0 * * 

\ ( 307 306 308 2 0 * * 
309 308 310 2 0 * * 
311 310 312 2 0 # * ^ 
313 312 314 2 0 * * 
315 314 316 2 0 * * 
317 316 318 2 0 * k 

319 318 320 2 0 * ' 
321 320 322 2 0 * * 
323 322 324 2 0 * > 
325 324 326 2 0 * * 
327 326 328 2 0 * * 
329 328 330 2 0 * * 
331 330 332 2 0 # * 
333 339 334 2 0 + * 
335 334 336 2 0 + * 
337 336 338 2 0 * * 
339 338 340 2 0 * * 
341 340 342 2 0 * * 
343 342 344 2 0 * * 
345 334 336 2 0 * * 
347 346 348 3 0 * * 
349 348 350 2 0 * * 
351 350 352 2 0 * * | 
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HYDROLOGY TESTING DATA INVENTORY 

INTERVAL » OF TESTS 

11 
353 
355 

352 
354 

1.61 
3.61 
5.61 
7.61 
9.64 
11.64 
13.64 
15.64 
17.67 
19.67 
21.67 
23.67 
25.66 

354 
356 

3.61 
5.61 
7.61 
9.61 
11.64 
13.64 
15.64 
17.64 
19.67 
21.67 
23.67 
25.67 
27.66 

2m test cavities 
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H»L)ROLOGV TESTING DATA INVENTORY 

INTERVAL 

3 5 

2 

2 

4 

6 

8 

10 

12 

14 

16 

16 

16 

20 

22 

24 

1.7 
2.5 
5.4 
6.4 
7.2 
9.8 

10.4 
12.2 
15.2 
8.2 

18.9. 
20.8 
23 
27 
28 

09 
05 

.98 

.08 

.04 
02 
01 
00 
38 
72 
80 
84 
72 
88 

1.61 
2.33 
5.2 
6.21 
7.01 
9.59 

10.27 
11.99 
15.01 
18". 03 
18.75 
20.66 
22.96 
27.13 
28.39 

6.12 
6.08 
8.01 

10.11 
12.07 
14.05 
16.04 
18.03 
19.91 
19.75 
21.83 
23.82 
25.80 
27.91 

1.95 
2.67 
5.54 
6.55 
7.35 
9.93 

10.61 
12.33 
15.35 
18.37 
19.09 
21.01) 
23.3D 
27.47 
23.73 

Redone 
2 m Test Cavities 

(teletype see 
HG3 I 4 teletypi 
output) 

test cancelled,"lea> 

? distances wronq 

-34m test cavities 
(single 'racture 

tests) 

Teletype see HG3S4 
Teletype output 
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HVDROLOGV TESTING DATA INVENTORY 

INTERVAL ?0F rESTS ,_ i— £ 
UJ o *— 1— OJ < LU | <s\ 
- J — <c <: :x i -JZ Q . 
o 3 o h- a en ui 1 <-J >-I E 3 —1 u t— 1— 
U J E - i Li­ UJ ( - UJ 2: <c U J O 
ai o O u - ^>1/1UJ o (- cc z 
O K o =r za r u j i _» <: I— => en TZ l u t— o ~ 1— lyn U - O t— a. o 

HG7~ 2 3.87 5.85 2 * * * 2m Test Cavities 
4 5.78 7.76 2 + * * 
6 7.79 9.77 0 * - * abort, a i r in cavity 
e 7.81 9.79 2 + * * 
8 9.87 11.85 1 * * teletype NRD 2-8, 

12-16,20-26 see 
10 11.82 13.80 2 * * see HG3&4 teletype 
12 13.81 15.79 2 + * * output. 

14 15.92 17.90 2 * * * 
16 17.77 19.75 2 • * 
18 19.86 21.84 2 * 
20 21.84 23.82 2 * * 
22 23.81 25.79 2 * * 
24 25.81 27.79 2 * * 
26 27.91 30.0 2 * * 

HG 4 1.2 
3.6 
6.0 
8.0 

1.05 
3.47 
5.91 
8.03 

1.39 
3.HI 
6.4 
8.52 

0 
0 
0 

1 

1 

0 

1 

* 
* 
* * 

' -34m test cavit ies 
.49m cavit ies no 

test 

10. 9.99 10.48 0 * * (teletype 20.-27.2 
r,ee HG4 teletype 

15.5 15.46 15.'15 0 * * output single f rac ­
20. 
20.5 

13.71 
20.53 

20.1! 
21.1)2 

0 

1 

* 
* * k 

k 

ture) 

26.5 26.39 26. « l 0 * * * 
27.2 26.39 26.81) 0 * + * wi l l not h i t f r a c ­
28.5 0 * ture? 

No test-too close 
to end of borhole 
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HV!)R0l.0r." TEST IW, DMA IIIVfiT'lR1' 

0 
2 
4 
6 
a 

10 
12 
14 
16 
18 
20 
22 
24 
26 

I t OF TESTS 

2.14 
4.14 
6.10 
8.14 

10.14 
12.14 
14.14 
16.14 
18.14 
2 0 . 1 4 

22.14 
24.14 
26.14 

4.14 
6.14 
8.10 

10.14 
12.14 
14.14 
16.14 
18.14 
20.14 
22.14 
24.14 
26.14 
28.14 

2m Test Cavities 

teletype see HG 6 
teletype output 

Not tested.air leak 
in svsterr. 
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HVDROLOGV TESTINfi DATA INVENTOR* 

INTERVAL 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

1.47 

2.2 

3.9 

4.6 
5.B 
6.5 
10.3 
12.6 
14 
15.9 
21.6 
23.1 
24.7 

2.04 
3.98 
5.98 
8.08 

10.02 
12.09 
14.00 
15.9! 
17.96 
19.97 
22.01 
23.97 
25.97 

1.30 

2.03 

3.73 

4.45 

•5.66 
6.41 

10.16 
12.45 
13.79 
15.76 
21.44 
22.93 
24.81 

4.47 
6:41 
8.'41 

10.32 
12.26 
14.33 
16.24 
18.19 
20.2 
22.21 
24.25 
26.21 
28.21 

1 o4 
2.37 
4.07 
/ T 9 

I JO 

6.75 

0.50 

12.79 

14.13 

16.10 

21.78 

23.27 

24.85 

a OF TESTS 

2 «s 

2m test cavit ies 

values missing frotr 
sheets see teletype 
str ipcharts 6-24 
see R3,R5 str ipchart 
teletype 8,16-24 see 
R holes teletype 
Teletype 0-4 see 
HG5 18-24 

0.34 m test cavities 
(single fracture) 

Teletype,see cross 
Referenced files 

End of testing in 
R-3 hole blocked •» 
26.67 
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HYDROLOGV TESTKIf, DATA INVENTORY 

10 
12 
11 
16 
18 
20 
22 
24 
26 
28 

1.5 

7.3 

13.1 

16.5 

18.1 

18.9 

19.8 

24.9 

27.9 

3.90 

5.90 

7.90 

9.90 
11.90 

13.90 

15.80 

17.82 

19.80 

21.92 

23.92 

25.85 

27.93 

1.36 

10.42 

14.96 

8.24 

19.87 

20.65 

21.58 

26.65 

27.61 

6.11 

8.11 

10.11 

12.11 

14.11 

16.11 

18.01 

20.03 

22.01 

24.13 

26.13 

28.06 

30. 

1.85 

10.91 

15.45 

8.73 

20.36 

21.14 

22.07 

27.14 

28.10 

2m t e s t C a v i t i e s 

S t r i p c h a r t s 14-26 

See HG-2 S t r i p c h a r t s 

0.49 m Test 

Cavi t i e s 

( s i n a l e f r a c t u r e ) 

Test D iscon t inued 

Te le type see R4,5 

Te le t ype ou tpu t 

( s i n g l e f r a c t u r e ) 
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HYDROLOGV TESTING DATA INVENTORY 

INTERVAL 

12 <c 

3.4 
9.8 

10.3 
11.3 
12.7 
15.5 
17.2 
18.9 
21.0 
22.2 
26. 
27.1 
28.5 

2.13 
4.26 
6.32 
8.37 

10.52 
12.56 
14.67 
16.79 
18.82 
21.02 
23.11 
25.17 
26.08 

1.47 
3.21 
9.60 

10.09 
11.15 
12.54 
15.31 
17.07 
18.74 
20.89 
22.03 
25.92 
26.95 
28.32 

4.24 
6.37 
8.43 

10.48 
13.63 
14.67 
16.78 
18.90 
20.93 
23.13 
25.22 
27.28 
28.19 

1.81 
3.55 
9.94 

10.43 
11.49 
12.88 
15.65 
17.41 
19.08 
21.23 
22.37 
26.26 
27.29 
28.66 

2m Test Cavities 

Stripcharts 2-24 
see str ipcharts R3,5 

Teletype see R-Holes 
Teletype output 

0.0 flow - no injec­
t ion test done 

0.0 flow,no injec­
t ion test done 

0.34m Test 
Cavities 

Teletype see R4,5 
Teletype output 
(single fracture) 
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HYDROIOGV TESTING DATA INVENTORY 

INTERVAL 

12 
16 
20 
24 
28 
32 
36 
40 

6 
10 
14 
18 
22 
26 
30 

2.0 

3.77 

7.77 

11.77 

15.77 

19.77 

23.77 

27.77 

31.77 

35.77 

1.77 

5! 77 

9.77 

13.77 

17.77 

21.77 

25.77 

6 .0 

7.77 

11.77 

15.77 

19.77 

23.77 

27.77 

31.77 

35.77 

39.77 

5.77 

9.77 

13.77 

17.77 

21.77 

25.77 

29.77 

<m Te:t Cavities 
usinq siiqhtly 
different data she 
sheets 
flowrates not calc. 
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HVDROLOGV TESTING DATA INVENTOR* 

INTERVAL e OF re?TS ,_ t - ^ 
LU o f < UJ | IS\ 

^ — •a: <C u= 3 : 
O o t~ o ce u-> o 
X a u> t - Q . (— E - 1 W >- UJ 2 < '_> i a o t— " J U l t d O f— a : z i o cc o z : => z u i - —( <C l - U J Z3 
cc 

* • 
lJ_ i— o ~ f - i n u . o u-> 1 - a. t_3 

-8 
1 

2 3.97 6.00 2 2 * * * 2m Test C a v i t i e s 
2.0 4.07 6.06 0 2 * * * 

4 6.03 8.06 2 2 * * * 
6 8 .04 10.07 3 2 * + * 
8 10.01 12.02 2 2 * * * 

10 12.00 14.03 2 2 + * * 
12 14.01 16.04 2 1 * * * 
14 16.02 18.05 2 1 * * * 
16 18.05 20.08 2 1 • * * * 
18 19.99 22.02 2 1 * * * 
20 22.02 24.05 2 2 + * • 1 2 

20 21.99 24.02 2 2 * * * * 2 
22 24.01 26.04 2 3 * * * 
24 26.01 28.04 2 2 * * * Tele type 26 see R-
26 28.09 30.04 2 2 * * * 4oles Te le t ype 

ou tpu t 

-8 1 1.31 2.15 0 1 . . * * s i n q l e f r a c t u r e 
2 1.68 2.52 0 0 * * * # 0.85 m Test C a v i t i e 
2.5 2.26 3.10 0 0 * * * * " 
3.0 2 .89 3.73 1 0 * * * * » 
3.5 3.31 4.15 1 0 * * » * » 
4.5 4.08 4.92 1 0 * * * * May not be v a l i d 
5.5 5.27 5.73 1 0 * * * * 0.46m t e s t t e s t 

10. 9 .80 10.26 \ 0 * * + * c a v i t i e s 

10.5 10.44 10.9 1 0 * * + * » 
i 11.5 11.41 11.87 0 1 * * •• 

13.2! 13.12 13.58 0 1 * * « 
9 .2 ! 19.06 19.55 0 1 * * * Oata not v a l i d , t e s t 
9.5 19.61 20.10 0 1 * * redone 

i 

21.5 21.56 22.05 1 0 * 
t r i D c h a r t s 1-10.5 
ee R8,R9,R10 
e>etype 1-11.5 see 
-ho les t e l e t y p e 
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MYDROLORY TESTING DATA INVENTORY 

INTERVAL 

3. 
5. 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 

; 16. 
! 19-
! 2'-
j 22. 
i 24. 
I 25. 

26. 
26. 
7. 

01 
05 
03 
02 
06 
07 
02 
04 
00 
01 
06 

.75 

.99 

.18 

73 

71 

06 

38 

10 

75 

6.02 

8.01 

10.04 

12.08 

14.06 

16.05 

18.09 

20.10 

22.05 

24.07 

26.03 

28.04 

30.03 

3.09 

9.33 

11.52 

17.07 

20.05 

21.4 

22.72 

24.44 

26.09 

27.2 

27.20 

7.37 

i OF TESTS 

2m Test Cavi t i e s 

Teletype 4 -12 ,14-24 see 
S-Holes Te le t ype o j t p u t 

i i n g l e f r a c t u r e 

0.34 m Test C a v i t i e s 

i t n ' p c f i a r t s - s e e R8.R9, 
MO S t r i p c h a r t s 

e l e t y p e see R-Holes 

Te le t ype ou tpu t 
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HYDROLOGY TESTING DATA INVENTORY 

INTERVAL if OF TESTS H - ,_ U J 

S J* £ E CC 

TA
P 

^ 3 •— <£ ig JZ Q . TA
P 

t— 
3 c ig u sc 
O t-> t - <&. 1— =c 

E _u U< LLJI- LJ ZS <C UJ o I o t - T W W CH k- Q£ = I ce O z ; Z 5 2 U 1 - -J <C I D o 
C3 ^ u. f- ~ O — h- u3 U. Q l ~ a . u 

R-10 2 3.83 5.81 2 2 * * * 2m Test Cavities 

4 5.87 7.85 2 2 * * * 
6 7.90 9.88 2 2 * * * 
8 9.88 11.86 2 3 * * * 

10 11.80 13.78 2 2 * * * 
12 13.87 15.85 2 2 * * * 
14 15.84 17.82 2 2 * * * 
16 17.85 19.83 2 2 * * • * 

ia 19.85 21.83 2 2 * * * 
20 21.81 23.79 0 0 * - * - Equip. Failure Rerun 
20 21.80 23.78 2 2 * * 

? 23.77 25.75 0 0 * - - - Aborted 
22 24.03 26.06 2 2 * * * 
24 26.01 28.04 2 2 ^ * * Teletype , 0 . 1 8 j 2 0 . 2 6 

26 28.08 30.04 2 2 * * * see R-Holes teletype 
output 

R-lO 1 3.91 4.76 1 1 * * * * Single fracture 
2 2.69 3.54 0 1 * * * 0.85 ra Test Cavities 

3 5.03 5.88 1 1 * * * * 
« 5.93 6.78 0 1 * * * Stripcharts see R8.R9 

5 8.30 9.15 0 1 * * * R10 Stripcharts 
6 8.80 9.65 1 1 * * * * 
7 11.83 12.68 1 2 * + * * teletype 1-4 see R«Ho 
8 16.31 17.16 1 4 * * * * teletype output 
9 17.12 17.97 1 2 * • + * 

10 24.58 25.43 1 1 * * * * 
11 11.81 12.66 11 1 * 
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HYOROLOGY TESTING DATA INVENTOR'' 

U J 

I 

O 
X 
U i z: O o O cc a: a 2 ! "-

S-l 4 5 . ' 
6 7. 
8 S\i 

10 11.9 

12 13. 
14 16.0 

16 17.9 

18 19.8J-

20 2 1 . ' 

24.C 

25.9 

2 8 . t 

3 0 . ' 

31.9 ' 

