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ABSTRACT

Standardized f i e l d  and in  s i t u  rock mechanics te s t in g  procedures have 
been prepared f o r  use in  the National Terminal Waste Storage Program. 
The procedures emphasize equipment performance s p e c i f i c a t io n s ,  docu­
mentat ion and re p o r t in g ,  and Q ua l i t y  Assurance acceptance c r i t e r i a .  
S u f f i c i e n t  t h e o re t i c a l  background is  included to  al low the user to  
perform the necessary data reduct ion .  These procedures incorporate  
e x is t in g  standards when poss ib le ,  otherwise they represent the current 
s ta te  o f  the a r t .  Maximum f l e x i b i l i t y  i n  equipment design has been 
incorporated to  a l low use o f  t h i s  manual by e x is t in g  groups and to  
encourage fu tu re  improvements.
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F ie ld  and In S itu Rock Mechanics Testing Manual

1.0 In t roduc t ion

1.1 Background.

The National Waste Terminal Storage (NWTS) program Includes 
several rock mechanics te s t in g  studies to f u l l y  character ize 
rock at candidate nuclear waste repos i to ry  s i te s .  Because of 
the nature o f the NWTS program, these rock mechanics studies 
must f u l f i l l  several  requirements;

.The studies should provide te c h n ic a l l y  sound, h ig h -q u a l i t y  
data.

.S tudies conducted by Ind iv idua l  groups should be usable 
by o the r  researchers and be e as i ly  In tegrated In to  the over- 
a l 1 NWTS program.

.The studies should s a t i s f y  the data defendabi11t y , pre­
se rva t ion ,  and r e t r l e v a b i 11ty  requirements o f the NWTS 
prggram.

To s a t i s f y  these requirements, standardized rock mechanics te s t  
procedures are necessary. Standard procedures are In e x i s t ­
ence fo r  only a few f i e l d  and In s i tu  t e s t s ,  however. Most 
te s t in g  of t h i s  type Is  s ta te  of the a r t ,  and methods vary con­
s iderab ly  between organ iza t ions.  Therefore, a set o f  standard 
procedures 1ncorporat lng the s ta te  of the a r t  of  rock te s t in g  
and or ien ted  toward the NWTS program requirements was commissioned 
by the O f f i c e  of Nuclear Waste I s o la t io n  (QNWI). This te s t in g  
manual Is  the re su l t  o f  tha t  e f f o r t .

The manual was prepared by Foundation Sciences, I n c . ,  Port land, 
Oregon. Accepted standards and procedures, p a r t l c u l - i r l y  American 
Society f o r  Test ing and Mater ia ls  (ASTM) and In te rna t iona l  So­
c ie t y  f o r  Rock Mechanics (ISRM), are Incorporated wherever pos­
s ib le .  Where these are lack ing ,  the procedures are based on 
the s t a t e - o f - t h e - a r t  techniques used by research labo ra to r ies ,  
u n i v e r s i t i e s ,  and the geotechnlcal Industry .  This manual should 
be considered a l i v i n g  document. I t  was the In ten t ion  of the 
authors th a t  changes In technology and methodology could be 
Incorporated In to  these procedures whi le maintaining the general 
In te n t  and level  of q u a l i t y .

1.2 Purposes o f the manual.

1.2.1 To provide a standard approach fo r  conducting t e s t s . The 
method of te s t in g  can have a s i g n i f i c a n t  e f fe c t  on the data gener­
ated by the te s t .  A major purpose of these procedures Is to 
describe In general terms a standard approach fo r  measuring spe­
c i f i c  rock p roper t ies  and In s i t u  cond i t ions.  These procedures 
are as f l e x i b l e  as possible whi le  es tab l ish ing  common ground fo r  
comparison and eva luat ion of re su l t s .



1.2.2 To e s ta b l ish  performance requirements fo r  apparatus. Two 
important areas in  rock mechanics te s t in g  tha t  have not received 
s u f f i c i e n t  emphasis in  s t a t e - o f - t h e - a r t  te s t in g  programs are the 
level o f accuracy fo r  measurement o f  te s t  parameters and the 
e f fe c t  o f  physical measurement e r ro rs  on the q u a l i t y  o f  the f i n a l  
data. A primary purpose o f these procedures is  to es tab l ish  per­
formance c r i t e r i a  f o r  a l l  re levant equipment and ins t rumenta t ion ,  
in  order  to  provide high q u a l i t y  data consis tent w ith  repos i to ry  
s i t e  ch a ra c te r iza t io n  requirements. Another purpose o f these pro­
cedures i s  to i d e n t i f y  and minimize the l im i t a t i o n s  placed on the 
re s u l t in g  data by u n ce r ta in t ie s  due to  measurement system e r ro r  
and sample v a r i a b i l i t y .  The in te n t  is  to  provide the person using 
the data w i th  an idea of how good the data r e a l l y  are.

1.2.3 To e s ta b l i sh  Qua l i t y  Assurance acceptance c r i t e r i a  and 
checkpoin ts . The re su l ts  o f  rock mechanics te s t in g  in  the NWTS 
program must be defendable, t raceab le ,  and recoverable. These 
are r e s p o n s ib i l i t i e s  o f  a Qua l i ty  Assurance program. The pro­
cedures in  t h i s  manual i d e n t i f y  the re levant areas o f  q u a l i f i ­
ca t io n ,  v e r i f i c a t i o n ,  inspec t ion ,  and documentation so th a t  each 
t e s t  can success fu l ly  f u l f i l l  Qua l i ty  Assurance requirements.

1.2.4 To de f ine  repor t ing  requirements. The p o te n t i a l l y  wide­
spread a p p l i c a t io n  of the resu l ts  o f the te s t in g  programs requires 
tha t  reports  be complete, understandable, and usable to workers 
who may o r  may not have a background in  rock mechanics. The pro­
cedures in  t h i s  manual emphasize repor t ing  requirements in order 
to produce a document which can stand alone and be c o r re c t l y
appl i  ed.

1.3 L im i ta t io n s  o f  the manual.

1.3.1 Data i n te r p re ta t io n  and a p p l i c a t io n . The procedures in t h i s  
manual are designed to  produce usable data. The in te rp re ta t io n  
and a p p l i c a t io n  of these data depend on the nature o f the p ro jec t  
and are h ig h ly  s i t e  s p e c i f i c .  More im po r tan t ly ,  i n te rp re ta t io n  
and a p p l i c a t io n  are in par t  c rea t ive  processes which draw heavi ly  
on the experience, judgment, and c a p a b i l i t y  o f the i n d i v id u a l ,  and 
are not amenable to  reduct ion to a standard procedure.

1.3.2 Technical e xp e r t ise . In performing te s ts  as complex and 
s i t e - s p e c i f i c  as f i e l d  and in  s i t u  t e s t i n g ,  cont ingencies w i l l  
a r ise  which are not and cannot be covered by a procedure. These 
require  an understanding o f the physical processes involved in
the t e s t ,  and of the equipment used. The procedure is  not a s u b s t i ­
tu te  f o r  technica l  knowledge and experience.

1.3.3 Equipment s p e c i f i c a t i o n s . To keep these procedures t ime ly  
and avoid hardship fo r  te s t in g  organ iza t ions,  no equipment or 
apparatus has been spec i f ied  by brand name. Equipment requ i re ­
ments have been approached through performance s p e c i f i c a t io n s ,  to 
al low workers maximum f l e x i b i l i t y .  I t  is  not the in te n t  o f  these 
procedures to r e s t r i c t  fu tu re  improvements in te s t in g  techniques 
in any way.
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2.0 Rock mechanics ch a ra c te r iza t io n  of repos i to ry  s i tes

2.1 General.

The primary technica l  requirements o f  a nuclear waste repos i to ry  
may be grouped in to  two broad categories:

. I s o l a t i o n  of the wastes from the atmosphere, from ground 
water,  and from human a c t i v i t y ,  to  prevent dangerous conta­
mina t ion ,  and

.R e t r ie v a b i1i t y , so th a t  the repos i to ry  may be operated safe ly  
and e f f i c i e n t l y .

These requirements cannot be achieved unless the underground 
openings forming the repos i to ry  are stable over long periods 
of t ime under severe s tress and temperature condi t ions. Rock 
mechanics studies provide the basic data on material  proper t ies  
necessary to design a s tab le  repos i to ry .

2.2 Purpose of rock mechanics.

In s i tu  rock mechanics studies provide basic data on the mechan­
ica l  and thermal behavior o f the candidate rock mass, as wel l  as 
determining the actual cond i t ions e x is t in g  at the candidate repo­
s i to r y  s i t e .  This in format ion is  o f  primary importance in designing 
the s ize ,  shape, spacing, and depth o f the openings, in  designing 
adequate support systems, and in  determining the al lowable t h e r ­
mal loading o f the repos i to ry .  Numerical model l ing techniques 
are c u r re n t l y  the only way o f p red ic t ing  the behavior of the 
rock mass on a large scale and over long periods o f  t ime; however, 
the re su l ts  of such studies are l im i te d  by the accuracy o f the 
input rock mechanics data.

2.3 Data requ i red .

The data required f o r  a complete rock mechanics charac ter iza t ion  
of a repos i to ry  s i t e  may be d iv ided in to  several groups. I t  is 
recognized th a t  some studies required fo r  rock mechanics charac­
t e r i z a t i o n  w i l l  also be useful  or have t h e i r  primary app l ica t ion  
in  other areas such as te c to n ic s ,  seismology, hydrology, etc.
The gu ide l ines fo r  geologic and geophysical work contained in  the 
manual are w r i t t e n  s p e c i f i c a l l y  fo r  rock mechanics uses, to ensure



th a t  the minimum required data are obtained. I f  the data can also 
be obtained from o ther  s tud ies ,  such as general s i t e  cha rac te r iza ­
t i o n ,  t h i s  i s  c l e a r l y  acceptable f o r  rock mechanics studies.

2.3.1 Geometry. The arrangement and extent in space o f the mate­
r i a l s  at the s i t e  a f fe c t s  the scope of the rock mechanics te s t in g  
program and the in t e r p r e ta t io n  of the re s u l t s .  Of p a r t i c u la r  i n ­
te re s t  are s t ru c tu ra l  features such as j o i n t s  and fa u l t s  which 
s i g n i f i c a n t l y  a f fe c t  the rock mass behavior. The s t ra t ig raphy  
and s t ru c tu re  of the s i t e  are genera l ly  determined by geologic and 
geophysical e xp lo ra t io n .  Procedures and guide l ines fo r  t h i s  
phase o f the study are contained in  Sections A and B o f t h i s  
manual.

2 .3.2 S tress . The o r ie n ta t io n  and magnitude o f the e x is t in g  
s ta te  o f s tress in  the rock mass are o f fundamental importance. 
Procedures fo r  determining the s ta te  o f s tress are contained
in Sect ion C o f  t h i s  manual.

2 .3 .3  Mechanical p ro p e r t ie s . Deformational p roper t ies  and strength 
of the rock mass w i l l  be l im i t i n g  fac to rs  in repos i to ry  design. 
Procedures to  evaluate these p roper t ies  are contained in  Sections
D and E of t h i s  manual.

2 .3 .4  F lu id  p ro p e r t ie s . Ex is t ing  f l u i d  pressures and the a b i l i ­
ty  o f  the rock mass to  d iss ipa te  induced f l u i d  pressure changes 
are important to the s t a b i l i t y  o f  the openings. Procedures fo r  
measuring these proper t ies  are contained in  Section F.

2.3.5 Thermal p ro p e r t ie s . The thermal p roper t ies  o f the rock 
mass in  s i t u  may d i f f e r  considerably from those of i n ta c t  rock 
due to  d i s c o n t i n u i t i e s  in the rock mass. These propert ies are 
p a r t i c u l a r l y  important in model l ing s tud ies .  Procedures f o r  
eva luat ing thermal p roper t ies  o f rock are contained in  Section G 
of t h i s  manual.

2 .3.6 Support system performance. The performance of support 
systems i s  necessary rock mechanics data fo r  designing the re­
pos i to ry  openings. Procedures to  measure the response o f a support 
system to  a sustained load are contained in  Section H of t h i s  
manual.

3.0 Er ro r  in  physical measurements

3.1 D e f i n i t i o n  of terms.

3.1.1 Accuracy - the dev ia t ion  o f  the measurement from the " t ru e "  
value of the parameter being measured. For example, a pressure 
gage th a t  reads 102 psi (0.703 MPa) at a known pressure of 100 psi 
(0.689 MPa) has an accuracy o f  2% at tha t  po in t .

3.1.2 Prec is ion - the a b i l i t y  to reproduce a ce r ta in  measurement, 
regardless of the accuracy. For example, i f  the pressure gage
of Section 3.1.1 i s  read f i v e  times and the readings are 102,
101, 102, 102, and 101 psi (0.703, 0.697, 0.703, 0.703, 0.697 MPa), 
the p rec is ion  is  1% o f  the measured value.



3.1.3 Resolut ion - the smal lest measurement in te rva l  which an 
instrument i s  capable o f reading. For example, i f  the smallest 
graduat ions on a pressure gage are at 10 psi (0.07 MPa) i n t e r ­
va ls ,  i t  i s  possib le  to in te rp o la te  to the nearest 1 psi (0.007 
MPa), thus g iv ing  a reso lu t ion  of 1 psi (0.007 MPa).

3.1.4 S e n s i t i v i t y  -  the r a t i o  o f  instrument output per change in 
the measured parameter. For example, two d i f f e r e n t  model LVDTs 
have s e n s i t i v i t i e s  of 10 V per in .  and 5 V per in .  (25.4 V per cm 
and 12.7 V per cm).

3.1.5 Systematic e r ro rs  -  reproducib le  e rrors  introduced by 
fa u l t y  equipment, c a l i b r a t i o n ,  o r  technique. For example, a 
pressure gage which reads 5% too high introduces a systematic 
e r ro r  of 5% in to  a l l  pressure readings unless t h i s  inaccuracy
is  determined by c a l i b r a t i o n  and the data are corrected. Another 
example i s  a techn ic ian  who always reads the pressure gage 100 
psi (0.689 MPa) too high because of paral lax errors  between the 
gage needle and scale. Systematic e r rors  can ser ious ly  a f fe c t  
the accuracy o f  a measurement.

3 .1 .6  Random e r ro rs  -  the f l u c t u a t i o n ‘in the measurement due to 
the f i n i t e  p rec is ion  o f the te s t  equipment. For example, the 
measurement o f a constant f low in  a permeabi l i ty  te s t  can vary 
due to  the u n ce r ta in t ie s  in the measurement o f volume and 
elapsed t ime.

3 .1 .7  Uncerta in ty  -  the combined e f fe c t  o f random erro rs  in  a 
measurement. For a s u i te  of several samples, i t  is the combined 
e f fe c t  o f random va r ia t io n s  o f the average material  p roper t ies .

3.2 Measurement■u n c e r ta in t ie s .

When f i e l d  and in  s i tu  tes ts  involve q u a n t i ta t iv e  measurements, 
each piece of data obtained from the te s t  has an uncerta in ty  
associated w i th  i t  t h a t  is  the combination o f the ind iv idua l  un­
c e r t a i n t ie s  o f the measurements required to obtain the data. A 
de ta i led  discussion o f uncer ta in ty  analysis  is h igh ly  complex 
and beyond the scope o f  t h i s  manual. The user is  referred to 
standard s t a t i s t i c s  te x ts .  However, a few concepts w i l l  be de­
f ined to  provide the background f o r  the e r ro r  analysis requ i re ­
ments in  the procedures.
The basis f o r  uncer ta in ty  estimates o f  measurements is  the standard 
theory o f  propagation o f e r ro rs .  I f  a value, y ,  is  a funct ion 
of several independent measurements;

y = f ( u , v , x . . . )  (1)

The theory o f  propagation o f e r ro rs  re la tes  the uncer ta in t ies  of 
each measurement to the uncer ta in ty  of the to ta l  measurement by:

I®
(2)



where:
= uncer ta in ty  o f  the value o f y

”  u n ce r ta in t ie s  in  measurements o f u, v, and x.

As an example, a f l a t j a c k  t e s t  is  performed and the in s i tu  modu­
lus ,  E, i s  ca lcu la ted  using:

E - K Ŷ (3)

where:
K = a constant depending on the geometry o f the f l a t ­

jack t e s t  = 7.14 in  t h i s  case 
P = pressure in  f l a t j a c k  
Y = movement o f  measuring po in ts .

The t e s t  i s  run at pressures from 0 to  2000 psi (0 to 13.79 MPa).
The deformation is  l i n e a r  and t o t a l s  0.0023 in .  (0.06 mm) a t  the
peak pressure. The fo l low ing  equipment is  used in  the te s t :

pressure gage: range: 0 to  5000 psi (0 to  34.48 MPa)
accuracy: 1% o f  f u l l  scale = 50 psi

(0.34 MPa, v e r i f i e d  by c a l i b r a t i o n )  
deformation gage -  Whittemore type

accuracy: +0.0001 in .  (0.0025 mm)
^determined by c a l i b r a t i o n )

The modulus o f .de format ion  ca lcu la ted  using Equation 3 i s  6.21 X 10^
psi (4.28 X 10 MPa). How accurate is  th a t  f igure?

To ca lcu la te  the measurement e r r o r  associated with  the modulus 
value, w^. Equation 2 i s  appl ied to  Equation 3:

7 7 72 2 ^ K̂ P*  ̂ 2
""e " ^  ""p  ̂ ^

where:
Wp = e r ro r  associated w ith  the pressure gage reading 

Wy = e r ro r  associated w ith  the deformation reading.

Evaluat ing w^ at the average pressure and deformation, thegun- 
c e r ta in t y  ^ f  the measurement i s  ca lcu la ted  to  be 0.62 X 10 psi 
(0.43 X 10 MPa). Therefore, the modulus value may be expressed:

E = 6.21 + 0.62 X 10® psi (4.28 + 0.43 X 10^ MPa)

3.3 Sources o f  e r r o r .

Measurement accuracy is  determined p r im a r i l y  by the a b i l i t y  o f the 
researcher to  contro l  systematic e r ro rs .  Precise c a l ib r a t io n  
of t e s t  equipment, adequate t r a i n in g  of te s t  personnel, contro l  of
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the te s t  environment to  the greatest extent possib le , and design 
o f  experiments with redundant systems are areas o f major impor­
tance in performing accurate te s ts .

Random e r ro rs  p r im a r i l y  r e f l e c t  the l im i t a t i o n s  o f the te s t  equip­
ment. Cer ta in  environmental fa c to rs ,  such as radio in te r fe rence  
or v i b r a t io n ,  can also in f luence measurements in  qu i te  random 
ways. Careful  experiment design and environmental con tro l  are 
the two pr imary means o f minimiz ing random e r ro rs .

4.0 Test equipment performance v e r i f i c a t i o n

4.1 D e f in i t i o n  o f terms and concepts.

4.1.1 Performance v e r i f i c a t i o n . The procedures in t h i s  manual 
spec i fy  c e r ta in  accuracies, reso lu t ions  and other  requirements 
f o r  the equipment used in  the te s ts .  Performance v e r i f i c a t i o n  
means demonstrating th a t  the equipment does indeed perform w i th in  
the requi red s p e c i f i c a t io n s .  The demonstration must be con­
ducted according to  standard, accepted, defendable procedures.
In general,  c a l i b r a t i o n  o f the equipment is  the method o f  p e r fo r ­
mance v e r i f i c a t i o n .