33.9, 
35.9 

4.C 
5.9 
8.0 
9.gi­

l l . 9 
14.C 
15.9 
18.0 
19.9 
21. it 
23.5 
25.9 
28. i 
29.' 
31.0 

33.98 

35.96 

7EDVAL * OF TESTS 

IN
JE

CT
IO

N 
TE

ST
 D

AT
A 

SH
EE

T 
FL

OW
 R

AT
E 

I 
DA

TA
 S

HE
ET

 1 
ST

RI
PC

HA
RT

 

TE
LE

TY
PE

 
PU

NC
H 

TA
PE
 '
 

O IN
FL

OW
 

OU
TF

LO
W 

IN
JE

CT
IO

N 
TE

ST
 D

AT
A 

SH
EE

T 
FL

OW
 R

AT
E 

I 
DA

TA
 S

HE
ET

 1 
ST

RI
PC

HA
RT

 

TE
LE

TY
PE

 
PU

NC
H 

TA
PE
 '
 

'[ C
OM

ME
NT

; 

8.01 0 * . • 2 m Test C a v i t i e s 

9.96 0 * * * 
12.01 0 * * * 
14.02 0 * * * 
16.01 0 * * * 
18.03 0 0 * * * 
20.0 0 * * * 
21.99 0 * * * 
24.07 0 * * ' 
26.10 0 * * ' 
28.01 0 * * * 
30.06 0 * * ' 
32.01 0 * - * 
33.99 0 # * -
36.00 0 * * * 
37.98 0 * * * 
6.11 0 * * * 
7.96 0 * * * 

10.07 0 + * * 
12.01 0 * * • 
14.01 0 * * * 
16.02 0 * * • 
18.00 0 * * * 
20.06 0 * * * 
21.99 0 * * * 
23.99 0 * * * 
26.0 0 -1 * * * 
28.01 0 * * * 
30.04 0 * * * 
32.01 0 * * * 
31.98 0 * * * 

| 36.01 + * 1 
37.99 0 1 * No t ime f o r f l ow U 
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APPENDIX B-2 

HYDROLOGY TESTING PROCEDURES 
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APPENDIX B-2 

B2.1 INTRODUCTION 

Hydroloqic t e s t i n q was performed at S t r i o a , dur inq the per iod May 

15, 1979 to March 30, 1980, in boreholes d r i l l e d from the qround surface 

(surface) and from the mine workings (subsur face) . Di f ferences between 

t e s t environments encountered during t e s t i n q of the surface and subsurface 

boreholes required the devflopment of d i f f e r e n t tes t procedures. However, 

the techniques fo r prepara -on of equipment p r i o r to t es t i nq were s im i la r 

f o r both systems. The f o l ^ w i n g sect ion contains a descr ip t ion of the 

equipment preparat ion techr iques used in both tes t environments. Subse­

quent sect ions conta in i n d w i d u a l descr ip t ions of the tes t procedures used 

underground and on the sur face. 

B2.2 EQUIPMENT PREPARATION I !I0R TO TESTING 

B2.2.1 Assembly of Equipment 

The equipment conf iqura ions used fo r both surface and subsurface 

t e s t i n q were s i m i l a r . Fiqun 3.1 shows the t e s t system used in t es t i nq 

sur fs -e boreholes SBH-1. In he underqround t e s t system water fo r the 

storaqe tank was obtained fror the mine water supply and a 1/8-inch ny n 

l i n e ran from the PI transduce to the top of the borehole. 

B2.2.2 Equipment Checks 

Pr ior to probe assembly al packers were tested to ensure the cor rect 

seal inq of a l l components. To cneck fo r leakage, packers were i n f l a t e d in 

a steel pipe to about 3.5 MPa, u ' inq compressed n i t r oqen . Both the packer 

and pipe were then submerged in w i ter and the j o i n t s , 0 r inqs and seals 

checked fo r escapinq gas bubbles. 
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B2.2.1 Electrical Equipment 
The qeneral electrical system configuration used for hydrologic 

testinq at Stripa is illustrated in Fig. 3.4. Prior to any testing, all 
pressure transducers, thermocouples, power supplies and monitoring compo­
nents were carefully checked for proper performance. 

B2.2.2 Final System Check 
Prior to the start of any new testing, the fully assembled probe was 

inserted into a 5-m steel pipe for a trial test. The packers were inflated 
to approximately 3.4 MPa and the cavity water pressure was raised to around 
1 MPa. If any leaks existed in the probe they could be detected either 
visually or by monitorinq the cavity pressure transducer. If no leaks 
exist the pressure in the cavity will remain constant when the injection 
line valve (between the flow tank and prcbe) is closed. As a last step in 
the final system check, the PI port (see Fiq. 3.1) must be pressurized to 
check for any possible leaks. A water line is attached to the PI port and 
pressurized to around 1 MPa. As described above, if leaks exist, the 
pressure in the line will decrease with time. 

B2.3 EQUIPMENT CALIBRATION 
B2.3.1 ressure Transducers 
All pres_ire transducers were calibrated every three or four weeks, 

the period varying to accommodate the testing schedule. Calibration 
consisted of pr surizing the transducers with compressed nitrogen using 
increments of 0./ MPa (100 psi) from 0 MPa to about 4 MPa (600 psi) and 
back down to 0 MPa. The output voltage for the transducers at each pres­
sure increment was recorded along with the pressure reading from a calibrated 
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Heise gauge connected to the same pressure line. Calibration factors could 
then be calculated for each transducer from these measurements. 

B2.3.2 Thermocouples and Thermistors 
All thermocouples and thermistors were calibrated every two or three 

months depending on the testing schedule. Calibration involved the record­
ing of the temperatures of the thermocouples, thermistors, and a sensitive 
mercury thermometer all immersed in a water bath. The temperature of the 
water was changed from 0°C to 80°C and back to 0°C; thus the temperature 
sensors were calibrated for a wide range of temperatures. 

B2.3.3 Flow Tanks 
A flow tank and a differential pressure transducer was used to measure 

flow rates during injection tests. Figure 3.3 shows a typical set-up for a 
flow tank system. A flow tank combined with a differential pressure 
transducer was calibrated by releasing fixed volumes of water (measured 
using a graduated cylinder) and recording a drop in output voltage for the 
differential pressure transducer for each volume released. Normally a 
field calibration consisted of a total volume release of approximately 70 
percent of the tank capacity in increments of 10 percent of the total 
volume released. In addition, the flow tank system was normally calibrated 
under different applied pressures (atmospheric, 1 MPa and 2 MPa). 

B2.3.4 Bubble Irjection Line 
The velocity of an air bubble in the injection line is a direct 

measure of the flowrate during an injection test. This method was used 
when the flowrates in a 2-m interval of borehole (76 mm diameter) were low 
(generally less than 15 ml/min). The sectii' of the injection line in 
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which the air bubble velocity is measured must be calibrated in order to 
calculate flowrates. An injection line calibration involves the recording 
of the volume of water displaced for a given displacement of the air 
bubble. The calibrations at Stripa consisted of ten to fifteen of such 
recordings. The volume of water displaced was measured using a 10 ml 
graduated cylinder and the displacement of the bubble was normally betwean 
90 and 9b cm. The average of all the recordings made was used as the 
calibration factor. 

62.3 SURFACE HYDROLOGIC TESTING PROCEDURES 
(1) Insert probe in borehole and lower to the desired testing interval. 
(2) Prepare data logger, chart recorder, and teletype for the begin­

ning of testing: write introductory comments (Test No., Inter­
val, etc.); monitor PI and P2 on the chart recorder; monitor all 
channels on data logger and teletype. 

(3) Flush tne injection line to remove any air that may be in the 
line. (Flushing normally is done while the probe is being 
lowered to the desired interval). 

(4) Record two or three scans of the channels at one or two minute 
intervals to check the operation of the equipment prior to the 
beginning of testing. 

(5) Inflate the packers to approximately 3.5 MPa. During inflation, 
observe the pressure build-up in the cavity (P2 transducer). If 
the pressure exceeds surface hydrostatic pressure, open the 
injection line valve allowing flow into the flow tank, thus 
relieving the cavity pressure. (The flow tank must be open to 
atmospheric pressure.) All channels should be scanned at regular 
intervals (1 or 2 minutes) throughout the test. 

(6) When the packers Are fully inflated, the borehole pressures PI, 
P2, and P3 will stabilize. At this point, the injection line 
valve should be closed (if it was opened in last step). The 
interval is now shut-in and cavity pressures will adjust grad­
ually to the in-situ groundwater pressures if there are no 
vertical gradients and the water level is within a few meters of 
the surface. This may take from a few minutes to several hours 
depending on the permeability of the interval. All channels 
should be scanned at regular intervals as the cavity pressure 
stabilizes. 
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(7) Constant pressure injection testing of the interval may begin as 
soon as a stable cavity pressure has been reached, above the 
in-situ pressure recorded in the previous step. Normally three 
or four increments of cavity pressure can be easily achieved. 
Figure 3.3 illustrates how an air reservoir coupled with a flow 
tank can be used to produce constant injection pressures during 
the test. The flow rates can be measured either by a flow tank 
and differential pressure transducer or by using the air bubble 
injection line method described in Chapter 3. Table 3.2 shows 
the range of flow rates accuracy that can be maintained with each 
of the methods mentioned above. 

(8) After the injection tests are completed the pressure in the 
cavity is lowered to surface hydrostatic pressure by opening the 
flow tank to the atmosphere. The packers can then be deflated 
and the probe may be moved to the next interval for continued 
testing. 

B2.4 UNDERGROUND HYDROLGOIC TESTING PROCEDURES 
Test procedures used in the subsurface boreholes followed the format 

outlined below; 
(1) Turn on all monitoring equipment and allow sufficient time for 

all components to reach operating temperature. During the test 
program the equipment is shut-down during weekends and penods of 
equipment failure. At least 1 hour is allowed t.ir equipment 
warm-up after periods of shut-down. 

(2) Record sensor outputs if equipment has been removed from hole 
since the last test. 

(3) Place the probe at the desired test depth plus 0.1 m (packers 
move out of the hole approximately 0.1 m during inflation). 

(4) Record all sensor outputs and calibrate chart recorder. 
(5) Inflate packers to approximately 3.3 MPa, ensuring that lir.es to 

the lower and inflation cavities are open. Record sensor outputs 
continuously until the packers are sealed. 

(6) Monitor variations in the lower cavity pressure PI on the chart 
recorder during inflation and control the lower (PI) cavity 
pressure using the valve at the surface. Attempt to keep lower 
cavity pressure at the shut-in pressure estimated from the 
previous test in order to minimize the potential for over pres­
surizing the cavity and to reduce the shut-in time. 

(7) When the lower cavitv pressure PI becomes semi-stable, shut the 
injection line valve and allow the pressure to increase in the 
injection cavity. 
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(8) When the pressure in the injection cavity has stabilized (changed 
less than 0.0003 MPa per minute) record the stable shut-in 
pressure and open the injection line. 

(9) When cavity pressures are stable and at least 30 minutes of 
outflow have occurred, measure the flow of water from the injec­
tion cavity using 10-ml graduated cylinder. 

(10) Using shut-in pressures calculated from data obtained in step 8 
calculate the first injection pressure PI1 (110% of shut-in 
pressure). Adjust the cavity pressure to PI1 and monitor tank 
level (flow) and cavity pressure on the chart recorder for at 
least 30 minutes. If no flow is observed in 30-45 minutes 
calculate and apply the second injection pressure PI2 (140% of 
shut-in press.ure). If flow is observed in 30 minutes during the 
first injection try to obtain a flow of at least 3 ml in 2 hours. 
The second injection pressure PI2 is calculated (140% of shut-in 
pressure) and applied (if flow is obtained at PI1) again a flow 
of at least 2: ml in 2 hours is desired. 

(11) After completion of the last injection test open the injection 
cavity and repeat the outflow test of .Step 9. 

(12) Deflate the packers and record all sensor readings to check 
against those of Step 4. 

(13) Move to the next test location (plus .1 m) or remove probe from 
hole. If probe is removed from hole record , I sensor readings 
when probe is out of hole to check against readings of Step 2. 

These procedures were also used to test two holes concurrently thus 
reducing the total required test time. In order to test two holes concur­
rently one system was usually in the shut-in phase (Step 6) while the other 
system was in any of the other phases of the test sequence. 
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APPENDIX B-3 

HYDROLOGY DATA FILES 
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tj-3.1 Subsurface Boreholes, 2-m and 4-m Interval Te<'„s 
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F I L E : R3PEHM SDATA At 0 6 / 0 9 / 8 1 1 S : 2 9 : 4 7 UNIVERSITY OF WATERLOO PAGE COl 

9 9 HOLE R3 HYDROLOGY DATA BUBBLE L I N E USED 
8 8 0 3 3 2 . 0 4 4 . 4 7 0 . 0590 0 . 0 0 5 0 8 0 . 2 0 2 7 0 . 0 4 1 2 
2 1 9 10 

l i 4 7 
9 14 0 . 2 1 8 8 0 . 2 1 8 8 0 . 0 4 2 1 0 . 4 1 0 . 1 0 . 4 7 7 6 0 . 4 7 8 0 

2 2 
9 10 

l i 4 7 1 1 51 0 . 2 4 9 1 0 . 2 4 9 0 0 . 0 7 6 1 0 . 1 1 0 . 0 0 . 4 8 4 8 0 . 4 8 4 7 
2 3 12 S9 13 03 0 . 2 7 4 3 0 . 2 7 4 b 0 . 1 4 1 9 . 7 9 . 8 0 . 4 8 8 6 o . 4 s e a 
• 2 13 20 i 3 5a 0 . 0 6 8 2 0 . 0 7 06 0 . 0 9 . 9 9 . 9 0 . 4 8 9 3 0 . 4 9 1 3 