4.1 .2  C a l i b ra t io n . C a l ib ra t io n  means sub ject ing  a piece o f 
equipment to  a change in the parameter o f i n te re s t  by means of 
a known input and monitor ing the actual output.  The va r ia t io n  
between the input and output is  used to  ca lcu la te  the correct 
reading of a measured value in  an actual t e s t .  A l t e rn a t i v e l y ,  
the c a l i b r a t i o n  can v e r i f y  th a t  the equipment performance is 
w i th in  a ce r ta in  acceptable l i m i t  o f  e r ro r  which w i l l  be used 
when eva luat ing  the t e s t  data.

4.2 Standards.

During c a l i b r a t i o n ,  the equipment is  e f f e c t i v e l y  being measured 
against a known standard. C le a r ly ,  the accuracy of the standard 
w i l l  be the l i m i t i n g  fa c to r  in  the c a l i b ra t i o n .  The most accur­
ate standards are maintained by the U.S. Nat ional Bureau o f 
Standards (NBS).

Not a l l  equipment, o f  course, can be ca l ib ra ted  d i r e c t l y  against 
NBS standards. Most equipment is  ca l ib ra ted  against standards 
th a t  are traceab le  to  NBS standards. This means th a t  the stan­
dard was c a l ib ra te d  against another standard which was c a l i b r a ­
ted against another standard and so fo r th  u n t i l  the l a s t  standard 
is  the NBS standard. T ra c e a b i l i t y  to  NBS is  the best p rac t ica l  
way to  ensure a minimum leve l  o f  accuracy in the equipment c a l i ­
b ra t ion .

A l l  c a l i b r a t i o n  o f  equipment used in  these procedures shal l  be 
against standards t raceable to  NBS, unless otherwise stated.

4.3 Performance s p e c i f i c a t i o n s .

4.3.1 Spec i f ic  requirements. Spec i f ic  performance requirements 
f o r  equipment are l i s t e d  in  each te s t  procedure.



4.3.2 Manufacturer 's  s p e c i f i c a t io n s .  When s p e c i f i c  requirements •I
f o r  ce r ta in  equipment are not stated in  the procedures, the per­
formance s p e c i f i c a t io n s  suppl ied by the manufacturer shal l  be 
the basis f o r  performance v e r i f i c a t i o n .  This i s  p a r t i c u l a r l y  
re levant f o r  e le c t ro n ic  equipment, such as voltmeters and o s c i l l o ­
scopes. This type of equipment is  genera l ly  ca l ib ra te d  before 
i t  leaves the fa c to ry .  The manufacturer can recommend the time 
in te rv a ls  and procedures fo r  r e - c a l i b ra t io n .

4.4 E r ro r  es t imates.

As discussed in  Sect ion 3.2, the accuracy o f  a piece of equip­
ment in f luences the e r ro r  associated with  the data. The e r ro r  
c o n t r ibu t io n s  from several pieces o f  equipment in  a te s t  setup 
can be estimated by performing a propagation o f e r ro r  analys is  
on the system, s im i l a r  to  t h a t  in  Section 3.2. Not a l l  i n s t r u ­
ment u n ce r ta in t ie s  co n t r ib u te  the same amount to  the f i n a l  e r r o r ,  
and the accuracy o f  the t e s t  can often be improved by upgrading 
those pieces o f  equipment which contro l  the e r r o r ,  or by improv­
ing t h e i r  c a l i b r a t i o n .

4.5 System c a l i b r a t i o n s .

Because o f the complex nature and poss ib le  i n te ra c t io n  of e r r o r -  
producing fa c to rs  in  a t e s t  system, c a l i b r a t i o n  of the e n t i re  
system i s  pre fe rred  where possible to produce a more accurate 
e r ro r  est imate. For example, c a l i b r a t i n g  a cross-hole  seismic 
v e lo c i t y  t e s t  system in  mater ia ls  o f  known p roper t ies  is  pre­
fe rab le  to  performing a propagation of e r ro r  analys is  on i n d i ­
vidual pieces o f  e le c t ro n ic  equipment.

•I
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4.6 Spec i f ic  c a l i b r a t i o n  procedures.

(S p e c i f ic  c a l i b r a t i o n  procedures w i l l  be included at a l a t e r  date.)



5.0 S t a t i s t i c a l  methods

5.1 Rock mass v a r i a b i l i t y .

No two rock masses w i l l  give the same re su l ts  when tes ted ,  even 
i f  they are located adjacent to each o ther  in  uniform rock, be­
cause of d i f fe re nce s  in  composit ion, h i s t o r y ,  and s t ruc tu res  
such as f ra c tu re s  and pores. The re su l t s  o f te s ts  in  a s ing le  
rock mass, then, w i l l  show a range of values. When applying 
these r e s u l t s ,  the uncer ta in ty  due to t h i s  v a r i a b i l i t y  must be 
appreciated as wel l  as the measurement e r ro r  o f the ind iv idua l  
data po in ts .  To q u a n t i f y  the uncer ta in ty  due to  rock mass v a r i ­
a b i l i t y ,  the fo l low ing  s t a t i s t i c a l  methods are usefu l .

5.1.1 Average. The average, X, f o r  a group o f  data i s  ca lcu la ted  
using:

(5)

where:
N = number o f data po in ts

X̂. = ' values o f ind iv idua l  data po in ts .

For example, f l a t j a c k  te s ts  are conducted a t f i v e  locat ions in  a
te s t  a d i t  in  dolomite and the re su l t s  are 5.82, 6.24, 6.39, 5.98
and 6.15 X 10° psi (4.01, 4 .30, 4.40, 4.12 and.4.24 X 10^ MPa).
The average value i s  6.12 X 10 psi (4.22 X 10 MPa).

5.1.2 Range. The range of the data i s  expressed by the lowest and 
highest values. Thus, the range of the data in Section 5.1.1 is  
5.82 to  6.39 X 10° psi (4.01 to  4.40 X 10^ MPa).

5.1.3 Standard d e v ia t io n . The standard d e v ia t ion ,  s, f o r  group 
of data i s  a measure of the v a r ia t io n  of each data po in t from 
the average:

^ = /  W  (Xl -  (6)
N-1

In p ra c t ic e ,  s is  more e a s i l y  ca lcu la ted  from the a lg e b ra ic a l ly  
equiva lent form of Equation 6:

N

N(N-1")
6

The standard dev ia t ion  of the data in Section 5.1.1 is  0.22 X 10 
psi (0.15 X 10^ MPa).

10
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5.1.4 U nce r ta in ty . The uncer ta in ty  o f  the data is  an est imate 
of the expected values o f  more te s ts  conducted in the same rock 
mass. U ncer ta in t ies  are evaluated w ith  various degrees o f con­
fidence based on p r o b a b i l i t y  theory and on assumed d i s t r i b u t i o n  
of the data. In most rock mechanics te s t in g ,  the ind iv idua l  
data po in ts  can deviate from the average by any value because of 
the complexity o f the materia l  and the te s t  procedures. However, 
large dev ia t ions  are r e l a t i v e l y  less frequent than smaller de­
v ia t io n s .  In t h i s  case, the data i s  assumed to  have a normal 
d i s t r i b u t i o n  o f values about the average.
The uncer ta in ty  o f  the te s t  data, U, i s  ca lcu la ted by:

U = t  ^  (8)

where:
s = standard dev ia t ion  
N = number o f  te s ts
t  = conf idence c o e f f i c i e n t s  fo r  the Student 's t  d i s ­

t r i b u t i o n , *  from Table 5.1.

For the data given in  Section 5 .1 .1 ,  the number of degrees of 
freedom (N-1) i s  4. Thus, the confidence c o e f f i c i e n t  is  2.13 at 
the 95% le v e l .  Using the standard dev ia t ion .ca lcu la ted  above, 
the uncer ta in ty  i s  0.24 X 10 psi  (0.16 X 10 MPa). The average 
modulus value fo r  the sample s u i te  may then be w r i t te n :

E = 6.12 + 0.24 X 10^ psi (4.22 + 0 .1 6  X 10^ MPa)

This means th a t  i f  more te s ts  were conducted in the same rock 
mass, the average modulus values of other t e s t  su i tes would have 
a 95% p r o b a b i l i t y  o f  f a l l i n g  w i th in  the range of 5.88 to 6.36 X 
10° psi  (4.06 to  4.38 X 10^ MPa).

5.2 Group c o r r e l a t i o n .

I f  groups of te s ts  have been conducted at several locat ions w i t h ­
in  a s ing le  formation, i t  may be of in te re s t  to determine whether 
d i f fe rences  in  resu l ts  are due to  sampling uncer ta in t ies  o f  a 
s ing le  m a te r ia l ,  or whether they represent d i s t i n c t  mechanical 
va r ia t io n s  in  the rock. To compare two groups, a confidence co­
e f f i c i e n t ,  t ,  i s  ca lcu la ted  from the s t a t i s t i c s  of the groups 
using:

^ ^ _______ ^1 '  ^2______  I  ^1 ^2 ^^1 ^ ^2 “ (9)

V(^1-1)si +̂(N2-1)S2̂  V  ̂ 2̂
★
The Student 's  t  d i s t r i b u t i o n  is  s im i l a r  to the standard normal d i s ­
t r i b u t i o n ,  approaching i t  as the number of tes ts  approaches i n f i n i t y .