9 9 H3 NHD2, NEGATI VE FLO* HATE.TEST DISCONTINUED.THERMO.ERROR. ,N0 FLO* TEST DONE 
8 8 2 1 3 . 9 8 6 . 4 1 0 . 0590 0 . 0 0 5 0 8 0 . 2 0 0 9 0 . 0 4 12 
2 1 a t 6 8 2 6 0 . 2 1 6 4 0 . 2 1 6 5 0 . 0 1 0 , 4 1 0 . 3 0 . 4 S 3 7 0 . 4 5 3 7 
9 9 B3 NRD4i 1ST INCR. , NEGATIVE FLO* RATE TEST STOPPED 
8 8 4 8 S . 9 8 8 . 4 1 0 . 0590 0 . 0 0 5 0 8 0 . 2 4 2 1 0 . 0 4 1 2 
2 2 9 2 3 9 3 1 0 . 3 1 4 2 0 . 3 1 4 * 0 . 0 2 0 9 . 8 9 . a 0 . 4 5 0 1 0 . 4 4 7 5 
1 2 9 47 1 1 07 0 . 0 6 9 3 0 . 0 6 9 0 - 0 . 1 9 . 7 9 . 8 0 . 4 4 4 8 0 . 4 2 3 4 
8 8 6 2 1 8 . 08 1 0 . 3 2 0 . 0516 0 . 0 0 5 0 8 0 . 3 9 4 2 0 . 0 4 12 
2 1 12 4 6 12 47 0 . 4 3 1 3 0 . 4 3 1 3 2 . 6 2 1 0 . 8 1 0 . 9 0 . 5 2 3 2 0 . 5 2 3 4 
2 2 13 36 13 37 0 . 4 6 5 5 0 . 4 6 5 2 5 . 8 6 1 0 . 9 1 0 . 9 0 . 5 2 7 8 0 . 5 2 7 7 
2 3 14 22 14 2 3 0 . 4 9 7 8 0 . 4 9 7 6 8 . 7 0 1 0 . 9 1 0 . 9 0 . 5 3 2 2 0 . 5 3 ^ 4 
1 2 0 . 0 7 7 0 0 . 0 7 7 0 - 3 0 . 0 
1 2 0 . 0 7 7 0 0 . 0 7 7 0 - 1 9 . 0 
9 9 R3 NRO 8 ;NOTE FLO* TEST RESULTS UNREASONABLE 
8 8 8 17 1 0 . 0 2 1 2 . 2 6 0 . 0590 0 . 0 0 5 0 8 0 . 4 2 9 7 0 . 0 4 1 2 
2 1 8 2 9 8 30 0 . 4 6 9 9 0 . 4 6 * 9 4 . 3 5 1 0 . b 1 0 . 5 0 5 991 0 . 5 9 9 1 
2 2 8 58 8 59 0 . 5 9 1 0 0 . 5 0 0 7 6 . 9 S 1 0 . 5 1 0 . 5 0 . 6 0 0 3 0 . 6 0 0 1 
2 3 10 3 9 1 0 40 0 . 5 2 6 8 0 . 5 2 68 8 . 0 2 1 0 . 6 1 0 . 5 0 . 6 0 1 8 0 . 6 0 lo 
1 2 10 4 2 10 45 0 . 5 2 6 5 0 . b 2 b 5 - 3 7 . 7 1 0 . 5 1 0 . b 0 . 6 0 1 9 0 . 6 0 19 
8 8 10 3 1 1 2 . 0 9 1 4 . 3 3 0 . 0590 0 . 0 0 5 0 8 0 . 3 6 5 4 0 . 0 4 12 
2 1 8 6 8 7 0 . 3 9 8 7 0 . 3 9 « y 2 . 1 6 . 1 0 . 6 1 0 . 6 0 . 3 9 4 7 0 . 5 * 4 7 
2 2 8 4 7 a 4 a 0 . 4 2 2 9 0 . 4 2 3 0 3 . 5 4 1 0 . 5 1 0 . 4 0 . 5 9 5 0 0 . S V 5 2 
2 3 10 24 10 25 0 . 4 2 0 9 0 . 4 2 0 7 2 . 7 1 1 0 . 4 1 0 . 6 0 . 5 9 4 9 0 . 5 9 4 9 
1 2 . 0 . 0 8 9 2 0 . 0 8 9 5 - 1 8 . 0 
12 10 4 8 10 58 0 . 08 91 0 . 0 8 9 1 - 1 7 . 0 1 0 . 4 1 0 . 5 0 . 5 9 4 8 0 . 5 9 4 8 
8 8 12 2 6 1 4 . 0 1 6 . 2 4 0 . 0516 0 . 0 0 5 0 8 0 . 3 6 0 4 0 . 0 4 1 2 
2 1 8 3 4 8 3 5 0 . 3 9 2 3 0 . 3 9 2 4 2 . 0 9 1 0 . 4 1 0 . 3 0 . 5 9 4 7 0 . 5 9 4 7 
2 2 9 6 9 7 0 . 4 1 9 5 0 . 4 1 9 9 4 . 1 5 9 . 6 9 . 6 0 . 5 9 5 3 0 . 5 9 S 4 
2 3 10 4 9 10 50 0 . 4 5 01 0 . 4 b 02 6 . 2 7 1 0 . b 1 0 . 5 0 . 5 9 6 7 0 . 5 9 6 6 
1 2 0 . 0 9 4 5 0 . 0 9 4 3 - 2 1 . 7 
12 11 2 6 11 41 0 . 0 9 4 3 0 . 0 9 4 0 - 2 0 . 0 1 0 . 7 1 0 . 8 0 . S 9 5 2 0 . 5 9 4 6 

8 8 14 28 I S . 9 5 1 8 . 1 9 0 . 0590 0 . 0 0 5 0 8 0 . 1 3 9 9 0 . 0 4 12 
2 1 10 32 1 0 54 0 . 1 4 9 3 0 . 1 4 9 3 4 . 3 1 0 . 7 1 0 . 7 0 . 5 9 2 0 0 . 5 9 1 8 
2 2 11 37 1 1 39 0 . 1 5 7 7 0 . 1 5 8 0 0 . 2 7 1 1 . 1 1 0 . 8 0 . 5 9 1 9 0 . 5 9 2 0 
2 3 12 28 12 30 0 . 1 7 1 9 0 . 1 7 2 0 ! 0 . 3 4 1 0 . 7 1 0 . 6 0 . 5 9 2 0 0 . 5 9 1 9 
1 2 12 41 13 01 0 . 0 9 26 0 . 0 9 2 5 1 - 0 . 2 1 0 . 8 1 0 . 7 0 . 5 9 2 0 0 . 5 9 2 1 
8 8 16 2 6 1 7 . 9 b 2 0 . 2 0 0 . 0590 0 . 0 0 5 0 8 0 . 1 3 5 8 0 . 0 4 1 2 
2 1 9 3 2 9 3 6 0 . 1467 0 . 1 4 6 7 0 . 0 6 2 1 0 . 7 1 0 . 7 0 . 5 9 0 0 0 . 5 9 0 1 
2 2 11 23 11 2 7 0 . 1 5 4 0 0 . 1 5 J 9 1 0 . 0 7 1 1 0 . 6 1 0 . 7 0 . 5 8 9 9 0 . 5 8 9 9 
2 3 12 18 12 22 0 . 1665 0 . 1 6 6 4 1 0 . 1 0 4 1 0 . 7 1 0 . 7 0 . 5 9 0 3 0 . 5 9 0 3 
1 2 12 4 6 13 6 0 . 0 9 7 7 0 . 0 9 7 7 1 - 0 . 2 2 1 0 . 7 1 0 . 8 0 . 5 9 0 3 0 . 5 9 0 2 
8 8 I S 26 1 9 . 9 7 2 2 . 2 1 0 . , 0590 0 . 0 0 5 0 8 0 . 2 1 6 8 0 . 0 . 12 
2 1 a 4 3 a 47 0 . 2 3 4 4 0 . 2 3 4 4 0 . 0 5 4 1 0 . 8 1 0 . 7 0 . 5 9 1 2 0 . 5 9 1 2 
2 3 11 45 1 1 4V 0 . 2 6 7 2 0 . 2 6 7 2 0 . 184 1 0 . 7 1 0 . 7 0 . 5 9 0 9 0 . 5 9 14 
1 2 12 04 I ? 36 0 . 1034 0 . 1 0 34 - 2 . 8 8 1 0 . 7 1 0 . 8 0 . 5 9 1 4 0 . 5 9 1 9 
8 8 2 0 2 2 2 2 . 0 1 2 4 . 2 5 0 . , 0 5 9 0 0 . 0 0 5 0 8 0 . 3 2 7 6 0 . 0 4 1 2 
2 1 8 56 V 00 0 . 3 5 6 4 0 . 3 5 6 3 0 . 0 0 3 1 0 . 5 1 0 . S 0 . 5 8 9 3 0 . 5 8 9 4 
2 2 10 52 1 0 5 6 0 . 4 0 4 6 0 . 4 0 46 0 . 3 6 2 1 0 . 4 1 0 . 4 0 . 5 8 9 8 0 . 5 8 9 7 
2 3 11 3 2 1 1 34 0 . 4 3 2 9 0 . 4 3 2 7 0 . 6 1 0 1 0 . 3 1 0 . 5 0 . 5 9 0 0 0 . 5 8 9 9 



F I L E : R3!»ERM SDATA A l 0 6 / 0 9 / 8 1 1 5 : 2 9 : 4 7 UNIVERSITY OF WATERLOO PAGE 0 0 2 

1 2 0 . 3 4 0 0 . 1 0 4 0 - 2 . 2 
9 9 R3 NRO 20 • TIME PERIOD U- FLI iTEST WAS NOT RECORDED 
9 9 K3 NHD 22 . F I R S T I N C H . NEGATIVE FLOW 
eo 2 2 19 2 3 . 9 7 2 6 . 2 1 0 . 0 5 9 0 0 . 0 0 5 0 8 0 . 3 4 4 S 0 . 0 4 1 2 
2 1 8 4 9 8 S3 0 . 3 7 8 5 0 . 3 7 8 5 0 . 0 1 0 . 4 1 0 . 4 0 . 5 8 8 9 0 . 5 8 9 0 
2 2 10 3 6 1 0 38 0 . 4 2 9 1 0 . 4 2 9 1 0 . 1 9 2 1 0 . 4 1 0 . 5 0 . 5 8 8 7 0 . 5 8 8 7 
2 3 11 12 11 14 0 . 4 6 6 2 0 . 4 6 6 2 0 . 3 6 7 1 0 . 5 1 0 . 5 0 . 5 8 9 0 0 . 5 8 9 1 
1 2 11 27 1 1 5 3 0 . 1 1 4 9 0 . 1 1 4 9 - 1 . 6 1 0 . 6 1 0 . 4 0 . 5 8 8 9 0 . 5 8 8 5 
as 2 4 34 2 9 . 9 7 2 8 . 2 1 0 . 0 3 9 0 0 . 0 0 5 0 8 0 . 3 7 0 6 0 . 0 * 1 2 
2 1 9 3 1 9 35 0 . 4 1 1 1 C . 4 1 1 1 0 . 0 1 1 1 0 . 4 1 0 . 4 0 . 5 8 8 7 0 . S 8 P 3 
2 2 11 SO 11 54 0 . " 3 3 7 0 . 4 3 3 7 0 . 1 3 3 1 0 . 3 1 0 . 4 0 . 5 8 8 1 0 . 5 8 8 2 
2 3 12 3 5 12 37 0 . 4 6 1 9 0 . 4 6 1 9 0 . 3 6 2 1 0 . 9 1 0 . 9 0 . 5 8 8 0 0 . 5 8 8 0 
1 2 13 03 13 21 O . U 0 8 0 . 1 2 0 7 - 2 . 9 6 
9 0 END OF DATA 
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F I L E l H5PERM A l 0 6 / 0 9 / 8 1 1 5 : 4 7 : 5 1 UNIVERSITY UF WATERLOO PAGE 001 

9 9 HOLE R5 HYDROLOGY DATA BUBBLE L I N E USED 
at> 2 7 2 . 1 3 4 . 2 4 0 . 1935 0 . 0 0 5 1 ! 0 . 2 4 8 9 - . 1 2 
2 1 13 48 

14 U 
13 50 0 . 2 5 4 2 0 . 2 5 4 4 0 . 0 1 0 . 8 1 0 . 5 - - 1 . 3 6 5 - 1 . 3 6 4 

2 2 
13 48 
14 U 14 16 0 . 2 5 8 7 0 . 2 5 8 7 O.O 1 0 . 3 1 1 . 0 - 1 . 3 5 1 - 1 . 3 4 6 

12 14 19 14 24 0 . 1 9 9 4 0 . 1 9 96 0 . 0 1 1 .0 1 0 . 8 - - 1 . 3 46 - I . 3 4 4 
8 a 4 27 4.2t> 6 . 3 7 0 . 1935 U . 0 0 5 1 1 0 . 4 5 6 0 - . 1 2 
2 1 13 43 1 3 45 0 . 4 7 8 3 0 . 4 7 79 4 . 6 1 1 . 0 1 1 . 0 -- 1 . 3 3 9 - 1 . 3 37 
2 2 14 23 14 25 0 . 4 9 4 4 0 . 4 9 4 5 0 . 5 8 1 1 . 0 1 1 . 1 - - 1 . 3 3 5 - 1 . 3 3 5 
2 3 14 SO 14 52 0 . 5 0 79 0 , 5 0 84 0 . 7 6 1 1 . 0 1 1 . 0 -- 1 . 3 33 - 1 . 3 3 3 
1 2 I S 02 l b 02 0 . 2 0 8 1 0 . 2 0 U 1 - 3 . 0 1 0 . 7 1 0 . 7 - - 1 . 2 0 1 - 1 . 2 0 1 
8 8 6 24 6 . 3 2 8 . 4 3 0 . 1935 0 . 0 0 5 1 1 0 . 4 3 8 0 
1 1 09 07 10 17 0 . 2 0 5 6 0 . 2 0 78 - 1 . 2 6 1 0 . 7 1 0 . 7 
2 1 13 3 0 13 32 0 . 4 5 2 8 0 . 4 6 29 0 . 1 4 1 3 . 0 1 2 . 9 
2 2 ! 3 57 1 3 59 0 . 4 7 6 1 0 . 4 7 5 9 0 . 198 1 2 . 9 1 2 . 9 
2 3 14 16 i * ! a 0 . 4 9 0 0 0 . 4 9 0 2 0 . 2 6 8 1 2 . 9 1 2 . 9 
1 2 14 4 2 14 4 2 0 . 2 0 75 0 . 2 0 7 5 - 1 . 3 7 1 0 . 6 1 0 . 6 
9 9 RS NHD 6 . THERMOSTAT RESULTS NOT VALID 
8 8 8 1 1 8 . 3 7 1 0 . 4 8 0 . 1935 u . 0 0 5 1 1 0 . 4 4 6 6 0 . 3 2 7 
11 14 5 9 0 . 2 1 0 3 0 . 2 1 0 3 - 0 - 7 3 

2 1 11 19 11 21 0 . 4 3 3 8 0 . 4 739 0 . 0 1 1 1 2 . 9 1 2 . 9 3 . 3 8 1 3 . 2 0 2 
2 2 11 4 3 1 1 45 0 . 4 4 9 6 0 . 4 9 9 8 0 . 0 2 0 1 3 . 1 1 3 . 0 3 . 3 8 2 3 . 3 8 7 
1 2 11 57 12 34 0 . 2 1 2 8 0 . 2 1 28 - 0 . 5 5 
8 8 10 6 1 0 . 5 2 1 2 . 6 3 0 . 1935 0 . 0 0 5 1 1 0 . 3 5 1 7 0 . 3 2 7 
11 13 10 13 2 3 0 . 2 1 7 8 0 . 2 1 9 5 - 0 . 5 
2 1 8 3 3 S 35 0 . 3 7 1 3 0 . 3 7 1 7 0 . 0 1 1 . 7 11 . 7 3 . 4 3 6 3 . 4 3 5 
8 8 12 7 1 2 . 5 6 1 4 . 6 7 0 . 1935 0 . 0 0 5 1 1 0 . 3 7 0 5 0 . 3 2 7 
1 1 09 16 1 1 02 0 . 2 2 2 4 0 . 2 2 J 8 - 0 . 3 0 
2 1 12 3 1 12 33 0 . 3 S 0 4 0 . 3 9 0 3 0 . 0 1 1 . 7 1 1 . 6 3 . 4 4 8 3 . 4 5 0 
8 8 14 3 1 4 . 6 7 1 6 . 7 6 0 . 193S 0 . 0 0 5 1 1 0 . 3 9 3 7 0 . 3 2 7 
11 12 59 1 3 2 6 0 . 2 2 7 4 0 . 2 2 8 5 - 0 . 3 9 1 

2 1 09 09 9 14 0 . 4 1 3 7 0 . 4 1 3 9 0 . 0 11 . 6 1 1 . 7 3 . 5 6 0 3 . 5 C 1 
1 2 9 24 10 59 0 . 2 2 6 3 0 . 2 2 5 9 - 0 . 5 7 1 1 . 6 1 1 . 7 3 . 5 6 2 3 .56 .? 
8 8 16 7 1 6 . 7 9 1 8 . 9 0 0 . 1935 0 . 0 0 5 1 1 0 . 5 7 0 5 U . 3 2 7 
1 1 12 50 13 15 0 . 2 3 15 0 . 2 3 1 9 . - 0 . 3 7 
2 1 9 00 9 2 0 . A 0 8 0 0 . 6 0 80 0 . 0 1 1 1 2 . 9 1 3 . 0 3 . 5 8 6 3 . S 8 6 
1 2 9 10 10 36 0 . 2 2 9 1 0 . 2 2 9 1 - 0 . 3 8 
8 8 I S 5 1 8 . 8 2 2 0 . 9 3 0 . 1935 0 . 0 0 5 1 1 0 . 6 4 4 4 0 . 3 2 7 
2 1 14 2 2 14 24 0 . 6 8 9 0 0 . 6 8 1 J 0 . 0 1 1 1 0 . 2 1 0 . 3 3 . ^ 9 0 3 . 5 9 0 
sa 2 0 16 2 1 . 0 2 2 3 . 1 3 0 . 1935 0 . 0 0 5 1 1 0 . 8 0 6 8 0 . 3 2 7 
2 1 a is 8 19 0 . 8 7 2 6 0 . 8 7 26 1 . 8 8 1 0 . 8 1 0 . 8 3 . 6 0 4 3 . 6 0 5 
1 2 0 3 9 8 53 0 . 2 4 2 0 0 . 2 4 1 9 - 1 2 . 5 1 0 . 8 1 0 . 7 3 . 6 0 5 3 . 6 0 6 
9 9 RS NRD 22 t TEST UNSECCESSFUL 
8 8 2 4 4 2 i . l 7 2 7 . 2 a 0 . 1935 0 . 0 0 5 1 1 0 . 3 7 8 3 0 . 3 2 7 
1 1 11 43 1 1 59 0 . 2 5 0 7 0 . 2 5 1 9 - 0 . 0 4 
2 1 12 5 5 12 57 0 . 4 5 6 4 0 . 4 b b 5 0 . 0 1 0 . 8 1 0 . 7 3 . 6 1 4 3 . 6 1 4 
9 9 H5 NRO 2 6 TEST. UNSUCCESSFUL 
9 0 END OF DATA 
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F I L E : R7PEHM 

99 HOLE R7 HI 
as 6 B 
21 8 03 20 
88 10 7 
2 2 7 SO 00 
SB 14 a 
21 8 OS 2 0 
88 is a 21 11 00 40 
88 2 2 a 
21 7 58 20 
88 2 6 6 
21 11 46 40 
as 3 0 5 
21 S 48 20 

50ATA A l 0 6 / 0 9 / 8 1 1 5 : 5 3 : 2 5 UNIVERSITY OF HATERLOO PAGE 001 

3R0L0GY DATA 
1 . 7 7 S . 7 7 0 . 0 3 5 1 O.OOS 0 . 2 1 S 
b 20 0 0 0 . 2 7 4 0 . 2 9 3 0 . 0 7 8 4 
5 . 7 7 9 . 7 7 0 . 0 3 5 1 0 . 0 0 5 0 . 2 2 9 
8 23 2 0 0 . 3 2 1 0 . 3 1 9 0 . 1 1 4 1 
9 . 7 7 1 3 . 7 7 0 . 0 3 5 1 0 . 0 0 5 0 . 3 4 S 
8 22 0 0 0 . 4 1 1 0 . 4 1 1 0 . 0 1 1 3 

1 3 . 7 7 1 7 . 7 7 0 . 0 3 5 1 0 . 0 0 5 0 . 4 5 8 
11 17 2 0 0 . 6 4 2 0 . 6 5 1 0 . 0 8 7 0 
1 7 . 7 7 2 1 . 7 7 0 . 0 3 5 1 O.OOS 0 . 5 0 5 

8 15 0 0 0..S64 0 . 5 6 3 0 . 1 8 6 1 
2 1 . 7 7 2 5 . 7 7 0 . 0 3 5 1 0 . 0 0 5 0 . 5 3 0 
11 51 40 0 . 5 5 2 0 . 5 5 2 0 . 0 9 9 2 
2 5 . 7 7 2 9 . 7 7 0 . 0 3 5 1 0 . 0 0 5 0 . 4 0 6 

9 05 0 0 0 . 4 4 3 0 . 4 4 1 0 . 3 S 1 7 



-164-

Jl — — (M in CD D (D Jl i^O M A N Ot.llON sO <Vi f <*) i0 Ul I 0 N 4 O ,0 GO £ £0 
m in in o — ryj) m > - 4 i r o m N u , ( r m . ' M - > « .n — - i O ( \ j i n f T i * » u ) n ' » ^ * i n - ' , J ' r ) r g r n n o o ^ o 
* * * a o* o> t> * * > o < t * - * * < j - * * N f o ^ # ( M r y M o j - » f y ^ j f y * N t > j c y ( > . + . ' \ jrvjcyi>j**f^uiaj 
— -• «* * •* * * «* in m D i n ^ m m i n — « • * * — « * • * * < ! • — <r 4 « — « - * < ? * — « « « « H N N N ! 0 
• • * • • • • • * • * • • * • • • • • • • • • • • • • • • • * * • • • « • • • • • • • « 

O O O — - . * — O — - —— C - - - O - - — O - - . — - 0 - ~ « — o - — — — O - * — — - O — — - — 
W M O o * i n —n. i n o m * m # m*o — »*) I O C * ^ » N » n f * - m » * m u r n n 
N CM — CM P i a o ^ ) i 0 r y » — :y - — — — - n i l r ) * * * O r») H (*) O o o o 

^ — -— o*t> J>o — i n i n o # — * ^ * —ojfMCM--ry, -yfvM-*(MN'M—tMWfucy — N t y M ^ i —cmh»o* 
ff> o » * • • ^ <M/nnin , i i>j»mrf) t>***^*#*»o***>*##*ji#**#(j*KN.h-in 
« • • # « « • • • • • • • • • • • • • • * • • • • • * • • • • • • • • « « • • • • « » • . « « * - - - - *-.*--*-«--#--.«*--.«-*--.-,*----*-.,-. ,^-_. : S -

* in N. r- K 0 £ i > in m m o m S J O I ? o o o -D co co * - r * r * r * K D K D OJ <O B TM <M CM "M — — — O* 

>0 >0 <0 O > O s 0 - O t f > O s 0 < 0 
O N N J ) O O O O J I > l f l O A O A 4 l f l O t > O S | > 0 0 0 0 0 ( O S C D O N N K S O K N N O N ( D a i l O O ^ C g r g ^ O - > < 4 0 0 
oryNaiNoodoacynjorvojr^cyry o c y n c M N o n n ^ o N c g c y o c y f M ^ f t i o r y t M c y o i y r ^ r y N O ^ f O ' O ' O O ' O ' ' ) ' ' ' ) ^ 
o o o o o o o o o o o 

• « N » t>a> N O «D a> w inm 
(Mm I O N N * - < i f l m o D N mm « « i n m o i n * . o o * - o 

N C D N M S N V N N . ' V l i i n J N N a in meg N c*o rv m -• ~ — ra — ** — o a o n » o ' 0 o g > ! n n i n < e © * . o o r i r o n o 
M • » » t o • i • » n • • • « • * c y t > C M 0 * • • • < * » « « K • • i ^ n — . - * K » o O " * o o * i O f > - » 0 ! > j r " - ^ . e Q 
* N f t H M - j t f ^ o t t f f f l j * t • • «^r»fO*o)»*NftJ#** , />— • • «r>o t • »»oo • *«>rM • • • • 
— I | O i I N I | * r i T 0 i \ j * | * | "0 i i n * * t f ) < f — • * o * * r t n ( y # 0 > " ) n ' * -
• « « . • I I • • . • • l • l _ i *CM — • t I 

o o o o o o o o o o i i o 
*#(*) o»to *o»eo K — — o eo # +n<o 
(M CM « *Y "* ^ — ty CM T O mm o -D m e (v <M © m r\j ( ? > * 

o r g w o o ry tMo O C M N C M O O » C J > O O C J O — — o ——-40 n n o * * m.*g mro 
* • • • * * • • • • * • • « • * # • • • • * • • t B • • »<X> • * • i f f l « - » l > C ) O O O ! 8 O l > t i O 0 O S S O 
o o * t o o o * * o o o * * * o o o r o ^ o o m o o * # o o * - » * o o • » o o • • • * o • • • » o • • * • 
in m <n o m m in m i n * * i n o * # , o i n o f o r > o / ) o r n r o o 
0 0 0 - * o 0 0 0 0 0 o o 
O O O -JO O O O O O O O 
• ftjty^O-0 • r g • * N n • n o -M — >o «t • — • co :g • — o>0 ••*if \ jo « .M o * 0 • *> o o « M O N N » ^ S N O » > L 0 N > J 

o a N ^ J i o o o o o o i n ^ i n i n f l s o a - o a o - i n o o o o i n o i o ^ o o o o t o n - o i o N i O J i o o i J i J j i M 1 - ! 
•C + lti-O NtMfMN M > 0 - « K OU1 M B m B » M M > in CD O O O O O — * *0 — — «• B - - O O -
o — ~ o o — — o o w n n o k o * m o * •* o IA^O n n * - mo— — mm — —mm- — * m — 

i n » « » » i n « » * « u ) » » » » » o a * » * » ' 0 » « • ! / > • • • m » « » « i n » » » i n » » « » i n « » . « m • • • • 
9 0 0 0 0 I > 0 0 0 0 > 0 0 0 3 0 Z Q C I 0 3 0 3 0 0 3 « O O O O O O O O I S O O O S 0 0 0 0 0 9 0 0 0 0 0 0 3 0 
in in m < o o * m t n m i n i n 
0 0 0 m o 0 0 0 0 0 o o 
• * • 1- • • • • • • • • 

0 ( M h i ' * ^ o i , i n ^ # o j i # » w o j O ' a n o o o o o r 4 o o i n f f o « J ) - 0 3 i * i * o o o n N ( D o # - i o o o o » N i j ' 
I O N —m o « o o i n # m K i n D -DCM —in — >oo g>o * ino —o> — mm D I M * CM N * * i n c o n * 
« D * i n o K N A I S K » o - M f l oo i*i nj B t n o o r g s o m B J tj* A O O — * CD — — * <o -« — r> o — 
o - " * o o -«— o o M̂ f , •) o uj o + J I o * + o j > m o flrt*o m -o - —mm— —mm— — • in — o**>«o»**»K«»««»xcM>«*<*»«>in>**cD««>»?j*»«m«*»*<r* •••<* •••• < O D O O O O O O O O O O O O O O »ooooooooooooooooooooooooooooooooooooo 

h » a • « * • • • • • • -
< • £ CD O CM « C 0 . o N * C (0 
O — c— — — CM ' ni CM c j M 

n n - J ) N « I O i n o o r ^ ' O CON coco O W N N « I D K # O O j><tcr> fin-co # — c — M O N * 
^ o * f > i n f M i n * * « o i n « o o * * n * # * —m —m— — * —w cyroro - n n n — * * o m i — 
o rr 
Of* -or * ' * ) ror>f * )0 ' *N # a ) h . — o t > Z " ^ o > m * - * < o o * * y # c D m m ' v r y M c » » ( D f M o r y m ( M J i - O M m — m m n M o s a 
_ic?i o i n m — o o o f t i t o o — * — n ^ o o m — o rorgo rg O A I / I * ^ — * f o o o f o m — o * f o m n ' . o c y i n c j N 
o • • • z * • • • • • • • 
a n ^ O N o s a ^ K K K B © — f g r y ^ « o * o o K + 0 3 B c > ^ j > i > o m K ^ B t a » * # ^ c y B B i » > + t M i 0 f n * j ) ' > 3 . O N . 

r o 
mo3 —g> gsooro r i N f s # « a : I I < « N K r*>*M*> — » i n * i n * * OOOPJ « o « s e o n ^ O 1 r ) in r * .o 

« > » * o r i - » * * * f M o u ) i i i « i « t M o a £ * cM~w«i*)CM*:MniM<Min*!n tn — n e m — * n m c M * w P > i n * o * * » p > n 
QC UJ 

« > N — * o o o * - * + —g>« o o m m g>Nro i n f f o * * * m f o O C M O N » - O * n s o o K O —cy 
tu n i n n i ^ r j i n o N • • # m — — H « * — <? 4 — n * # n m - m*M(M o —r)-« -«(nnfy • - n o a j 
J(M # g> tftO *M « « O O rg « 

f i O N ^ « g * N N K<o^N'OtiJ — f,)ing>g> —s » » — ©(> c> — KNN«—f*>*">cMa)a )Oc>*yrMrg '0<f rg>3»o^ 
mm*mw - . - - - - - - J- - - - - — - - - - - — - — - , - - - - - - * r y 

*>(D — — ftifM D — — ftlCMffl^ — t \ l f 0 < M O « l - « — ( M M O — N f U B — N ( \ J B — r y n N E D — f y N f f l — — N M C - » — ftjrya) — — CJCM 
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F I L E : R8PERM SDATA Al 0 6 / 0 9 X 8 1 1 4 : 5 1 : 1 5 UNIVERSITY OF WATERLOO PAGE 002 

ss 2 6 * 
17 2 0 CO 

2 8 . 0 9 3 0 . . 0 4 0 . 0579 0 . 0 0 5 0 9 O . IZOS 0 . 0 0 0 6 0 8 4 . 9 1 0 . 1 4 5 
1 1 

2 6 * 
17 2 0 CO 18 b 00 0 . 1 2 2 2 0 . 1 2 2 4 0 . 0 - 0 . 3 1 3 . 2 1 3 . 2 1 . 3 7 5 7 1 . 3 8 1 6 

2 1 18 2 2 46 18 39 2 0 0 . 6 0 0 3 0 . 6 0 1 0 1 . 9 2 9 1 . 7 8 0 1 3 . 2 1 3 . 3 1 . 3 8 1 3 1 . 3 8 4 8 
2 2 19 4 1 19 32 1 0 . 5 ) 3 3 0 . 5 0 3 2 1 . 6 1 0 1 . 4 3 3 1 3 . 4 1 3 . 4 1 . 3 8 6 2 1 . 3 8 6 5 
12 20 00 34 2 0 23 2 0 J . 12 l b 0 . 1 2 2 2 O.U - 1 . 4 1 3 . 2 1 3 . 2 1 . 3 8 5 3 1 . 3 8 5 7 
9 9 NHO 20 SECOND T M E 
8 8 2 0 « 2 1 . 9 9 24 . . 0 2 0 . 0 5 8 5 0 . 0 0 5 0 4 0 . 4 6 4 1 0 . 0 0 0 6 1 1 4 . 9 1 0 . 1 4 5 
11 11 49 15 1 1 51 15 0 . 1 0 V 9 0 . 1 1 0 3 0 . 0 - 7 . 9 5 1 3 . 1 1 3 . 1 1 . 5 7 3 8 1 . 5 7 2 3 
2 1 12 04 SO 13 01 14 0 . 5 0 4 1 0 . 5 0 J 6 3 . 6 0 8 3 . 5 9 * 1 3 . 1 1 J . 0 1 . 5 7 3 0 1 . 5 6 5 7 
2 2 U 08 3 8 1« 05 2 7 0 . 5 4 b J 0 . 5 4 6 6 3 . 5 8 9 3 . 5 6 8 1 3 . 1 1 3 . 1 1 . 5 6 5 3 1 . 5 7 8 9 
1 2 14 18 43 14 4 9 18 0 . 1 1 0 5 0 . 1 1 04 0 . 0 - 1 3 3 . 0 1 3 . 1 U . 0 1 . 5 784 1 . 5 7 3 5 
9 0 END OF DATA 
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FILE: R9PEKM SDATA A l 0 6 / 0 9 / 8 1 1 4 : 5 0 : 5 6 UNIVERSITY OF *ATERLOO PAGE 0 0 2 