11



TABLE 5.1 1

Confidence C oe f f i c i  ents fo r  Student 's  t  D is t r ib u t io n

Degrees o f t . a t  confidence level
freedom (N-1) 99% 95% 90%

1 31.82 6.31 3.08
2 6.96 2.92 1.89
3 4.54 2.35 1.64
4 3.75 2.13 1.53

5 3.36 2.02 1.48
5 3.14 1.94 1.44
7 3.00 1.90 1.42
8 2.90 1.86 1.40
9 2.82 1.83 1.38

10 2.76 1.81 1.37
11 2.72 1.80 1.36
12 2.68 1.78 1.36
13 2.65 1.77 1.35
14 2.62 1.76 1.34

15 2.60 1.75 1.34
16 2.58 1.75 1.34
17 2.57 1.74 1.33
18 2.55 1.73 1.33
19 2.54 1.73 1.33

20 2.53 1.72 1.32
21 2.52 1.72 1.32
22 2.51 1.72 1.32
23 2.50 1.71 1.32
24 2.49 1.71 1.32

25 2.48 1.71 1.32
26 2.48 1.71 1.32
27 2.47 1.70 1.31
28 2.47 1.70 1.31
29 2.46 1.70 1.31

30 2.46 1.70 1.31
40 2.42 1.68 1.30
60 2.39 1.67 1.30

120 2.36 1.66 1.29
CO (normal 2.33 1.65 1.28

di s tn 'b u t io n )

1
Adapted from M i l l e r ,  I .  and Freund, J .E . ,  1965, P ro b a b i l i t y  and 
S t a t i s t i c s  fo r  Engineers, P ren t ice -H a l1 , I n c . ,  New Jersey, p. 399.
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where:_
= average value o f group 1 

= standard dev ia t ion  of group 1 

= number o f  te s ts  in group 1 

= average value of group 2 

S2  = standard dev ia t ion  of group 2 

N2  '= number o f  te s ts  in group 2.

The conf idence level f o r  the value of t  ca lcu la ted from Equation 
9 i s  found from Table 5.1. The degrees o f  freedom in  th i s  case 
are equal to  confidence level is  the proba­
b i l i t y  t h a t  the two groups o f te s ts  are s i g n i f i c a n t l y  d i f f e r e n t .

For example, modulus o f  deformation was measured in two groups 
of boreholes several thousand fee t  apart in the same rock form­
a t ion .  The fo l lo w ing  s t a t i s t i c s  are found f o r  each group:

= 4.35 X 10^ psi (2.99 X 10^ MPa)

s^ = 0.51 X 10® psi (0.35 X 10^ MPa)

= 5

^ 2  = 5.54 X 10® psi (3.82 X 10^ MPa)

S2  = 0.82 X 10® psi (0.56 X 10^ MPa)

N2  = 8

The t  value ca lcu la ted from Equation 9 is  2.89. For 11 degrees 
of freedom, the t  value at the 95% confidence level i s  1.80. 
Therefore, i t  is  more than 95% probable tha t  mater ia ls  of 
d i s t i n c t l y  d i f f e r e n t  modulus are present in the two groups o f  
boreholes.

5.3 Comparisons.

The uncer ta in ty  due to  rock mass v a r i a b i l i t y  should be compared 
to the e r r o r  of an ind iv idu a l  measurement. The rock mass v a r ia ­
b i l i t y  uncer ta in ty  should be s i g n i f i c a n t l y  la rge r  than the measure­
ment e r r o r  (a t leas t  2 to  3 t imes) to  al low comment on the rock 
mass. I f  no t ,  the te s t  system should be improved u n t i l  the 
measurement e r r o r  decreases s u f f i c i e n t l y .

6.0 Qual i t y  Assurance

6.1 Purpose.

6.1.1 Conformance to standards. The Qual i ty  Assurance program 
is  intended to  ensure th a t  the actual te s t in g  program s a t i s f i e s  
the requirements and sp e c i f i c a t io n s  establ ished in these proce­
dures. The s p e c i f ic  tasks involved in  implementing the program 
are discussed in  Sect ion 6.2.

13



6.1 .2  Documentation. Documentation i s  a key par t  of  the NWTS 
program. An e f fe c t i v e  Qual i ty  Assurance program w i l l  monitor 
p ro jec t  documentation so th a t  the fo l lo w ing  requirements are 
s a t i s f i e d .

6 .1 .2 .1  Traceabi1i t y .  The h is to ry  o f  each rock sample and 
piece o f t e s t  equipment should be completely recorded. For 
rock samples, the h is to ry  from i n i t i a l  recovery, logging, 
and storage through sh ipping, p repara t ion,  and te s t in g  
must be a va i lab le  to  v e r i f y  the i d e n t i t y  o f  the sample and 
a l low eva lua t ion  o f  the t e s t  resu l ts  in l i g h t  o f i t s  pre­
vious h is to ry .  For equipment, a h is to ry  from manufacture 
through c a l i b r a t i o n  and t e s t i n g ,  w i th  emphasis on repairs  
or m o d i f ica t io n s ,  should be a va i lab le  to  aid in  eva luat ing 
equipment performance.

6 .1 .2 .2  Defendabi1i t y .  Test program documentation should 
provide a c lea r  account of what equipment was used, how 
the t e s t  was performed, and how the resu l ts  were derived.
In t h i s  way, v e r i f i c a t i o n  tha t  the te s t  program was con­
ducted in  accordance w ith  recommended procedures and spec i ­
f i c a t i o n s  can be provided a t any t ime.

6 .1 .2 .3  Preservat ion. A complete set of'documents on the 
te s t in g  program should be preserved separately  from the 
working and repor t ing  copies, so th a t  no te s t  in format ion 
is  l o s t .

6 .1 .2 .4  R e t r ie va b i1i t y .  The documentation should be organ­
ized and stored convenient ly  so th a t  any piece may be 
e a s i l y  recovered upon request.

6.2 Primary ta sks .

6 .2 .1  Personnel p r e q u a l i f i c a t i o n . The pr imary personnel involved 
in  f i e l d  and in  s i tu  rock mechanics te s t i n g  are the Test Super­
v is o r  (or F ie ld  Engineer, e t c . )  and the Technicians. Among 
other th in gs ,  the Test Supervisor d i re c ts  the ove ra l l  f i e l d  
operat ions, se lec ts  the te s t  l oca t io n s ,  inspects the te s t  setup 
and equipment, evaluates the measurements, and t roub le  shoots where 
necessary. The Technicians assemble equipment and perform the 
t e s t .  The Qual i t y  Assurance program should es tab l ish  and v e r i f y  
q u a l i f i c a t i o n s  f o r  each type of p o s i t io n .  In general,  the Test 
Supervisor should have performed the te s t  p rev ious ly ,  be able 
to reduce the data, have a good understanding o f the theory and 
a pp l ica t ions  o f  the data obtained from the t e s t ,  and be f a m i l i a r  
w i th  the equipment used. The Technicians should understand the 
purpose o f each piece of t e s t  equipment, be able to assemble 
and operate the te s t  equipment, understand the purpose of the 
data in genera l,  and be thoroughly f a m i l i a r  w ith  the te s t  proce­
dure. The Qua l i ty  Assurance program can v e r i f y  these q u a l i f i c a ­
t io n s  by w r i t t e n  and oral  te s t in g  of candidate te s t  personnel,  
by te s t in g  the candidate 's  a b i l i t y  to assemble and operate the 
equipment, and by eva luat ing the candidate 's  background.

14
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6.2.2 Instrument c a l i b r a t i o n  c e r t i f i c a t i o n . The Qual i ty Assur- 
ance program should v e r i f y  tha t  a l l  equipment c a l ib r a t io n  and 
performance v e r i f i c a t i o n  i s  conducted according to accepted pro­
cedures and th a t  the standards are traceable to  NBS as appro­
p r ia te .  C a l ib ra t io n  c e r t i f i c a t e s  are genera l ly  issued i d e n t i ­
fy ing  the piece of equipment, the c a l i b ra t i o n  standard and i t s  
NBS t ra c e a b i1i t y , the c a l i b r a t i o n  data or re s u l t s ,  and the time 
in te rva l  f o r  which the c a l i b r a t i o n  is  acceptable. A complete 
set o f c a l i b r a t i o n  c e r t i f i c a t e s  should be maintained by Qual i ty 
Assurance personnel.

6 .2.3 Inspect ion dur ing t e s t i n g . Qual i ty  Assurance personnel 
should inspect the t e s t  setup p r io r  to  the s ta r t  o f  any new 
type of t e s t ,  and p e r io d ic a l l y  t h e re a f te r ,  to  v e r i f y  tha t  the 
cor rec t  equipment and procedure are being used. Deviat ions from 
standard procedures or equipment should be documented, j u s t i f i e d  
and approved by techn ica l  personnel before the te s t  proceeds.
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Procedure GT-A.1 

Guidel ines fo r  Presentat ion of Geologic Maps

1.0 In t roduc t ion

1.1 Object ive of the g u id e l in e s .

Several types o f geologic maps may be used in  a s i t e  charac­
t e r i z a t i o n  study, present ing d i f f e r e n t  data or in te rp re ta t io n s .  
Each map, however, must present i t s  in format ion in  a c lear  and 
complete manner. This gu ide l ine  is  intended to present consi ­
derat ions and methods f o r  preparing uniform and usable geologic 
maps.

1.2 L im i t a t io n s .

1.2.1 Data ga ther ing . This gu ide l ine  does not address methods fo r  
gathering geologic data in  the f i e l d .

1.2.2 I n te r p r e t a t i o n . This gu ide l ine  does not address i n t e r -  
p re ta t ion  of geologic  data.

1.2.3 Geohydrology. This gu ide l ine  does not apply d i r e c t l y  to  
geo-hydrologic maps, al though ce r ta in  format t ing  p r in c ip le s  may 
be appl ied.

2.0 Types of geologic maps

2.1 Areal geologic maps.

The purpose o f an areal geologic map is  to present the f i e l d  data 
and basic i n te rp re ta t io n s  concerning the surface d i s t r i b u t i o n s  
and o r ie n ta t io n s  o f  rock and a l l u v i a l  mater ial  w i th in  a given 
area.

2.2 S t ruc tu ra l  maps.

S t ruc tu ra l  maps present data and in te rp re ta t io n s  concerning the 
deformation and f r a c tu r i n g  o f the rock un i ts .  P a r t i c u la r  emphasis 
is  placed on f a u l t s  and fo ld s ,  w ith  in format ion about j o i n t  
systems, s t ru c tu ra l  contours, and other features included as 
appropri ate.

2.3 Isopach maps.

Isopach maps present an i n te rp re ta t io n  o f the thickness of i n d i ­
vidual rock formations as contour l ines  of equal thickness. The 
"depth - to "  map i s  a v a r ia t io n  of the isopach map, where the depth 
fran the ground surface to  the top of a p a r t i c u la r  formation is 
presented as a contour l in e  of equal depth.

2.4 Special purpose and in te r p r e t i v e  maps.

Special purpose maps present data and in te rp re ta t io n s  of value to 
p a r t i c u la r  phases o f the p ro je c t ,  and may include g lac ia l  deposit  
maps, seismic i n t e n s i t y  maps, ep icente r  and focal mechanism maps, 
steepness-of-s lope maps, d i s t r i b u t i o n  of ind iv idua l  outcrops, 
magnetic and g ra v i ta t io n a l  anomaly maps and so on. In te rp re t i ve  
maps present in te rp re ta t io n s  of data, and include seismic r isk  
maps, s t ress  or deformation f i e l d  maps, landsl ide r isk  maps, and 
so on.
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3.0 Choice of map size and scale

3.1 Terms and d e f i n i t i o n s .

3.1.1 Large-scale maps - maps drawn so th a t  small areas can be
shown in  f i n e  d e ta i l  and w ith  great accuracy.

3.1.2 Small-sca le maps -  maps drawn so th a t  large areas are
covered showing only general ized d e t a i l .

3 .1.3 Map size - the physical dimensions o f  the f in ished  map 
sheet.

3 .1 .4  Base map -  an e x is t in g  map, genera l ly  topographic, but 
sometimes p la n im e t r i c ,  upon which the geologic map is  drawn.

3.2 Map purpose.

The purpose o f  the map determines the type and amount of i n ­
formation th a t  must be d isplayed.  For example, an isopach map 
of a s ing le  formation may be adequately presented on a smal l-  
scale map, whi le a combined geologic and s t ru c tu ra l  map w i l l  
requ i re  a much la rg e r  scale.

3.3 Data base.

The amount of data ava i lab le  f o r  preparing the map should be 
re f le c te d  in  the scale selected. For example, a de ta i led  geo­
log ic  survey conducted w i th  1 i n . =500 f t  (25.4 mm = 152.4 m) 
f i e l d  maps cannot be shown adequately a t  a scale of 1 i n . = l  mi 
(25.4 mm = 1.61 km) w ithout  considerable genera l iza t ion .  Con­
verse ly ,  choosing too large a scale may imply th a t  more data were 
co l lec ted  than the map shows.

3.4 Size o f smal lest d e t a i l s .

Both base and geologic maps should be comfortable to read at a 
normal d is tance from the user (approximately 16 to  24 i n . ;
40 cm to  60 cm). D e ta i ls  should be at leas t  0.1 in .  (2.5 mm) 
in  size.

3.5 C la r i t y  o f  r e la t io n s h ip s .

I f  both general and de ta i led  re la t io n s h ip s  are to  be presented 
on the same map, the size and scale should be such tha t  both 
types o f re la t io n s h ip s  are c le a r l y  pe rcep t ib le .

3.6 Use of i n s e t s .

Inset maps are maps of d i f f e r e n t  scale and smal ler  size which 
are used to  c l a r i f y  another la rg e r  map p r in ted  on the same sheet. 
Insets a l low d i f f e r e n t  scale features or d i f f e r e n t  types o f maps 
to be presented toge ther ,  f o r  c l a r i t y  and ease o f use. They 
should be located in  the margins ra the r  than in  the body o f the 
main map. Insets are p a r t i c u l a r l y  useful  f o r  the fo l low ing  
types of maps.

3.6.1 Locat ion or index maps.

3 .6 .2  Deta i led maps o f s p e c i f i c  areas or  re la t io n s h ip s .

3.6.3 General ized maps. An example is  an inse t  map of major 
te c to n ic  s t ru c tu re s .
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3.6.4 Special purpose maps. Frequently,  these may be adequately 
presented a t  a smal ler scale than the main map.

3.7 Use o f d r a f t i n g  c a p a b i l i t i e s .

3.7.1 Co lo r . The use o f  co lo r  increases the contrast between 
various features and may a l low smal ler scale maps to be used.

3.7.2 Pat terns . Black and whi te  pat terns are less eas i ly  d i s ­
t inguished than co lo rs ,  but in ce r ta in  cases may al low smal ler 
scale maps to  be used.

3.8 C om p a t ib i l i t y  w i th  scale of base maps.

The scale o f the geologic map should be compatible w ith  the scale 
of the base map. This can be s a t i s f i e d  by recording the f i e l d  
data i n i t i a l l y  on a map o f la rg e r  scale, then reducing the i n f o r ­
mation gathered to  the scale of the base map.

4.0 Base maps f o r  preparat ion o f geologic maps

4.1 Purpose of base map.

The base map con t ro ls  the accurate p lo t t i n g  of geologic or other 
data. I t  should enhance the in te rp re ta t io n  of tha t  data.

4.2 Choice of base map.

4.2.1 Topographic maps.

4 .2 .1 .1  A topographic map shows the r e l i e f  of  the ground 
surface by means o f contour l ines .  I t  may also include 
some physical and c u l tu ra l  features such as vegetat ion, 
roads, e tc .

4 .2 .1 .2  Topographic maps are the preferred choice as base 
maps f o r  areal and s t ru c tu ra l  geology maps, because of the 
interdependence of s t ru c tu re ,  rock type and topography.

4 .2 .1 .3  For most medium-and large-sca le  geologic maps, 
topographic quadrangle maps prepared by the U.S. Geological 
Survey (U.S.G.S.) ,  Topographic Branch are recommended.
These maps are updated p e r io d ic a l l y ,  prepared according to 
s t r i c t  sp e c i f i c a t io n s  and re a d i l y  ava i lab le  fo r  a l l  of  the 
USA at scales of 1:1,000,000 or 1:250,000, and most of the 
USA at scales o f 1:100,000, 1:62,500 or 1:24,000. More 
de ta i led  maps are ava i lab le  fo r  many r i v e r  systems. In many 
areas, topographic maps are ava i lab le  from s ta te  and local 
governmental agencies, genera l ly  at a scale su i tab le  fo r  
la rge-sca le  geologic mapping, such as 1:1200, 1:2400, or 
1:6000.

4.2.2 P lan imetr ic  maps.

4 .2 .2 .1  P lan imetr ic  maps show only the horizonta l  pos it ions  
of natura l  or c u l t u ra l  fea tu res ;  no v e r t i c a l  r e l i e f  is 
presented.
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4 .2 .2 .2  P lan imetr ic  maps are most useful  f o r  showing s i t e  
loca t io n s ,  geologic provinces, large te c to n ic  featu res, 
and so on. P lan imetr ic  maps should be used as base maps 
fo r  areal or s t ru c tu ra l  geology only when d e ta i l s  o f topo­
graphy would d i s t r a c t  from, or  obscure, re la t io n sh ip s .

4 .2 .2 .3  P lan imetr ic  maps are a va i lab le  in  a va r ie ty  o f 
sizes and scales from s ta te  and federal agencies.

4 .2 .3  Orthophotographic maps.

4 .2 .3 .1  An or thophotographic map i s  a composite areal photo­
graph w i th  co r rec t ions  made f o r  d i s t o r t i o n s  due to  r e l i e f  
and angle of perspect ive. I t  may also include pr in ted 
contour l in e s  to  show e leva t ion .

4 .2 .3 .2  Orthophotographic maps are p r im a r i l y  useful  f o r  
f i e l d  mapping. In some instances, however, orthophoto­
graphic maps may be used as base maps f o r  areal geology or 
s t ru c tu re  where they c le a r l y  enhance the in te r p re ta t io n .

4 .2 .3 .3  A l im i te d  number of or thophotographic maps are 
a va i lab le  from the USGS.

4.2 .4  Special maps. Base maps must sometimes be sp e c ia l ly  sur­
veyed; f o r  example, f o r  very large scale topographic maps or maps 
of the rock surfaces o f  underground s t ruc tu res .  The accuracy 
requirements depend on the s ize ,  sca le , and purpose of such 
maps, but in  any case, standard and r e l i a b le  methods o f  photo-
grammetry o r  surveying should be used to  compile them.

4.3 Map base medi a.

4 .3 .1  Paper base. Paper base maps are most useful  f o r  f i e l d  work 
and preparat ion  of sm a l l -sca le ,  general ized maps. Correct ions are 
d i f f i c u l t  on paper base maps, and p r in t in g  from a paper base map
can re s u l t  in  d e ta i l  loss and scale d i s t o r t i o n .

4 .3 .2  Mylar or acetate base. Mylar or acetate base maps al low 
co r rec t ions  to be made and provide s t a b i l i t y  and accuracy during 
the p r in t i n g  process. These bases are recommended f o r  areal 
geology and s t ru c tu ra l  maps in  p a r t i c u la r .

4.4 Reducing l i n e  i n t e n s i t y .

The in fo rmat ion  on the base map should not obscure the information 
th a t  w i l l  be placed on i t .  For t h i s  reason, i t  is  necessary to 
reduce the i n te n s i t y  o f  the base map, so th a t  i t  forms a back­
ground to  data of i n t e r e s t ,  ye t  remains le g ib le .

4.4.1 Screening. The base map may be p r in ted  through a f ine  
screen to  de le te  a ce r ta in  percentage o f a l l  l ines .

4 .4 .2  Co lo r . The base map may be p r in ted  in  a d i f f e r e n t  or 
l i g h t e r  shade than the geologic in fo rmat ion .

4 .4 .3  Enlarg ing or  reducing. Base maps should not be enlarged 
more than 2X, because l i n e  weights w i l l  be too heavy even with
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screening or co lo r .  They should not be reduced by more than 
25% because o f loss o f d e t a i l .  I f  scale changes greater  than 
these are required,  the base map should be redrawn at the desired 
scale.