2 1 1 3 1 6 3 5 1 * 1 0 3 3 0 . 5 4 7 6 0 . 5 4 5 2 2 . 0 9 6 2 . 0 8 0 1 3 . 5 1 3 . 5 1 . 7 1 3 1 I . 5 7 9 9 
2 2 14 1 3 SO 1 4 5 8 1 0 . 5 9 0 8 0 . 5 8 7 0 2 . 0 7 7 2 . 0 5 9 1 3 . 5 1 3 . 4 1 . 5 8 4 2 1 . 6 0 0 9 
12 15 1 0 0 0 1 5 2 0 0 0 0 . 2 2 9 9 0 . 2 3 0 8 0 . 0 - 2 5 . 0 1 3 . 4 1 3 . 4 1 . 6 1 6 9 1 . 5 9 2 2 
a« 2 b 4 2 8 . • Ob 3 0 . 0 3 0 . C 5 7 9 0 . 0 0 5 0 8 0 . 2 3 0 0 0 . 0 0 0 6 0 6 4 . 9 5 0 . 1 4 S 
u 1 1 1 4 1 3 1 i • 4 1 3 0 . 2 4 8 5 0 . 2 4 9 9 0 . 0 0 . 0 1 3 . 3 1 3 . 3 1 . 5 9 9 2 1 . 6 0 6 6 
2 1 11 5 6 2 6 1 2 2 7 2 0 . 6 0 4 4 0 6 0 « 6 1 . 9 78 1 . 9 7 4 1 3 . 3 1 3 . 4 1 . 6 2 9 8 1 . 6 3 1 4 
2 2 1 2 3 0 1 1 2 5(1 1 0 . 7 0 0 2 0 . 7 0 J I 1 - . 9 6 9 1 . 9 6 8 1 3 . 4 1 3 . 4 1 . 6 4 4 1 1 . 6 0 4 7 
1 2 <3 3 4 1 0 1 4 0I> 3 8 0 . 2 4 8 2 0 . 2 4 8 6 0 . 0 - 0 . 9 5 1 3 . 4 1 3 . 3 1 . 6 1 6 1 1 . 6 5 8 2 

9 0 E N D O F DATA 

C7> 
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FILE : RIOPERH St )ATA 

1 2 IA ie 0 ~i6 4 6 0 
BB 2 4 4 2 0 0 1 
1 1 7 5 1 4 7 3 5 1 4 
2 1 14 2S 9 lo 1 5 
2 2 8 27 I S 8 3 4 5 2 
1 2 10 10 1 7 • 0 4 0 1 7 
8 8 2 b 4 2 d , 0 8 
1 1 18 2 0 0 1 8 3 7 oo" 
2 1 18 S3 5 5 1 9 2 J 0 0 
2 2 19 3 0 0 0 2 0 4 0 0 0 
1 2 (I 3 6 2 2 a 5 0 2 2 
90 END OF OAT* 

Al 0 6 / 0 9 / 8 1 14:50140 UNIVERSITY OF mATERI.00 PAGE 002 

0.0779 0*0776 0 .0 - 6 . 8 5 13.2 13.2 
28 .04 0.0579 0.00509 0.1038 0.00060b 4 . 9 5 

9.0768 0.0769 0 .0 - O . b 13.0 13.0 
0.2141 0.2129 2.62,' 2 .612 1 3 . 3 . 1 3 . 2 
0.4018 0.4005 2.50a 2 .467 13.1 1J .1 
0.0768 0.0768 0 .0 - O . J 1 J . I 13.1 

30 .04 0.0574 0.0050V 0.S0O6 0.000606 4 .95 
0.0770 0.0769 0 .0 - 1 0 . 6 13.3 13.2 
0.5586 0.5565 2.402 2 .401 13 .3 13.2 
0.7071 0.70bV 2.393 2.378 13.3 13.3 
0.0770 0.0766 0 . 0 - 9 . 4 13 .2 13.3 
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S-3.2 Subsurface Boreholes, 2-m and 4-m In te rva l Tests 



F I L E ! HC3SF PERMDATA 3 1 0 1 / 2 8 / 8 1 1 0 : 3 7 : 0 0 UNIVERSITY OF HATERLOO 

99 SINGLE FRACTURE OATA FOR HG3 
99 NOTE SOME TESTS HAD TEN < 301 AND E L E V I N ( 3 1 ) 
38 1 . 7 3 1 . 6 1 1 . 9 5 0 . 1 8 5 0 0 . 7 3 8 1 

21 8 08 8 20 0 . 2 1 9 9 0 . 2 2 0 0 
?l M 2 0 8 2 * 0 . 2 2 0 0 0 . 2 2 0 1 
BH 2 . 5 6 2 . 3 3 2 . 6 7 0 . 18SB 0 . 7 3 8 1 
11 O la 10 
21 12 3 0 , 12 4 6 0 . 2 1 4 4 0 . 2 1 * 7 
21 12 4 6 12 58 0 . 2 1 * 7 0 . 2 1 4 7 
21 12 58 13 18 0 . 2 1 * 7 0 . 2 1 * 7 
21 13 I B 13 30 0 . 2 1 4 8 0 . 2 1 4 8 
21 13 3 0 13 5 * 0 . 2 1 * 8 0 . 2 1 4 8 
99 NBO S . 4 FLOVRATE BEFORE S H U T - I N 0 . 1 5 ML /WIN , 
99 NRO 6 . 4 FLOKRATE 0 . 0 M L / H I N 
99 NRO 7 . 2 FLOaR&TE 0 . 0 ML/M1N 
99 NRO 9 . 8 FLO URATE 0 . 0 M L / 4 I N 
88 1 0 . 4 6 1 0 . 2 7 1 0 . 6 1 0 . 1 8 5 0 0 . 7 3 8 1 

21 8 0 0 8 0 2 0 - 2 6 2 8 
21 8 2 8 4 0 . 2 6 2 9 0 . 2 6 2 9 
21 8 4 8 6 0 . 2 6 2 9 0 . 2 6 2 9 
21 8 6 8 8 0 . 2 6 2 9 0 . 2 6 2 9 
21 a a a l o 0 . 2 6 2 9 0 . 2 6 2 9 0 . 0 1 7 1 1 . 5 1 1 . 4 
99 NHD 1 2 . 2 FLCURATE BEFORE S H U T - I N 0 . 0 M L / K I N 
88 1 5 . 2 4 I S . 0 1 1 5 . 3 5 0 . 1 8 5 0 0 . 7 3 8 1 0 . 2 3 4 9 
I I 01GI8 - 0 . 1 3 
21 11 07 11 9 0 . 2 6 1 3 0 . 2 6 1 2 9 . 0 1 1 1 . 5 1 1 * 5 
21 t l 9 11 11 0 . 2 6 1 2 0 . 2 6 1 2 0 . 0 0 8 1 1 . 5 1 1 . 5 
21 11 11 I I 13 0 . 2 5 1 2 0 . 2 6 1 3 0 . 0 1 1 . 5 1 1 . 5 
99 NRO 1 8 . 2 F L O M A T E 3EFOR* S H U T - I N 0 . 2 5 M L / M I N . NO FLO* 
SB 1 8 . 9 5 1 8 . 7 5 i 9 . 0 9 0 . 1 8 9 0 0 . 7 3 8 1 0 . 2 4 2 8 
i i o .?a t>7 - o . 3 o 
21 8 55 8 57 0 . 2 6 3 7 0 . 2 6 3 5 0 . 0 1 1 1 . 4 1 1 . 4 
21 8 57 8 59 0 . 2 6 3 5 0 . 2 6 3 5 0 . 0 0 6 1 1 . 4 1 1 . 4 
21 8 5 9 9 01 . 0 . 2 6 3 5 0 . 2 6 3 6 0 . 0 ! 1 1 . 4 1 1 . 3 
21 9 1 9 3 0 . 2 6 3 6 0 . 2 6 3 5 0 . 0 1 1 1 . 3 1 1 . 3 
83 2 0 . 8 * 2 0 . 6 6 2 1 . 0 0 0 . 1 8 5 0 0 . 7 3 8 1 0 . 2 7 6 0 
11 0.2-107 - 0 . 2 0 
21 12 48 12 50 0 . 2 9 1 8 0 . 2 4 1 2 0 . 0 1 2 . 0 1 1 . 9 
2 1 12 50 12 52 0 . 2 9 1 2 0 . 2 9 1 5 0 . 0 1 1 . 9 1 2 . 0 
21 12 5 2 12 54 0 . 2 9 1 5 0 . 2 9 1 5 0 . 0 1 2 . 0 1 1 . 9 
88 2 3 . 0 8 2 2 . 9 6 2 3 . 3 0 0 . 1 8 5 0 0 . 7 3 8 1 1 . 0 3 6 7 
11 O.lieU - 0 . 4 0 
- - - - - - — | l 0 » o . 0 2 1 1 . 1 1 1 . 2 

INCREMENTS 
0 . 2 0 9 3 

- 0 . 3 6 
0 . 0 2 1 1 . 4 1 1 . 4 
0 . 0 1 1 . « 1 1 . 5 

0 . 2 1 0 2 
- 0 . 3 1 

0 . 0 0 4 2 1 1 . 5 1 1 . 6 
0 . 0 0 6 6 1 1 . 5 1 1 . 5 
0 . 0 0 3 * 1 1 . S 1 1 . 5 
0 . 0 0 5 7 1 1 . S 1 1 . S 
0 . 0 0 3 8 1 1 . S 1 1 . 5 

ZERO FLO* 

0 . 2 3 1 2 
- 0 . 2 8 

0 . 0 2 1 1 . 6 1 1 . 5 
0 . 0 2 1 1 . 5 1 1 . 4 
0 . 0 1 7 1 1 . * 1 1 . 5 
0 . 0 1 7 1 1 . 5 1 1 . 5 

21 8 3 1 a 3 3 1 . 1 1 0 3 
21 8 3 3 8 35 1 . 1 1 9 4 
21 8 35 a 37 ' . 1 1 0 4 
21 8 37 a 39 1 . 1 0 9 7 
2 1 8 3 9 8 * 1 1 . 1 0 9 8 
21 8 41 8 43 1 . 1 0 9 6 
21 8 4 3 8 43 1 . 1 0 9 0 

. 1 1 0 4 O . O l t 1 1 . 2 1 1 . 3 

. 1 0 9 7 0 . 0 1 9 1 1 . 3 1 1 . 3 
. 1 0 9 8 1 . 0 2 5 1 1 . 3 1 1 . 2 
. 1 0 9 6 0 1 9 1 1 . 2 1 1 . 3 
. 1 0 90 — 0 1 9 1 1 . 3 1 1 . 3 
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2 1 1 2 4 0 1 2 4 1 0 . 8 6 6 1 0 . 6 6 5 6 3 . 5 1 2 . 0 1 2 . 0 0 . 6 8 7 7 0 . 6 5 7 7 
2 1 1 2 4 1 1 2 4 2 0 . 6 6 5 6 0 . 6 6 5 1 3 . 6 1 2 . 0 1 2 . 1 0 . 6 5 7 7 0 . 6 5 7 7 
2 1 1 2 4 2 1 2 4 3 0 . 6 6 5 1 0 . 6 6 4 7 3 . 6 1 2 . 1 1 2 . 1 0 . 6 S 7 7 0 . 6 5 7 7 
9 9 R B N R D 4 . , 5 F L O H A T E S 1 * A V NOT B E V A L I D 
8 8 5 . 5 1 S . 2 7 5 ' . 7 3 0 . 0 5 0 8 0 . 7 3 6 7 0 . , 1 3 3 9 
2 1 0 9 1 3 0 9 1 7 0 . 1 1 4 1 0 . 1 1 4 0 0 . 0 1 7 1 1 . 6 1 1 . 8 0 . 6 3 2 3 0 . 6 3 2 1 
8 8 1 0 1 2 9 . 8 0 1 0 . 2 6 : o . 0 5 0 8 0 . 7 3 6 7 0 . . 0 7 * 0 , 
2 1 OS 4 9 0 8 5 1 0 . 1 2 7 8 0 . 1 2 7 8 0 . 2 2 0 1 1 . 9 1 1 . 9 0 . 6 1 4 5 0 . 6 1 4 4 
£ 1 0 8 5 1 0 8 5 3 0 . 1 E 7 5 0 . 1 2 7 8 0 . 1 9 8 I I . 9 1 1 . 7 0 . 6 1 4 4 0 . 6 1 4 5 
2 1 OS 5 3 OS 5 5 0 . 1 2 7 8 0 . 1 2 9 0 0 . 2 0 9 1 1 . 7 1 1 . 7 0 . 6 1 4 5 0 . 6 1 4 6 
2 1 0 8 5 5 0 8 5 7 0 . 1 2 8 0 0 . 1 2 7 8 0 . 1 9 2 1 1 . 7 1 1 . 7 0 . 6 1 4 6 0 . 6 1 4 5 
2 1 0 8 5 7 0 8 5 9 0 . 1 2 7 8 0 . 1 2 7 8 0 . I 9 S 1 1 . 7 1 1 . 7 0 . 6 1 4 5 0 . 6 1 * 3 
2 1 0 8 5 9 0 9 0 1 0 . 1 2 7 8 0 . 1 2 7 8 0 . 1 8 1 1 1 . 7 1 1 . 8 0 . 6 1 4 3 0 . 6 1 * 4 
2 1 0 9 0 1 0 9 0 3 0 . 1 2 7 9 0 . 1 2 7 6 3 . 1 8 6 1 1 . 8 1 1 . 7 0 . 6 1 4 4 0 . 6 4 4 5 
2 1 0 9 0 3 0 9 OS 0 . 1 2 7 6 0 . 1 2 7 6 0 . 1 9 2 1 1 . 7 1 1 . 6 0 . 6 1 4 5 0 . 6 1 4 3 
2 1 0 9 0 5 0 0 0 7 0 . 1 E 7 6 0 . 1 2 7 6 0 . 1 8 1 1 1 . 6 1 1 . 6 0 . 6 1 4 3 0 . 6 1 4 4 
2 1 0 9 0 7 0 J 0 9 0 . 1 2 7 6 0 . 1 2 7 7 0 . 1 5 8 1 1 . 6 1 1 . 7 0 . 6 1 4 4 0 . 6 1 4 3 
2 1 0 9 0 9 0 0 1 1 0 . 1 2 7 7 0 . 1 2 7 8 0 . 1 7 5 1 1 . 7 1 1 . 7 0 . 6 1 4 3 0 . 6 1 4 3 
2 1 0 9 1 1 0 9 1 3 0 . 1 2 7 8 0 . 1 2 7 7 O s l B I 1 1 . 7 1 1 . 7 0 . 6 1 4 3 0 . 6 1 4 1 
8 8 1 0 . 5 5 1 0 . 4 4 1 0 • 9 0 0 . 0 5 0 8 0 . 7 3 6 7 0 , 2 0 9 0 
2 1 0 8 1 4 0 8 ! 8 0 . 2 2 4 6 0 . 2 2 4 4 0 . 0 2 0 1 1 . S 1 1 . 5 0 . 6 0 6 8 0 . 6 0 6 8 
2 1 OS 1 8 OS 2 2 0 . 2 1 4 4 0 . 2 2 4 3 0 . 0 2 0 1 1 . 5 1 1 . 5 0 . 0 6 0 8 0 . 0 6 0 7 
2 1 0 9 ZZ 0 8 2 6 0 . 2 2 4 3 0 . 2 2 4 2 0 . 0 1 4 1 1 . 5 1 1 . 5 0 . 0 6 0 7 0 . 0 6 0 8 
2 1 0 8 2 6 0 8 3 0 u . 2 2 4 2 0 . 2 2 4 2 0 . 0 1 4 1 1 . 5 1 1 . 4 0 . 6 0 6 8 0 . 6 0 1 6 
2 1 OS 3 0 0 8 3 4 0 . 2 2 4 2 0 . 2 2 4 2 0 . 0 1 4 1 1 . 4 1 1 . 6 0 . 6 0 6 6 0 . 6 0 6 5 
9 9 « 8 1 NRO 1 1 . S 2ERO 1 F L 0 H R A T E 5 OK 1 F L O H T E S T 
9 9 Re i NRO 1 3 . 2 5 Z E R O F L O M R A T E S C I N F L O H T E S T 
99 R8 NRO 1 9 . 2 5 ZERO FL0WRAT5.S ON FLDHTEST 
99 R8 NRO 2 1 . 5 TELETYPE NOT -OCATED 
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FILEI R10SF PERMDATA Bl 31/28/81 10:37:00 UNIVERSITY OF WATERLOO RAGE 001 

9 9 R I O S I NGLI • FRACT URE DATA 
9 9 NOTE SOME TESTS HAVE TEN ( 3 0 ) AN3 ELEV IN ( 3 1 ) INCREMENTS 
as 1 3 3 . 9 1 4 . 7 6 0 . 1903 0 . 7 3 8 1 0 . 2 1 2 4 
1 1 - 0 . 2 5 
2 1 8 3 4 8 36 0 . 2 3 3 4 0 . 2 3 3 3 0 . 0 1 2 . 1 1 2 . 0 
2 1 a 3 6 B 38 0 . 2 3 3 3 0 . 2 3 3 4 0 . 0 12 . 0 1 2 . 1 
9 9 NRO > 2 . FLO* RATE BEFORE SHUT- I N 0 . 0 M L / M I N , NO FLOM 
9 9 NRO i 3 . FLOKRATE BEFORE SHUT- I N 1 . 5 8 M L / M I N , NEC. F _ 0 * 
9 9 NRO ' *. FLOWRATE BEFORE SHUT- I N 0 . 0 M L / M I N . NO FLO* 
9 9 NRD > S . FLOWRATE BEFOHE SHUT- I N O . J M L / M I N , NC 1 FLO* 
as 6 9 a.so 9 . 6 5 0 . 1903 0 . 7 3 6 1 0 . . 5 3 8 1 
i I - 0 . 4 6 
2 1 8 1 " 8 12 0 . 5 7 5 3 0 . 5 7 5 4 0 . 0 2 1 2 . 2 1 2 . 0 
2 1 a 1«! a i t 0 . 5 7 5 4 0 . 5 7 5 4 0 . 0 2 1 2 . 0 1 2 . 1 
2 1 a 1 4 • 16 0 . 5 7 5 4 0 . 5 7 5 3 0 . 0 2 1 2 . 1 1 2 . 1 
2 1 a 1 6 8 I B 0 . 5 7 5 3 0 . 5 7 5 4 0 . 0 2 1 2 . 1 1 2 . 2 
2 1 a 1 8 8 2 0 0 . 5 7 5 4 0 . 5 T 5 4 0 . 0 2 1 2 . 2 1 2 . 2 
2 1 a 2 0 8 22 0 . 5 7 5 4 0 . B 7 5 5 0.02 1 2 . 2 1 2 . 2 
2 1 a 2 2 B 24 0 . 5 7 5 5 0 . 5 7 5 4 0 . 0 2 1 2 . 2 1 2 . 2 
2 1 a 2 4 B 26 0 . 5 7 5 4 0 . 5 7 5 7 0 . 0 2 1 2 . 2 1 2 . 2 
8 9 7 1 2 1 1 . 6 3 1 2 . 6 8 0 . 1903 0 . 7 3 8 1 0 . , 5 7 0 9 
1 1 - 4 . 0 5 
1 1 - 3 . 7 1 
2 1 7 3 4 7 S6 0 . 6 0 8 9 0 . 6 0 8 9 0 . 4 1 1 2 . 1 1 2 . 1 
2 1 7 5 6 7 SB 0 . 6 0 8 9 0 . 6 0 8 9 0 . 4 2 1 2 . 1 1 2 . 1 
2 1 7 S B a oo 0 . 6 0 8 9 0 . 6 0 B 9 0 . 3 9 1 2 . 1 1 2 . 1 
2 1 8 0 0 a oz 0 . 6 0 8 9 0 . 6 0 9 0 0 . 4 0 1 2 . 1 1 2 . 2 
2 1 a 0 2 8 04 0 . 6 0 9 0 0 . 6 0 8 8 0 . 3 8 1 2 . 2 1 2 . 2 
2 1 8 0 4 8 06 0 . 6 0 8 8 0 . 6 0 8 8 0 . 3 9 1 2 . 2 1 2 . 2 
2 1 G 0 6 8 08 0 . 6 0 8 3 0 . 6 0 8 9 0 . 3 8 1 2 . 2 1 2 . 2 
2 1 a 0 8 8 10 0 . 1 0 8 9 0 . 6 0 9 0 0 . 3 9 1 2 . 2 1 2 . 2 
2 1 8 1 0 8 12 0 . 6 0 9 0 0 . 6 0 6 8 0 . 3 9 1 2 . 2 1 2 . 1 
2 1 a 1 2 8 14 0 . 6 0 S S 0 . 6 0 9 0 0 . 3 9 1 2 . 1 1 2 . 2 
9 9 NRD 8 BEFORE S H U T - I N ( INFLUENCE OF A I R 7 > 
as a 8 1 6 . 3 1 1 7 . 1 6 0 . 1903 0 . 7 3 8 1 0 . 2 6 4 9 
1 1 - 0 . 2 5 
1 1 - 0 . 8 8 
1 1 - 0 . 4 4 
1 1 - 0 . 2 5 
2 1 1 2 8 4 12 56 0 . 2 8 * 7 0 . 2 8 4 8 0 . 0 5 1 2 . 2 1 2 . 3 
2 1 1 2 5 6 12 59 0 . 2 8 4 8 0 . 2 8 4 7 0 . 0 1 2 . 3 1 2 . 3 
2 1 1 2 ss 13 00 0 . 2 3 4 7 0 . 2 8 4 6 0 . 0 1 2 . 3 1 2 . 4 
2 1 1 3 0 0 13 02 0 . 2 3 4 6 0 . 2 8 4 B 0 . 0 1 2 . 4 1 2 * 3 
as 9 S 1 7 . 1 2 1 7 . 9 7 0 . 1903 0 . 7 3 8 1 0 . 2J87-
l i - 0 . 9 0 
11 - 0 . 5 0 
2 1 7 9 6 7 58 0 . 2 5 7 1 0 . 2 5 7 5 0 . 0 2 . u iH.O 
2 1 T SB 8 00 0 . 2 3 7 5 0 . 2 5 7 2 0 . 0 i Z . O 1 2 . 0 
£ 1 8 0 0 8 02 0 . 2 5 7 2 0 i 2 5 7 « 0 . 0 1 2 . 0 1 2 . 0 
as to 5 2 4 . 5 8 2 5 . 4 3 0 . i ! 9 0 3 0 . 7 0 2 8 
i i - 0 . 1 8 
2 k 1 1 4 5 11 47 0 . 7 5 0 3 0 . 7 5 0 0 0 . 0 0 5 1 1 . 9 1 1 . 8 
2 1 1 1 4 7 11 49 0 . 7 5 0 0 0 . 7 5 0 3 0 . 0 0 5 1 1 . B 1 1 . 7 
2 1 1 1 4 9 11 51 0 . 7 5 0 3 0 . 7 4 9 9 0 . 0 0 5 1 1 . 7 1 1 . 8 
2 1 1 1 5 1 1 1 53 0 . 7 4 9 9 0 . 7 5 0 1 0 . 0 1 1 . 8 1 1 . 8 
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B-1.1 Subsurface Boreholes, 2-m and 4-m In terva l Tests 



rlLC: S H M l ^ c h M S L H U U A T A 0 1 6 : 3 6 : 1 7 U N I V E R S I T Y LF H A T E K L U O P A G t OC1 

9 9 
V 9 
9 9 
SO 
, v 
«. J 
V* 
OB 
21 
22 
8 8 
21 
2 2 
2 3 
8 8 
2 1 
2 2 
9 9 
US 
2 2 
2 J 
8 8 
2 1 
2 2 
US 
2 1 
2 2 
BO 
2 1 
2 2 
t i e 
2 1 
2 2 
8 8 
2 1 
£ 2 
SB 
2 1 
2 2 
an 
21 
2 2 
tits 
2 1 
2 2 
BB 
2 1 
2 2 
OB 
2 1 
9 9 
2 2 
SB 
2 1 
2 2 

SB H I 
N U T E 
NHU 4 0 , 

2 1 l £ 
« 1 2 J 
I\RD s o : 

52 21 
IB 4 
12 42 £ 

54 12 
14 41 £ 
1 6 3 2 
1 7 2 6 

b e 14 
7 4 1 . 

1 4 22° 
NHO 5 8 . 

5 8 1 C 
a «e 

I I 49 
6 0 5 
1 J 3i[ 
1 4 5 9 
6 2 I S 

1 3 4 
tl J 4 
6 4 & 

11 ; J 
1 2 3 6 

6 f i l < 
17 U 0 
1 8 SO 0 

oa I i 
17 0 9 0 
1 1 4 5 C 

7 0 7 
2 0 3 2 3 
2 0 £ 8 C 

7 2 2 8 
lL , 1 . 
16 C I C 

7 4 1 2 
2 0 OC 
2 0 4 5 

76 1 1 
1 1 49 
13 03 

78 
1 6 14 
O A T E CI-
1 0 15 

J O i ; 
1 7 58 
10 23 

YDRULOGV a A T A 
E A A C T a j H K t L A M O N OF F L O K f i A T E S » J T H 

1 S T 1 N C K . F L Q « »AS N E G . 
5 0 . 0 0 t > 2 . 0 3 0 . 1 4 5 1 l i . 0 0 5 0 4 
2 1 2 5 0 . 3 O J 2 0 . 3 0 1 9 
2 1 3 3 0 . 2 9 6 2 0 . 2 9 6 9 

I N S U F F I C I E N T TANK. PKE S S U R t . FLOW E X C l l E 
b 4 . 0 0 5 6 . 0 3 0 . 1 4 5 1 0 . 0 0 5 0 4 
1 8 11 0 . 4 7 5 7 0 . 4 7 5 8 

9 12 4 2 2 5 0 . 6 0 . 5 3 4 2 0 . 5 3 4 2 
5 6 . 0 5U.0J 0 . 1 4 5 1 0 . 0 0 5 0 4 
14 51 59 U.4313 0 . 4 3 1 3 

0 .42U4 0 . 4 2 6 1 
0 . 4 0 b 0 ' 0 . 4 8 5 0 

6 0 . O J i 0 . 1 4 5 1 I . . 0 0 5 0 4 
0 . 4 7 5 1 0 . 4 7 4 7 

. , . . . . . 0 . 5 4 6 ) 3 0 . 5 4 7 9 
POOH P 2 : g U U A L l Z A T l U N 

6 0 . 0 0 6 2 . 0 3 1 0 . 1 4 5 1 0 . 0 0 7 0 4 
0 . 5 3 5 9 0 . 5 3 4 7 
0 . 4 J 3 5 0 . 4 9 2 3 

6 4 . 0 3 0 . 1 4 5 1 0 . 0 0 5 0 4 
0 . 4 9 1 3 0 . 4 9 C 1 
0 . 5 5 7 7 0 . 5 5 7 6 

6 6 . 0 3 i 0 . 1 4 5 1 0 . 0 0 5 0 4 
0 . 5 1 0 6 Or 5 1 C I 
0 . 5 8 B 8 0 . 5 8 1 : 6 

6 8 . 3 3 0 . 1 4 5 1 0 . 0 0 5 0 4 
1 1 b j 6 0 . 0 . b 0 b 6 0 . 5 0 5 6 
1 2 3 D 3 5 . 2 . 3 8 4 1 0 . 5 U 1 9 
6 B . 0 7 0 . O J i 0 . 1 4 5 1 C . 0 0 5 0 4 

0 1 7 1 3 1 0 3 . 4 0 . 5 0 5 3 0 . 5 0 5 3 
0 1 8 5 0 7 9 . 5 0 . 5 4 9 6 0 . 5 4 * 8 

7 0 . 0 7 2 . O J 0 . 1 4 5 1 C . 0 0 5 0 4 
0 17 I V 0 0 0 . 5 3 2 2 0 . 6 3 2 3 
0 1 7 5 0 ' 0 0 0 . 5 9 4 4 0 . 5 9 4 2 

7 2 . 0 7 4 . 0 3 0 . 1 4 6 1 0 . 0 0 5 0 4 
2 0 J 2 1 5 8 . 7 0 . 4 9 8 6 0 . 4 9 6 6 
2 0 5 8 1 7 7 0 . 5 5 7 6 0 . 5 5 7 6 
/ 4 . 0 I 7 6 . 0 3 i 0 . 1 4 5 1 C . 0 0 5 0 4 
1 5 1 6 ' 0 . 5 4 6 9 0 . 5 4 7 1 
1 6 0 1 * 9 8 . 0 0 . 6 t j 3 8 0 . 6 5 J 8 
7 b . U . 7 8 . 0 3 0 . 1 4 b l 0 . 0 0 5 0 4 
2 0 1 0 . 0 . 5 3 4 8 0 . 5 3 4 7 
2 0 S>5 0 . 6 4 6 3 0 . 6 4 6 1 
7 8 . 0 J 8 0 . U J 0 . 1 4 5 1 U . 0 0 5 0 4 
1 1 4 9 5 0 . 4 0 . S 4 6 0 0 . 5 4 5 0 
1 3 0 J I J 2 . 6 0 . 6 0 8 0 0 . 6 0 6 0 
8 0 . 0 8 2 . O j 0 . 1 4 b ! 0 . 0 0 5 0 4 
1 6 1 9 3 6 . 5 0 . 5 2 7 4 0 J 5 2 7 4 

» N G £ S TO S E C T 2 6 / 7 9 
1 0 15 4 2 . 8 0 . E . S 5 9 0 . 5 5 5 9 
8 2 . 0 0 8 4 . O J 0 . 1 4 5 1 C . 0 0 5 0 4 
1 7 5 8 b l . 8 0 . 5 4 1 0 0 . 5 4 1 0 
1 0 2 3 4 8 . 9 0 . 5 6 9 4 0 . 5 5 4 4 

D A T A L O G G E R NCT P U S S 1 H L E 

1 6 4 2 
1 7 3 6 ; 
5 8 . 0 0 

7 i l 
14 32 

8 bO 
1 1 5 9 
6 2 . 0 0 
1 3 4 2 
I S 9 
6 4 . 0 

7 4 4 
8 4 4 

6 6 . 0 

0.209b 
93.24 S.8 5.7 
dB.46 5.8 5.9 

DS SYiTEMS CAPABILITIES 
0.4/59 

1.363 12.7 12.7 
1.799 13.U 12.4 

0.4298 
0.174 13. o 13.6 
0.09 9 12.8 12.4 
0. 150 12.8 1 1.9 

0.^470 
0.U8S 11.1 10.4 
0. 138 14^6 14.8 

0.37BJ 1 

0.154 11 .9 11.1 
0.091 15.1 14.4 

0.4913 
0.162 15.3 15.5 
0.293 14.8 15.0 

0.3819 
0.062 4.2 5.5 
0.105 7.B 6.9 

0.6072 
5.75 12.4 12.4 
9.801 12.0 12.9 

0.5071 
6.673 8.2 8.2 
8.679 7.0 7.0 

0.5323 
0.388 9.9 9.6 
0.6B0 9.8 9.0 

0.4772 
10.65 8.9 8.9 
18.03 7 .6 7.6 

0. 5358 
1 .811 V. 1 6.9 
3.520 9.0 9.0 

0.5349 j 
1.279 I 6.9 
3.061 7'.5 6.6 

0.5264 [ 13.690 11.1 1 1 .1 
21.165 12. 1 12.1 
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F I L E ! SBH31NJ DATA1 » 0 6 / 1 0 / a l 0 9 i 2 5 : 0 2 UNIVERSITY OF HATERLQO PAGE OOl 