5.0 In formation required on geologic maps

5.1 D i r e c t l y  observed vs. in fe r re d  data.

Any geologic or geophysical data are gathered at a f i n i t e  number 
of po in ts ,  w ith  the condi t ions between those points in fe r red .  
Geologic maps should c le a r l y  d is t in g u is h  between actual data and 
in fe r re d  data, in  order to  a l low the user to  evaluate the v a l i d i t y  
o f the map and suggest a l t e r n a t i v e  in te rp re ta t io n s .

5 . 1 .1 Outcrop maps. Outcrop maps show rock outcrops tha t  were 
a c tu a l l y  examined when compil ing the geologic data. This may be 
p a r t i c u l a r l y  important in  areas o f heavy so i l  or vegetation cover.

5.1.2 S u r f i c i a l  geologic maps. S u r f i c ia l  geologic maps show 
rock or so i l  d i r e c t l y  observed a t  the ground surface.

5.1.3 Bedrock geologic maps. Bedrock maps show the geology of 
the rock surface e i t h e r  exposed or underlying unconsol idated sur­
f i c i a l  sediments. The l a t t e r  i s  in fe r red  and should be c lea r ly  
presented as such by the use of dotted l in e s .

5.1.4 Tectonic or s t ru c tu ra l  maps. Tectonic maps show s t ruc tu ra l  
features such as fo ld  axes and f a u l t  t races.  Features which are 
in fe r re d  should be c le a r l y  d is t ingu ished from features observed 
d i r e c t l y  or  through geophysical means by the use of dashed or 
dotted l in e s .  This appl ies to cross sections as wel l as areal 
maps.

5 .1 .5  Isopach and "depth to "  maps. Isopach maps show the varying 
thickness of a designated s t r a t i g ra p h ic  u n i t .  These maps general ly  
use core logs or  geophysical exp lo ra t ion  resu l ts  as the basis fo r  
drawing subsurface contours. Boreholes should be designated,
and depths along the seismic l in e s  should be c le a r ly  d is t inguished 
from in fe r re d  depths.

5.2 Rock s t r a t i g ra p h ic  ( l i t h o s t r a t i g r a p h i c )  u n i t s .

L i t h o s t r a t ig ra p h ic  u n i ts  should be used fo r  areal geologic maps. 
These u n i ts  are def ined by observable physical featu res, such 
as uniform petro logy or continuous la te ra l  ex tent,  ra ther  than 
by in fe r red  geologic h is to ry .

5.2.1 The American Commission on S t ra t ig ra ph ic  Nomenclature's 
"Code o f S t ra t ig ra p h ic  Nomenclature" shal l  be the basis fo r  
de f in ing  and naming rock u n i ts .

5.2.2 Depending on the size and scale of map, ind iv idua l  rock 
un i ts  may be grouped in to  la rg e r  1i t h o s t r a t ig ra p h ic  un i ts  fo r  
purposes o f genera l iza t ion .

5.2 .3  I f  o ther  un i ts  such as t im e -s t ra t ig ra p h ic  (rocks of a s im i ­
l a r  age forming a u n i t  regardless of pe t ro logy) ,  b io s t ra t ig ra p h ic  
(rocks conta in ing s im i la r  ecological assemblages or fo s s i ls
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regardless o f  age or p e t ro lo g y ) ,  or magnetostrat ig raphic  (rocks 
e x h ib i t i n g  s im i l a r  magnetic p rope r t ies )  are used f o r  an areal 
geologic map, they sha l l  be c le a r l y  explained and presented.

5.3 S t ruc tu ra l  geologic data .

S ig n i f i c a n t  f a u l t s  and fo lds  are genera l ly  presented on areal 
geologic maps. These should be c le a r l y  d is t ingu ished  from other 
geologic fea tures .  A t t i t u d e s  o f  beds, j o i n t s ,  f o l i a t i o n ,  e tc .  
sha l l  be shown at the loca t ions  o f  the measurement. The f o l l o w ­
ing data should be shown on a l l  s t ru c tu ra l  maps.

5.3.1 O r ie n ta t ion  o f  s t ru c tu ra l  data . The measured a t t i t u d e s  
of s t ra ta  and contacts should be c le a r l y  presented.

5.3.2 Locat ion of f a u l t s . The loca t ion  and o r ie n ta t io n  o f  ob-
served f a u l t s ,  shear zones, e tc .  should be shown.

5.3.3 Evidence of motion. Geomorphologic features inc lud ing  
o f f s e t  of s t r a ta ,  a t t i t u d e  of s l ickens ides ,  and other  f i e l d  e v i ­
dence of the magnitude and sense o f  f a u l t  displacement,  such as 
h i s t o r i c a l  data, should be presented on the map.

5 .3 .4  In fe r red  s t ru c tu ra l  data .

5 .3 .4 .1  Fold axes and f a u l t  t races. Fold axes and in fe r re d  
f a u l t  t races should be presented in  such a way th a t  they are 
d i s t i n c t  from d i r e c t l y  observed featu res. Dashed l in e s  fo r  
uncer ta in  f a u l t  t races and dotted l ines  fo r  traces beneath
s u r f i c i a l  deposits are standard.

5 .3 .4 .2  S t ruc tu ra l  contours. In fe r red  s t ru c tu ra l  contours 
should be c le a r l y  d is t ingu ished  from observed features.

5.4 Cross sec t ions .

Cross sect ions may o f ten  c l a r i f y  areal geologic or  s t ru c tu ra l  
maps and are presented in  conjunct ion w ith  them.

5.4.1 Scale. Exaggerated v e r t i c a l  scale should be avoided in  geo­
log ic  cross sect ions as f a r  as poss ib le ,  w ith  the except ion of 
wel l  logs or  de ta i led  l i t h o lo g y .

5 .4 .2  L ines. A l l  contacts and f a u l t s  in  cross sect ions should 
be shown on so l id  l i n e s ,  which may be queried to  ind ica te  un­
c e r ta in t y .  I f  a f a u l t  or contact is  pro jected above the surface 
to  show s t r u c tu re ,  i t  should be drawn as a dashed l in e .

5.5 Isopach and "depth to "  maps.

5.5.1 Points o f known th ickness . Locat ions o f  actual th ickness 
measurements should be c le a r l y  shown, along w ith  the method o f 
measurement, and the thickness i t s e l f .

5 .5 .2  I n t e r p r e ta t i o n . Thickness contours should be c le a r l y  d i s -  
t ingu ishab le  from other types o f  contours.

6.0 Geologic map format
6.1 Legend.

6.1.1 Authorship and t i t l e . The t i t l e  o f the map and the names of
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those involved in  compil ing i t  sha l l  be placed in  the map margin, 
p re fe rab ly  the lower center.

6 .1 .2  Date. The date o f  the o r ig in a l  compila t ion of the map, 
dates of re v is io n s ,  and date o f current p r in t in g s  shal l  be l i s t e d .
The dates o f  the base maps used sha l l  also be l i s t e d .

6.1.3 Cred i ts  and acknowledgments. The sources o f information 
used in  the map compila t ion  shal l  be l i s t e d .  For areal geology 
or  s t ru c tu re ,  an inse t  map may be des irab le .

6.1.4 Map sca le . The scale shal l  be presented g raph ica l ly  in 
both Engl ish and metr ic  u n i t s ,  and stated numer ica l ly ,  e.g.
"Scale 1:250,000".

6.1 .5  Explanat ion o f symbols. Each symbol used on the map shal l  
be f u l l y  de f i  ned.

6.1.6 S t ra t ig ra p h ic  u n i t s . On areal geologic maps, the s t r a t i  graphic 
u n i ts  sha l l  be l i s t e d  ch rono log ica l ly  in  the r ight-hand margin,
w ith  youngest un i ts  at the top. Rocks o f d i f f e r e n t  o r ig in s ,  
such as sedimentation o r  i n t r u s io n ,  sha l l  be placed in p a ra l le l  
columns. The p a t te rn ,  c o lo r ,  and abbrev iat ion fo r  each u n i t  used 
on the map sha l l  be presented in  a box. The name, age, or other 
desc r ip t ion  o f the u n i t  sha l l  be l i s t e d  to r i g h t  o f the box. Time 
un i ts  may be displayed g ra ph ica l ly  to  the l e f t  of  the column of 
boxes.

6.2 Margins.

6.2.1 Longitude and l a t i t u d e . Geologic maps shal l  have the long­
i tude and l a t i t u d e  marked at regular  in te rva ls  on the border of 
the mapped area.

6.2 .2  UTM coord ina tes . The Universal Transverse Mercator coor­
dinates sha l l  be marked at regu la r  in te rv a ls  on the border of 
the mapped area. I f  a local system of east ings and northings 
i s  used, i t  sha l l  be referenced to  the UTM system.

6.2.3 North. As a general r u le ,  t rue north shal l  be at the top 
of the map. The d i re c t io n s  of both true and magnetic north shal l  
be shown by arrows in the margin.

6 .2 .4  Land survey boundaries. Section and township boundaries 
shal l  be shown and township and range numbers shal l  be marked at 
regular  in te rv a ls  on the border of the mapped area.

6.3 Li ne weights .

Unscreened l in e s  sha l l  be at leas t  0.01 in .  (0.25 mm) wide, and 
screened l in e s  shal l  be at leas t  0.02 in .  (0.4 mm) wide.

6.4 Symbols.

6.4.1 S t r u c t u r a l . Standard s t ru c tu ra l  symbols fo r  use on maps 
are l i s t e d  in  Appendix GT-A.1-1.