TEST INTERVAL OliLTA F- UELTA Q D»OI FFERENT IAL TRANSDUCER 
( M . ) (M.OF -120) ( C C / M I N ) o=dUBBLOMETER 

3 8 - • 0 D 
4 0 - 4 2 I N C . l S . 4 9 0 . 6 1 0 
4 0 - 4 2 INC . 2 5 . 2 5 1 . 7 2 0 
4 2 - 4 4 8 . 9 1 0 . 1 6 D 
4 4 - * 6 5 . 1 6 - 0 . 0 6 0 
4 6 - 4 8 1 6 . 0 8 1 . 3 3 D 
4 8 - 5 0 I N C . l 6 . 5 8 - 0 . 6 2 0 
4 8 - 5 0 i. .%C. 2 5 . 7 5 - 7 -68 0 
S O - S 2 3 . 1 3 - 0 . 0 7 D 
5 2 - 5 4 5 . 1 6 0 . 4 2 0 
5 4 - 5 6 9 . 1 7 3 . 8 3 D 
5 6 - 5 8 1 .02 - 0 . S 7 0 
sa- 6 0 1 . 0 6 - 1 5 . 4 5 D 
6 0 - 6 2 1 7 . 6 9 3 . 8 3 0 
« 2 - 6 4 • 6 4 - 6 6 UNABLE TO INTERPRET DATA 0 
6 6 - 6 8 0 
6 8 - 7 0 1 7 . 4 3 2 . 4 5 0 
7 0 - 7 2 3 , 7 9 1 0 . 9 5 0 
7 2 - 7 4 5 . 6 2 6 . 6 o a 
7 4 - 7 6 1 0 . 3 4 0 . 1 2 a 
7 6 - 7 8 3 5 . 3 6 1 . 3 5 a 
7 8 - 8 0 3 4 . 3 4 0 . 0 5 a 
8 0 - 8 2 2 4 . 7 6 0 . 2 8 a 
8 2 - 8 4 9 . 6 9 - 0 . 3 0 8 
8 4 - 8 6 1 2 . 0 3 0 . 0 0 8 
8 6 - 8 8 a 
8 8 - 9 0 1 6 . 0 1 0 . 1 . a 
9 0 - 9 2 4 . 6 7 1 . 6 9 9 
9 2 - 9 4 4 . 5 » 0 . 1 0 a 
9 4 - 9 6 1 0 . 9 1 0 . 1 6 B 
9 6 - 9 8 «.*a 0 . 0 5 9 
9 8 - 1 0 0 I N C . l U.20 7 2 . 8 0 B 
9 8 - 1 0 0 I N C . 2 0 . 2 4 4 0 . 0 6 a 

1 0 0 - 1 0 2 0 . 4 3 60 . 7 6 a 
1 0 2 - 1 0 4 4 . 5 9 2 6 . 4 2 e 
1 0 4 - 1 0 6 a 
1 0 6 - 1 0 8 a 
1 0 8 - U O a 
1 l O - 1 1 2 a 
l l 2 - 1 1 4 2 7 . 1 2 0 . 0 14 a 
1 14- 1 1 6 1 8 . 9 0 0 . 0 2 3 a 
1 1 6 -1 1 8 2 4 . 0» 0 . 0 2 2 a 
1 1 8 - 1 2 0 : a 
1 2 0 - 1 2 2 1 0 . 2 4 0 . 0 0 4 a 
IZZ- 1 2 4 1 . 2 * 2 6 . 9 0 a 
! 1 4 - 1 2 6 7.SB 2 . 2 3 a 
1 2 6 - 1 2 8 2 3 . 2 3 2 . 5 4 0 
1 2 8 - 1 30 1 3 . 8 b I S . 4 2 a 
1 3 0 - 1 3 2 21 . 93 1 2 . 6 0 a 
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B-3.4 Subsurface Boreholes, Sinqle Fracture Tests 
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FILE: SBHISF PERMDATA SI 01 /28 /81 

2 1 1 3 5 2 1 3 5 6 
2 1 1 3 5 6 1 4 0 0 
2 1 1 * 0 0 1 4 0 4 
2 2 1 4 3 2 1 4 3 6 
2 2 1 4 3 6 1 4 4 0 
2 2 1 4 4 0 1 4 4 4 
2 2 14 5 2 1 4 5 6 
2 2 X 1 * 56 l i ; oo 
2 2 1 9 0 0 15 0 4 
2 2 I S 0 6 1 5 1 0 
2 2 1 5 1 0 1 5 1 4 
2 2 1 5 1 8 1 5 2 2 
2 2 1 5 2 2 1 5 2 6 
2 2 1 5 2 6 1 5 3 0 
8 8 2 0 8 . 4 3 16 
2 2 1 1 5 3 1 1 5 7 
2 2 1 1 5 7 1 2 0 5 
2 2 1 2 0 5 1 2 0 9 
2 2 1 2 0 9 1 2 1 3 
2 2 1 2 1 3 1 2 1 7 
2 2 1 2 1 7 1 2 2 1 
2 2 1 2 2 1 1 2 2 5 
2 2 1 2 2 5 1 2 2 9 
2 3 1 2 4 9 1 2 5 3 
2 3 1 2 5 3 1 2 5 7 
2 3 1 2 5 7 1 3 0 1 
2 3 1 3 0 1 1 3 0 5 
2 3 1 3 0 5 1 3 0 9 
2 3 1 3 0 9 1 3 1 3 
2 3 1 3 1 3 1 3 1 7 
2 3 1 3 1 7 1 3 2 1 
9 9 S3KSSF N R D 2 0 8 . 
8 8 211 . . 0 2 29 2 1 0 , 4 
21 1 5 5 0 1 5 5 4 
2 1 1 5 5 4 I S 5 8 
2 1 1 5 5 8 1 6 0 2 
2 1 1 6 0 2 1 6 0 6 
2 1 1 6 0 6 1 6 1 0 
2 1 1 6 1 0 1 6 1 4 
2 1 1 6 1 4 1 6 1 8 
2 1 1 6 1 8 1 6 2 2 
2 1 1 6 2 2 1 6 2 6 
2 2 1 6 3 7 1 6 4 1 
2 2 1 6 4 1 1 6 4 5 
2 2 1 6 4 5 1 6 4 9 
2 2 1 6 4 9 1 6 S 3 
2 2 1 6 5 3 1 6 5 7 
2 2 1 6 5 7 1 7 0 1 
2 2 1 7 0 1 1 7 0 5 
2 J OB 5 0 0 8 5 4 
2 3 0 8 5 * 0 8 5 8 
2 3 0 8 5 8 0 9 0 2 
2 3 0 9 0 2 0 9 4 8 
2 3 0 9 4 8 0 9 5 2 
2 3 0 9 5 2 0 9 5 6 

0 . 4 6 2 2 0 . 4 6 1 8 
0 . 4 6 1 8 0 . 4 6 1 4 
0 . 4 6 1 4 0 . 4 6 1 1 
0 . 5 1 5 8 0 . 5 1 6 0 
0 . 5 1 6 0 0 . S 1 6 2 
0 . 5 1 6 2 0 . 5 1 6 2 
0 . S I 59 0 . 5 1 5 4 

0 . 5 1 5 4 0 . 5 1 53 
0 . 5 1 5 3 0 . 5 1 5 1 
0 . 5 5 5 1 0 . 5 5 4 8 
0 . 5 S 4 B 0 . 5 5 4 9 
0 . 5 3 4 7 0 . 5 5 4 8 
0 . 5 5 4 8 0 . 5 5 4 8 
0 . S 5 4 B 0 . 5 5 4 3 

1 . 9 5 0 0 1 . 9 4 9 5 
1 . 9 4 9 5 1 . 9 4 8 3 
1 . 9 4 8 3 1 . 9 4 8 0 
1 . 9 4 8 0 1 . 9 4 7 S 
1 .94 75 1 . 9 4 7 0 
1 . 9 4 7 0 1 . 9 4 6 5 
1 . 9 4 6 5 1 . 9 4 6 1 
1 . 9 4 6 1 1 . 9 4 5 7 
2 . 1 5 8 8 2 . 1 5 7 2 
2 . 1 5 7 2 2 . 1 5 5 9 
2 . 1 5 5 9 2 . 1 5 4 1 
2 . 1 5 4 1 2 . 1 5 3 3 
2 . 1 5 3 3 2 . 1 5 ! 9 
2 . 1 5 1 9 2 . 1512 
2 . 1 5 1 2 2 . 1 5 0 3 
2 . 1 5 0 3 2 . 1 4 9 5 

43 F IRST i INCREMENT 
4 2 1 1 . 2 4 

1 . 1 6 4 6 1 . 1 6 4 2 
1 . 1 6 4 2 1 . 1 6 4 4 
1 . 1 6 4 4 1 . 1 6 4 4 
1 . 1 6 4 4 1 . ( 6 4 3 
1 . 1643 1 . 1 6 4 7 
I . X I 6 4 T 1 . 1 6 4 5 
1 . 1 6 4 5 1 . 1 6 4 4 
1 . 1 6 4 4 1 . 1 6 4 5 
1 . 1645 1 . 1 6 4 6 
1 . 2 1 4 2 1 . 2 1 4 4 
1 . 2 1 4 * 1 . 2 1 4 3 
1 . 2 1 4 3 1 . 2 1 4 3 
1 . 2 1 4 3 1 . 2 1 4 2 
1 . 2 1 4 2 1 . 2 1 4 3 
1 . 2 1 4 3 1 . 2 1 4 3 
1 . 2 1 4 3 1 . 2 1 4 5 
1 . 2 6 6 6 1 . 2 6 6 3 
1 . 2 6 6 3 1 . 2 6 6 4 
1 . 2 6 6 4 1 . 2 6 6 2 
1 .26 62 1 . 2 6 6 1 
1 . 2 6 6 1 1 . 2 6 6 2 
1 . 2 6 62 1 . 2 6 6 0 

UNIVERSITY OF WATERLOO PAGE 0 

0.236 I 1.0 11.0 0 .1*09 0.1409 
0.i>33 11.0 10.7 0.1409 0.1410 
0.236 10 .7 11.2 0.1410 0.1410 
0.296 10.9 10*7 0.1942 0.1942 
0.273 10.7 10.7 0.1942 0.1941 
0.256 10 .7 11.7 0.1941 0.1941 
0.236 10»7 10.9 0.1941 0.1941 

0.226 10.9 11.4 0 .19*1 0 .194! 
0.221 11 .9 9 .9 0.1941 0.1940 
0.310 10.5 10.6 0 .233* 0 .2333 
0 . 2 8 * 10 .8 10 .5 0.2333 0 .2332 
0.270 10.9 11.3 0.2332 0 .2332 
0.263 11 .3 10.6 0.2332 0.2332 
0.262 10 .6 10.8 0.2332 0.2332 

1.7852 
0. 143 
0.094 
0.083 
0.075 
0.072 
0.072 
0.072 
0.072 
0. 167 
0.135 
0.109 
0.109 
0.104 
0.104 
0.104 
0.104 

1.1509 15 /10 /79 
0.0776 11.2 11.3 0.1840 0.1845 
0.0633 11 .3 11.6 0.1845 0.1830 
0.0345 11.6 12.9 0.1830 0.1830 
0.0316 12.9 12.6 0.1830 0.18J1 
0.0316 12.6 11.9 0.1831 0.1831 

0.0287 11.9 12.2 0.1831 0.1832 
0.0287 12.2 12.7 0.1832 0.1832 
0.0258 12.7 11.9 0.1B32 0.1832 
0.0258 11.9 11.0 0.183L 0.1833 
0.0690 11.9 12.9 0.2334 0.2318 
0.0400 12.9 11.2 0.2316 0.2318 
0.0345 11.2 12.0 0.2310 0.2318 
0.0287 12.0 11.7 0.2316 0.2320 
0.0387 11.7 11.6 0.2320 0.2318 
0 . 0 2 8 7 1 1 . 8 1 0 . 7 0 . 2 3 1 6 0 . 2 3 2 0 
0 . 0 2 8 7 1 0 *7 1 2 . 6 0 . 2 3 2 0 0 . 2 3 1 8 
0 . 0 6 3 0 8 . 2 7 . 3 0 . 2 8 4 5 0 . 2 8 4 1 
0 . 0 5 7 0 7 . 3 6 . 8 0 . 2 8 4 1 0 . 2 8 3 8 
0 . 1 0 9 0 6 . 8 8 . 5 0 . 2 8 3 8 0 . 2 8 4 2 
0 . 0 5 8 0 a .s 7 . 7 0 . 2 8 4 2 0 . 2 83 0 
0 . 0 2 9 0 7 . 7 8 . 4 0 . 2 8 3 0 0 . 2 8 2 9 
0 . 0 5 5 0 8 . 4 7 . 9 0 . 2 B 2 8 0 . 2 8 2 B 
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B-3.5 Subsurface Boreholes, 6 to 7-w Interval Tests 
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APPENDIX B-4 

SELECTED TEST RESULTS, POROUS MEDIA 
HYDRAULIC CONDUCTIVITIES, EQUIVALENT SINGLE FRACTURE 

APERTURES, ETC., FOR ALL OF THE BOREHOLES TESTED 



F I L E : Hri?OERM SCHART A I 0 5 / 2 1 / 8 1 1 5 : 4 3 : 1 8 UNIVERSITY OF WATERLOO PAG^ 001 

INTFRVAL O I F F . FLOW- PERMEA- CONDUC- E O U I V . TRANSMIS-
HEAD RATE. R I L I T Y T3V1TY STNG.FR. S I V I T Y 

0 111 (Ml I C C / f l l N ) (SO.CM) (CM/SEC) APERT. ( S U . C M / S E M 
(MICRO M . ) 

9 9 HOLE HG2 HYDROLOGY OATA 
1 . 6 1 Tn 3 . 6 1 0 . 0 1 3 0 . 0 2 0 0 . 3 1 E - 1 3 0 . 2 S F - 0 1 4 . 2 1 0 . 4 9 E - 0 6 
5 . 6 1 TO 7 . 6 1 5 . 4 5 2 0 . 3 4 0 0 . 5 8 ^ - 1 2 0 . 4 6 F - 0 7 1 1 . 1 8 0 . 9 2 E - 0 5 
7 . 6 1 TO 9 . 6 1 1 0 . 0 7 2 0 . 0 2 3 0 . 2 I E - 1 3 0 . 1 7 F - 0 1 3 . 7 1 0 . 3 4 E - 0 6 
9 . 6 4 TO 1 1 . 6 4 2 1 . 3 0 8 0 . 3 7 3 0 . I 6 E - 1 2 0 . 1 3 E - 0 7 7 . 3 2 0 . 2 6 E - 0 5 

1 1 . 6 4 TO 1 3 . 6 4 2 8 . 1 7 2 0 . 1 4 7 0 . 4 9 E - 1 3 0 . 3 9 E - 0 3 4 . H 9 0 . 7 7 E - 0 6 
1 3 . 6 4 TO 1 f t . 6 8 1 1 . 9 7 7 0 . 0 0 7 0 . 3 6 E - 1 4 0 . 2 P E - 0 9 2 . 3 6 O . 8 6 6 - 0 7 
1 5 . 6 * TO 1 7 . 6 4 1 5 . 8 1 5 0 . 0 1 7 0 . I 0 I : - 1 3 0 . 7 9 F - 0 9 2..19 0 . I 6 F - 0 6 
1 7 . 6 7 TO 1 9 . 6 7 1 4 . 4 0 1 0 . 4 7 0 0 . 3 1 F - 1 2 0 . 2 4 F - 0 7 9 . 0 1 0 . 4 8 F - 0 5 
1 9 . 6 7 TO 2 1 . 6 7 2 4 . 0 3 7 1 . 5 5 5 0 . 6 0 E - 1 2 0 . 4 8 E - 0 7 1 1 . 3 2 0 . 9 6 E - 0 5 
2 1 . 6 7 TO 2 3 . 6 7 1 4 . 2 4 2 0 . 0 5 0 0 . 3 3 E - 1 3 0 . 2 6 E - 0 8 4 . 2 8 0 . 5 2 E - 0 6 
2 5 . 6 6 TO 2 7 . 6 6 2 2 . 8 1 1 0 . 0 9 4 0 . 3 9 E - 1 3 O.JOF-Otl 4 . 5 2 0 . 6 I F - 0 6 