6.4.2 S t r a t i g r a p h ic . S t ra t ig ra p h ic  symbols are general ly used on 
cross sect ions or l i t h i c  logs; they need not be used on areal 
geologic maps. A l i s t  of  standard symbols is  given in Table 6.1.
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Table 6.1 

Standard L i t h i c  Symbols

• s

S EDIM ENTARY ROCKS METAMORPHIC ROCKS

BRECCIA

vT

CONGLOMERATE M A S S IV E  SANDSTONE, 
COARSE-GRAINED

M A SSIVE SANDSTONE BEDDED SANDSTONE 
FINE-G RAINED

SILTSTCNE

O IL  SHALE

DOLOM ITE

MUDSTONE OR 
CLAYSTONE

CARBONACEOUS SHALE  
W ITH  COAL BED

GYPSUM

CROSS-BEDDED
SANDSTONE

SHALE

\z r r : \

LIM ESTONE

SALT

SLATE

GNEISS

SOAPSTONE,TALC 
S ER PENTIN E

- 4- -t- 4- -
MARBLE

IGNEOUS ROCKS

TUFF AND 
TUFF-BRECCIA

INTRUSIVE

-h 4- +  
+  -h

EXTRUSIVE

BASIC LAVA FLOWS

SCHIST

QUARTZITE

T A . ’ZTAT A  A  A  A
A  A  A  A

CHERT CHALK OR 
CALCAREOUS

•I
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6.5 Colors.

6 .5.1 Lines and symbols. The co lo r  convention fo r  l ines  and sym- 
bols i s  given in  tab le  6.2.

6.5 .2  Rock u n i t s . While a standard co lo r  scheme fo r  rock un i ts  
has not ye t  been adopted, several conventions do e x is t .  These 
have been incorporated in to  the suggested co lo r  scheme shown
in  Table 6.3. Whatever co lo r  scheme is  used, i t  should provide 
enough con t ras t  between adjacent rock un i ts  to make the geology 
c le a r l y  v i s i b l e ,  ye t  not be so intense as to o b l i t e r a te  de ta i l  
or  base map in fo rmat ion .

6.6 Abbrev ia t ions .

On areal geologic maps, the formation names are abbreviated.
The f i r s t  l e t t e r  in the abbrev ia t ion  is  ca p i ta l ized  (with the 
except ion o f  Precambrian u n i t s )  and designates the rock system to 
which the formation belongs. Standard system symbols are given 
in  Table 6.4. The next l e t t e r s  in  the abbrev ia t ion are lower 
case and abbrevia te the formation name or rock type. Rock u n i t  
abbrev iat ions sha l l  be at leas t  two but no more than four l e t t e r s  
1 ong.

7.0 Qua l i t y  Assurance

7.1 Consistency o f  map, legend.

Qua l i ty  Assurance personnel sha l l  review the map and legend to  
ensure th a t  a l l  symbols used on the map are explained and tha t  
the legend does not conta in any superfluous symbols.

7.2 Accuracy o f  sca le .

Qua l i ty  Assurance personnel sha l l  v e r i f y  tha t  the map scales are 
accurate, by comparing scaled distances with known distances 
measured from longitude and l a t i t u d e ,  UTM, or other coordinate 
systems shown on the map.

7.3 Conformance and completeness.

Qua l i ty  Assurance personnel sha l l  review the map in a general way 
to ensure th a t  i t  is  complete and conforms with the guidel ines 
establ ished in  t h i s  procedure.

8.0 References

8.1 Compton, R.R. , 1962, Manual o f F ie ld  Geology, John Wiley 
and Sons, I n c . ,  New York.

8.2 Geological Society Engineering Group Working Party, 1972,
"mTe Preparat ion of Maps and Plans in Terms of Engineering 
Geology", Q.J. Eng. Geol. ,
8.3 Lahee, F.H. , 1961, F ie ld  Geology, McGraw-Hill Book Co., In c . ,  
New York.

8.4 U.S. Geological Survey, 1978, Suggestions to Authors of the 
Reports o f the United States Geological Survey, Washington, D.C.
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Table 6.2^

Standard Colors f o r  Lines and Symbols

Feature

Contour l ines

Geologic contacts , 
symbols, and abbrev iat ions

Faul ts

Surface water

Geophysical or 
geochemical features

Mineral veins and ore bodies

Works o f man

Color

Gray or Brown 

B1 ack

Black or Red 

B1 ue

Orange 

Yel1ow

Gray or Brown

1Geological Society Engineering Group Working Party ,  1972, (see 
Ref. 8 .2 ) .
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Table 6.3

Suggested Color Scheme fo r  Rock Units

System or Era 

Quaternary 

Te r t  i a ry 

Mesozoic 

Paleozoic 

Precambri an

Col or 

Yel 1ows 

Oranges, Reds 

Greens 

B1 ues

Grays, Browns

A. 1-11



Table 6.4^

Standard Rock System Abbrev ia t ions

1U.S.G.S.,  1978 (see Ref. 8.4)

System Abbrevi

Quaternary Q

T e r t i a r y T

Cretaceous K

Jurass ic J

T r ia s s ic ■R

Permi an P

Pennsylvani an P

Miss iss ipp ian M

Devonian D

S i lu r ia n S

Ordovician 0

Cambri an ■c

Precambri an pc
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Appendix GT-A.1-1 ^
Standard S t ruc tu ra l  Symbols'

Contact, showing dip

Contact, vertical ( le ft)  and overturned

3 --------------------------------- Contact, located approximately ( give Limits)

4 ------------

 .......

6 .........

7— ^

Contact, located \e ry  approximately 

Gradational contact ( a new symbol) 

Contact, projected beneath mapped units 

Fault, showing dips

Fault, located approximately (give limits) 

Fault, existence uncertain

0   Fault, projected beneath mapped units

8 — 7— ----------- 7 —

9 

0 •

21

22

4- -f-

2 3  H

24 — V .90
■ r ^

Possible fault ( as located from aerial photographs)

Fault, showing trend and plunge of linear features ( D,  down- 
thrown side; U, upthrown side)

Fault, showing relative horizontal movement 

Thrust faults; T  or sawteeth in upper plate

Fault zones, showing average dips

Normal fault; hachures on downthrown side

Anticline ( to p )  and syncline, show ing trace of axial plane 
and p lunge  of axis; dashed  where located approxim ately

^Anticline, existence uncertain

Anticline, projected beneath mapped units

Asymmetric anticline; steeper limb to south

- f^  O vertu rned  anticline ( to p )  and syncline, showing trend and
plunge of axis

Overturned anticline, showing dip of axial plane 

Doubly plunging anticline, showing culmination 

Vertically plunging antichne

 ̂ Compton, R.R., 1962 (see Ref. 8.1)
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25 ■* Inverted (synform al) anticline

2 6 ------------{ Monocline or flexure in homocline

27 3 ► C » Axial trend of small anticline ( le f t )  and syncline

2 8  ^  ^  ^  Axial trend of folds that are too small to plot individually;
patterns show general shapes of folds in profile

29 -2? Strike and dip of bedding

30 Strike and dip of overturned bedding

30 Strike and dip of bedding where tops of beds are shown by
primary features

32 -|2? Strike of vertical bedding; stratigraphic tops to north

31

33 ®  Horizontal bedding

34 Undulatory or crumpled beds

35 Strike and dip of bedding, uncertain

36 JL Strike of bedding certain but dips uncertain

37 -o -  '— ■ Strike and dip of foliations

38 — . Strike of vertical foliations

39 Horizontal foliations

40 -w _  1 Strike and dip where bedding parallels foliation

41 _ _ Strike and dip of joints ( le f t )  and veins or dikes

42 _ _ Strike of vertical joints (le ft)  and veins or dikes

43 -<t>- - f -  "<5̂  -<}>- Horizontal joints ( le ft) and veins or dikes

4 4  ................Trace ( le f t )  and mapped shape of ore vein

45
Body of high-grade ore, with stipples showing wall-rock 
alteration

46 Body of low-grade ore
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—fio  Trend and plunge of lineation

Vertical lineation 

^ Trend of horizontal lineation

50 Trend of intersection of cleavage and bedding

51 ^  Trends of intersections of two cleavages

52 Trends of pebble, mineral, etc., lineations

55 * ’  Trends of lineations lying in planes of foliations

54 Trends of horizontal lineations lying in planes of foliations

55 - 2̂? Vertical lineation and foliation

ACCESSO RY SYMBOLS FOR SMALL-SCALE M APS

56 o o- Shafts, vertical ( le ft)  and inclined

57 ’ ^  Adits, open ( le ft) and inaccessible

58 >—< X Trench ( le f t )  and prospect

59 Mine, quarry, or glory hole

60 -A Sand, gravel, or clay pit

61 •  aJj- Oil well ( le ft ) and gas well

62 ^ W ell drilled for oil or gas, dry

63 ® Wells w ith shows of oil ( le f t )  and gas

64 -O- Oil or gas well, abandoned ( le ft ) and shut in

65 •  0  t  W ater wells; flowing ( le f t ) ,  nonflowing, and dry (righ t)

67<=> X=> O

68

ACCESSO RY SYMBOLS FOR LARGE-SCALE M APS (p lo tte d  to scale) 

Glor>' hole, open pit, or quarry

T rench (.le ft), open cut, and  pit (rig h t)

Portal of tunnel or adit, th a t on right w ith  open cut
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D u m p , s h o w in g  tra c k

70 B  ©  Shafts at surface, vertical ( le ft) and inclined

71 X  S i Shaft extending through a level ( le ft), and bottom of shaft

7 2  IncUned shaft, with chesrons pointing down

73 0  K  Raise or winze, head ( le ft) and foot

74 S I Raise or winze extending through a level

_Q _______ I____ Level working, showing ore chute ( le f t )  and inaccessible
I area

76 ~ ~ ~ ~ Lagging or cribbing along working, with filled area to right

D rill holes, horizontal ( le ft) and inclined at 30° ( showing 
v) I horizontal projection of end of hole)

I
77
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Procedure GT-A.2 

Guidel ines fo r  Rock Core D r i l l i n g

1.0 Background

1.1 Scope.

1.1.1 Object ives o f  rock core d r i l l i n g .

1 .1 .1 .1  Core recovery. The primary ob jec t ive  of core 
d r i l l i n g  i s  recovery o f  rock core samples. These samples 
provide in fo rmat ion  about the composition and s t ruc tu re  
of mater ia ls  at depth, and are usual ly  the raw material  
f o r  the labora to ry  te s t in g  program. 100% core recovery
i s des i rab le .