FILS: HG3PERM SCHART Al 05/21/81 16:35:56 

INTERVAL OIFF, FLOW- PERMEA-HEAD RAT=- HILITY 0 (M) IH) (Cr/MIN) (50.CM) 

9 9 H O L E H G 3 H Y D R O L O G Y O A T A 
* . 0 5 TO 6 . 0 8 - 9 2 . 3 8 0 - 3 . 2 5 3 0 . 3 2 E - 1 2 
5 . 9 * 1 TO 8 . 0 1 - 3 6 . 0 0 7 - 0 . 1 8 3 0 . 4 7 E - 1 3 
8 . 0 6 TO 1 0 . 1 1 - 9 . 9 2 0 0 . 0 0 0 O . O O E 0 0 

1 0 . 0 4 TO 1 2 . 0 7 - 5 3 . 5 3 3 - 0 . 0 2 7 0 . 4 6 E - 1 4 
1 2 . 0 2 T O 1 * . 0 5 - 9 7 . 0 7 0 - 0 . 0 6 8 0 . 6 5 E - 1 4 
1 4 . 0 1 TO 1 6 . 0 * - 6 1 . 6 1 7 - 0 . 0 2 7 0 . 4 0 E - 1 4 
1 6 . 0 0 TO 1 8 . 0 3 - 7 8 . 9 4 8 - 0 . 0 3 6 0 . 4 2 E - 1 4 
1 7 . 7 2 TO 1 9 . 7 5 - 5 4 . 7 6 6 - 0 . 0 2 3 0 . 3 9 E - 1 4 
1 9 . 7 6 TO 2 1 . 8 3 - 0 . 0 5 5 - 0 . 0 0 3 0 . 5 S E - 1 2 
2 1 . 8 * TO 2 3 . 8 2 - • 1 0 9 . 2 4 7 - 0 . 2 8 7 0 . 2 S E - 1 3 
2 3 . 7 2 TO 2 5 . 8 0 - • 1 0 6 . 5 0 4 - 0 . 3 2 3 0 . 2 7 E - 1 3 
2 5 . 8 8 TO 2 7 . 9 1 ' 1 7 . 5 9 5 - 1 4 . 5 5 7 0 . 1 1 E - 1 1 

N I V E R S I T Y !7F WATERLOO P A C ^ 0 0 1 

C O N D U C - F 0 U 1 V . T R A N S M t S -
T I V I T Y S 1 N G . F R . S 1 V I T Y 
( C M / S E C ) A P E R T . ( S 0 . C M / 5 E C ) 

C I C R O M . ) 

0 . 2 6 5 - 0 7 9 . 2 4 0 . 5 2 6 - 0 5 
0 . 3 7 5 - 0 8 4 . 8 5 0 . 7 S E - 0 6 
O . O O E 0 0 0 . 0 0 O . O O E 0 0 
0 . 3 6 ? - 0 9 2 . 2 3 0 . 7 4 E - 0 7 
0 . 5 I E - 0 9 2 . 5 1 0 . 1 0 E - 0 6 
0 . 3 2 E - 0 9 2 . 1 3 0 . 6 4 S - 0 T 
0 . 3 3 E - 0 9 2 . 1 7 0 . 6 7 E - 0 7 
0 . 3 1 E - 0 9 2 . 1 2 0 . 6 3 E - 0 7 
0 . 4 4 E - 0 7 i 1 . 1 1 0 . 9 0 E - 0 5 
0 . 2 0 E - 0 8 3 . 8 9 0 . 3 9 E - 0 6 
0 . 2 ? S - O 8 4 . 0 8 0 . 4 5 5 - 0 6 
0 . 9 0 E - 0 7 1 4 . 0 5 0 . 1 9 E - 0 4 

ro 
no 



F I L E : HC4PERM SCHART At 0 5 / 2 1 / 3 1 1 6 : 3 6 : 3 9 UNIVERSITY OF WATERLOO PAGF 001 

INTERVAL D I F F . FLOW- PERweA- CONDUC- E O U I V . TRANSMIS-
HEAD BATS FHLITY TIVTTY S1NG.FR. S I V I T Y 

0 ( H ) (M) (CC/M1N) (SO.CM) (CM/SFC) APERT. (SO.CM/SEC) 
(•< ICRO M. ) 

99 HOLE HG4 HYDROLOGY DATA 3.37 TO 5.85-112.773 -8.B67 0.74E-12 0.59E-07 12.08 O.1ZE-0* 5.78 TO 7.76-1*0.877 -0.690 0.46F-13 0.37;-0B 4.79 0.7ZE-06 7.81 TO 9.79 -31.151 -0.900 0.P7E-12 0.22E-07 8.65 0.43E-0S 11.02 TO 13.80 -91.770 -0.019 0.Z0E-14 0.16E-09 1.67 0.31E-07 13.91 TO 15.79-169.091 -0.143 0.30E-14 0.63E-09 2.66 0.I2E-06 15.92 TO 17.90-153.241 -0.1Z0 0.74E-14 0.59E-09 2.60 0.12E-06 17.77 TO 19.75-191.735 -0.094 0.47E-14 0.37E-09 2.Z3 0.73E-07 19.36 TO 21.84-116.909 -0.040 0.32E-14 0.26E-09 1.97 0.51E-07 23.81 TO 25.79-104.746 -4.111 0.37E-12 0.29E-07 9.58 O.SHE-05 25.81 TO 27.79-104.587 -13.100 0.1ZE-11 0.94E-07 14.10 0.19E-04 27.91 TO 30.00 -95.911 -79.070 0.74r-ll 0.59E-06 26.43 0.I2E-03 
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FILr^: RIPERM SCHART AI 05/21/81 16:37:48 IJNIVFHSITV OF WATERLOO PAGE OOI 

INTERVAL DIFF. FLOW- P^RMFA- CONOUC- EQUIV. TRANSM1S-" « " RATE niLITY TIVITY SING.rR. SIVITY 0 (M) (C/MIN) (SO.CM) ICM/SEC) 4PERT. (SO.CM/SEC) C MICRO M. I 
9 9 HOLE R l HYOROLOGY DATA 

17.SO TO 2 1 . 5 0 8 . 7 9 7 1 . 5 2 3 0 . 8 1 6 - 1 2 0 . 6 4 E - 0 7 1 5 . 7 1 0 . 2 6 E - 0 4 
21 . 5 0 TO 2 5 . 5 0 1 0 . 0 6 4 0 . 1 46 0 , f , 8 S - t 3 0 . 5 3 E - 0 8 6.-57 0 . 2 t E - 0 5 
2 S . 5 0 T O 2 9 . 5 0 8 . 9 3 8 0 . 0 5 2 0 . 2 7 E - 1 3 0 . 2 2 F - 0 8 5 . 0 8 0 . 8 7 E - 0 6 
2 9 . 5 0 TO 3 3 . 5 0 8 . 7 9 7 0 . 1 4 0 0 . 7 5 E - 1 3 0 . 5 9 E - 0 3 7 . 1 0 0 . 2 4 E - O S 
3 1 . 5 0 TO 3 7 . 5 0 B . 1 6 4 0 . 1 15 0 . 6 6 C - I 3 0 . 5 2 E - 0 8 6 . 8 1 0 . 2 I E - 0 5 
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I L ? : R4PERM SCMART Al 0 5 / 2 1 / < U 1 6 : 3 9 : 4 5 UNIVERSITY OF WATERLOO PAGE 0 

INTERVAL O I F F . FLOW- PERMEA­ CONDUC- EOUI V . TRANSMIS-
HEAD RATE B I L I T Y T I V I T Y S I N G . T R . S I V I T Y 

( M ) ( M l (CC /MIN ) ( S a . c * ) ( C / S E C ) APEWT. ( S Q . C M / S F C ) 

HOLE R 4 HYDROLOGY DATA 
5 . 3 0 TO 8 . 1 1 - 3 1 . 5 8 8 - 2 . 5 0 0 0 . 6 7 E - 1 2 0 . 5 3 E - 0 7 1 2 . 1 0 0 . 1 2 E - 0 4 
7 . 9 0 TO 1 0 . 1 1 - 3 3 . 9 0 4 0 . 0 0 0 O.OOE 00 0 .0OE 0 0 0 . 0 0 O.OOE 00 
1 . 9 0 TO 1 2 . 1 1 - 3 7 . 3 1 9 - 6 . 5 0 0 o. i str-i i 0 . 1 2 E - 0 6 1 5 . 7 4 0 . 2 6 F - 0 4 

11 . 9 0 TO 1 4 . 1 1 - 3 4 . 5 7 4 - 4 . 8 9 0 0 . 12E-1 I 0 . P 5 F - 0 7 1 4 . S 9 0 . 2 1 E - 0 4 
1 3 . 9 0 T O 1 6 . 1 1 - 1 7 . 9 9 6 - 0 . 3 8 2 0 . 1 0 E - I 2 0 . 1 4 E - 0 7 7 . 3 1 0 . 3 1 E - 0 5 
is .no T O 1 8 . 0 1 - 1 8 . 9 4 3 - 0 . 2 6 0 0 . I 2 E - 1 2 0 . 1 2 C - 0 8 6 . 7 5 0 . 2 0 E - 0 5 
17 .B? TO 2 0 . 0 3 - 2 6 . 3 5 4 - 2 . 6 00 0 . B 3 E - 1 2 0 . 6 6 E - 0 7 1 3 . 0 3 0 . 1 S E - 0 4 
1 7 . 0 2 T O 2 0 . 0 3 - 2 6 . 3 5 4 - 2 . 4 0 0 0 . 7 7 E - 1 2 0 . 6 1 F - 0 7 1 2 . 6 0 0 . 1 3 E - 0 4 
1 7 . 8 2 TO 2 0 . 0 3 - 2 6 . 3 5 4 - 2 . 3 4 0 0 . 7 5 E - 1 2 O . S 9 E - 0 7 1 2 . 5 8 0 . 1 3 E - 0 4 
1 9 . 8 0 TO 2 2 . 0 1 - 3 3 . 0 6 7 - 2 . 2 7 0 0 . S 8 E - 1 2 0 . 4 6 E - 0 7 1 1 .54 0 . 1 0 E - 0 4 
1 9 . 8 0 T O 2 2 . 0 1 - 3 3 . 0 7 4 - 2 . 1 0 0 0 . 5 4 E - 1 2 0 . 4 2 E - 0 7 1 1 . 2 5 0 . 9 4 E - 0 5 
2 1 . 9 2 TO 2 4 . 1 3 - 2 b . 0 0 9 - 0 . 7 3 0 0 . 2 4 E - 1 2 0 . 1 9 C - 0 7 8 . 5 ' 0 . 4 1 E - 0 5 
2 1 . 9 2 TO 2 4 . 1 3 - 2 5 . 9 7 4 - 0 . 7 00 0 . 2 3 E - I 2 O . I B E - 0 7 8 . ' - 5 0 . 4 0 E - 0 5 
2 3 . 9 2 T O 2 6 . 1 3 - 4 2 . 9 2 6 - 6 . 3 00 0 . 1 2 E - 1 1 0 . 9 8 E - 0 7 14. 8 7 0 . 2 2 E - 0 4 
2 7 . 9 1 TO 3 0 . 0 0 - 5 3 . 6 7 6 - 0 . 0 25 0 . 4 2C - 1 4 0 . 3 3 E - 0 9 2 . 1 9 0 . 6 9 E - 0 7 

http://is.no
http://24.13-2b.009
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rlLFt RIOPERM SCHART AI 05/21/81 16:34:87 UNIVERSITY OF WATERLOO P«GE 001 

INTERVAL O I F F . FLOW- PERCEA- CONOUC- E O U I V . TRANSMIT.-
HEAD RATE O I L I T Y T I V I TY S I N G . F R . s iv rTY 

( M ) ( M) ( CC/MIN) (SO.CM) (CM/SEC) APERT. 
(MICRQ M. 

(SQ.CM/SF 
1 

9 HOLE Rl 0 HYDROLOGY DATA 
3 . 8 3 TO 3 . 8 1 - 7 2 . 9 5 4 - 1 . 0 8 6 o. i ' .e - iz 0 . ! 1 E - 0 7 ' 93 0 . 2 2 ^ - 0 5 
5 . 3 7 TO 7 . 8 5 - 9 4 . 0 8 9 - 2 . 2 3 2 0 .? - " - 12 C, . . d'. - 0 1 . . . 1 0 0 . 3 b ' : - 0 5 
7 . 9 0 TO 9 . 8 8 - 6 7 . 8 5 3 - ' ' 24 0 . 2 0 E - 1 2 0 . 16E-0 7 7 . 7 8 0 . 3 1 E - 0 5 
9 . S 8 TO 11 . 8 0 - ' - ? „ C07 - 1 . 7 17 0 . 2 4 E - 1 2 0 . 1 9 E - 0 7 8 . 3 0 0 . 3 8 E - 0 S 

1 1 . 8 0 TP ' 3 . 7 o - 3 4 . 6 5 9 - 3 . 3 0 0 0 . 5 7 E - 1 2 0 . 4 5 E - 0 7 1 1 . 0 6 0 . 8 9 E - 0 5 
i 3 ,a . IO 1 5 . 8 5 - 7 5 . 3 0 0 - 0 . 5 4 3 0 . 6 8 E - 1 3 0 . 5 4 E - 0 8 5 . 4 5 0 . 1 1 E - 0 5 
I S . 8 * TO 1 7 . 8 2 - 5 J . 6 5 9 - 0 . 4 9 0 0 . 9 6 F - 1 3 0 . 6 8 E - 0 8 5 . 8 9 0 . 1 3 E - 0 5 
1 7 . 3 5 TO 1 9 . 8 3 - 3 5 . 1 6 9 ' - 0 . 6 20 0 . 1 7 E - 1 2 0 . 1 3 E - 0 7 7 . 3 4 • 0 . 2 6 E - 0 5 
1 9 . 8 5 TO 2 1 . 8 3 - 3 1 . 6 5 7 - 0 . 7 90 0 . 2 4 F - 1 2 0 . 1 9 E - 0 7 8 . 2 4 0 . 3 7 E - 0 5 
2 1 . 8 0 TO 2 3 . 7 8 - - 1 4 8 . 8 8 6 - 1.1 I 1 0 . 7 0 E - 1 3 0 . S 6 E - 0 8 5 . 5 1 0 . 1 1 E - 0 5 
8 4 . 0 3 TO 2 6 . 0 6 - 1 1 . 6 0 1 - 0 . 2 3 0 0 . 1 8 E - 1 2 0 . 1 4 F - 0 7 7 . 6 3 0 . 2 9 E - 0 5 
2 6 . 0 1 TO 2 9 . 0 4 - 3 . 7 2 6 i - 0 . 0 2 0 0 . 4 0 E - 1 3 0 . 3 9 E - 0 0 4 .94 0 . 7 9 E - 0 6 
2 B . 0 8 TO 3 0 . 0 4 - 5 9 . 4 0 8 , - 0 . 6 2 4 0 . 1 0 F - 1 2 0 . 7 9 5 - 0 8 6 . 1 7 0 . 1 6 E - 0 5 
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