1 .1 .1 .2  D r i l l i n g  c h a ra c te r i s t ie s .  A secondary ob jec t ive  
i s  to  observe the d r i l l i n g  ch a ra c te r is t ie s  o f the various 
rock formations. The d r i l l i n g  ch a ra c te r is t i c s  are re­
la ted in  par t  to the mechanical p roper t ies  and s t ruc tu re  
of the rock, and are a p a r t i c u l a r l y  important source of 
in fonna t ion  i f  complete core recovery cannot be achieved.

1.1.2 Object ive of t h i s  g u id e l in e . This gu ide l ine establ ishes 
general ized requirements and procedures fo r  f u l f i l l i n g  the 
ob jec t ives o f rock core d r i l l i n g .  The procedure is  w r i t te n  fo r  
d r i l l i n g  from the ground surface, but the same p r inc ip les
may be adapted to  underground exp lo ra to ry  d r i l l i n g .

1.1.3 L im i ta t io n s  of t h i s  g u id e l in e . This gu ide l ine does not 
cover d r i l l i n g  and sampling in  s o i l s  or unconsol idated sediments,

1.2 General d e sc r ip t ion  o f core d r i l l i n g .

In rock core d r i l l i n g ,  a b i t  w i th  c u t t in g  surfaces made of 
i n d u s t r ia l  grade diamonds or  carbide mater ia ls  is  rotated and 
simultaneously th ru s t  against the rock. An annulus of material  
i s  abraded away. The remaining centra l  po r t ion  forms a r ig h t  
c i r c u l a r  c y l in d e r ,  which moves in to  the hol low space behind 
the d r i l l  b i t  ( the core b a r r e l ) as the b i t  is  advanced. The 
core barre l  i s  p e r io d ic a l l y  brought to the surface and emptied 
to obta in the rock core. During d r i l l i n g ,  water or d r i l l i n g  
mud is  cont inuously pumped over the b i t  to cool the b i t  and 
remove abraded material  ( c u t t i n g s ) .

1.3 References.

1.3.1 ASTM Test Designat ion D2113-70, 1981, "Standard Method 
fo r  Diamond Core D r i l l i n g  fo r  S i te  In v e s t ig a t io n , "  Annual Book 
of ASTM Standards, Part 19.

1.3.2 Hvorslov, M .J . ,  1949, Subsurface Explorat ion and Sampling 
of So i ls  f o r  C iv i l  Engineer ing Purposes, ASCE Committee on 
Sampling and Test ing, Soi l  Mechanics and Foundation D iv is ion ,  
Waterways Experiment S ta t io n ,  Vicksburg, M iss iss ipp i .
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1.3.3 ISRM Commission on Recommendations on S i te  Inves t iga t ion  
Techniques, 1975, Recommendations on S i te  Inves t iga t ion  Techniques.

1.3.4 Winterkorn, H.F. and Fang, H.Y.,  1975, Foundation Engin- • 
eering Handbook, Van Nostrand Reinholdt Co., New York.

2.0 P rerequ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

The personnel in  a core d r i l l i n g  program can be grouped in to  two 
major ca tegories . The d r i l l e r  and his  crew, o ften subcontracted, 
are responsible  fo r  primary se lec t ion  o f  d r i l l i n g  equipment and 
techniques, and fo r  performing the actual d r i l l i n g .  The F ie ld  
Superv isor and Technicians are responsible  fo r  informing the 
d r i l l e r  o f  the borehole loca t ions  and o r i e n ta t i o n s , receiv ing 
the recovered core, and inspect ing  and evaluat ing the d r i l l i n g  
program on s i t e .  In p ra c t ic e ,  d r i l l i n g  decisions o ften  draw 
upon the combined experience and techn ica l  knowledge o f  both 
groups.

2.1.1 D r i l l i n g  personnel. D r i l l i n g  personnel should be ex­
perienced in  rock core d r i l l i n g  and should be f a m i l i a r  w ith  
the equipment required f o r  the an t ic ipa ted  d r i l l i n g  cond i t ions.
Previous d r i l l i n g  experience in  s im i l a r  mater ia ls  is  des i rab le .

2.1.2 F ie ld  personnel. F ie ld  Supervisors and Technicians shal l  
be fo rm a l ly  p re q u a l i f ie d  under the Qua l i t y  Assurance procedures 
establ ished as par t  o f  the ove ra l l  t e s t in g  program.

2.2 Exp lora t ion  program es tab l ished .

2.2.1 Borehole requirements. The number, loca t ions ,  depths, and 
o r ie n ta t io n s  o f  the exp lo ra to ry  boreholes should be determined as 
f a r  as poss ib le  p r i o r  to  the s t a r t  o f  d r i l l i n g .  These fac to rs  
depend on the ob jec t ive  o f  the program (e .g . ,  general exp lo ra t ion  
or  i n v e s t ig a t io n  o f a s p e c i f i c  f e a tu re ) ,  on previous d r i l l i n g  in  
the area, and on in fo rmat ion  a va i la b le  from other sources such as 
surface geologic mapping, geophysical e xp lo ra t io n ,  or remote 
sensing. The d r i l l i n g  program should be s u f f i c i e n t l y  f l e x i b l e  to 
a l low changes as the actual subsurface condi t ions are revealed.

2.2.2 Test ing requirements. ,

2 .2 .2 .1  The rock core w i l l  o f ten be used fo r  laboratory 
t e s t i n g ,  and the lab te s t in g  diameter requirements w i l l  
in f luence  the d r i l l i n g  program.

2 .2 .2 .2  Completed boreholes may be used f o r  geophysical 
or hydro log ica l  te s t in g  at a l a t e r  date. Borehole size 
should be compatible w ith  an t ic ipa ted  equipment requ i re ­
ments.

2.3 Equipment cond i t ion  and performance v e r i f i e d .

D r i l l i n g  and sampling equipment shal l  be complete and in  good 
working order.  I t  sha l l  be v e r i f i e d  th a t  measurement devices,
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such as pressure gages and RPM counters, are funct ion ing  in 
conformance w i th  the manufacturer 's  sp e c i f ica t io n s .  Performance 
v e r i f i c a t i o n  is  genera l ly  done by c a l i b ra t i n g  the equipment 
and measurement systems. C a l ib ra t io n  and documentation shal l  
be accomplished according to  standard Qual i ty  Assurance procedures.

3.0 Equipment

3.1 D r i l l .

A ro ta ry  d r i l l i n g  machine equipped with  gages fo r  measuring 
th ru s t  and RPM sha l l  be used. Hydraul ic feed is  recommended, 
but mechanical types are acceptable. The machine's capacity 
sha l l  be s u f f i c i e n t  f o r  d r i l l i n g  smoothly and rap id ly  through 
the rock formations encountered, in  order to produce even- 
diameter,  h ig h -q u a l i t y  rock core.

3.2 D r i l l i n g  f l u i d  system.

The d r i l l i n g  f l u i d  system shal l  be designed to  s a t i s f a c t o r i l y  
cool the d r i l l  b i t  and remove cu t t in g s .  I f  poss ib le, c lea r  
water sha l l  be used as a d r i l l i n g  f l u i d .  In s a l t ,  a saturated 
br ine so lu t io n  shal l  be used. In weak m ate r ia ls ,  d r i l l i n g  
mud may be required to  keep the hole open. Long-term uses o f 
the borehole sha l l  be considered in se lec t ing  a d r i l l i n g  
f l u i d .  For example, permeab i l i ty  measurements are s i g n i f i c a n t l y  
a f fec ted by residual mud on the borehole w a l l ,  groundwater 
samples may be contaminated by the d r i l l i n g  f l u i d ,  and e le c t r i c  
wel l  logging can be a f fec ted by the e le c t r i c a l  p ropert ies of 
the f l u i d .  I f  d r i l l i n g  mud is  used, an instrument fo r  measuring 
v i s c o s i t y ,  such as a Marsh funne l,  sha l l  be ava i lab le .

3.3 Core b a r re l s .

A double-tube, sw ive l - type ,  X-design core barrel  shal l  be the 
basic sampling t o o l .  In weaker m a te r ia ls ,  an M-design barrel  
(the inner  tube extends in to  the core b i t )  or a t r i p l e  tube 
barrel  may be requi red. Single tube barre ls  shal l  not be used. 
W ire l ine  equipment is  acceptable.

3.4 B i t s .

D r i l l  b i t s  w i th  diamond c u t t in g  surfaces are general ly  used, 
although carbide b i t s  may be s a t i s fa c to ry  fo r  so f t  formations. 
Surface-set or impregnated diamond b i t s  are acceptable. The 
b i t  manufacturer genera l ly  designs the b i t ,  the design depending 
on the other  d r i l l i n g  equipment and the hardness and abrasiveness 
of the rock formations to  be d r i l l e d .

3.5 D r i l l  rods, casing, and o ther  equipment.

D r i l l  rods and connectors, casing, and other equipment shal l  be 
designed to maximize the e f fec t iveness  of the core ba r re l .
Standard sizes as defined by the Diamond C o re ,D r i l l  Manufacturer ‘ s 
Associat ion (DCDMA) are recommended.
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4.0 Procedures

4.1 Overburden casing.

Any sect ion of the borehole which penetrates the overburden 
shal l  be cased to  prevent entrance of loose mater ia ls  in to  
the hole o r  loss o f  d r i l l  f l u i d .  The casing sha l l  extend at 
leas t  5 f t  (1.5 mm) in to  the top o f rock. Rock i s  defined 
here as mater ia l  o f  s u f f i c i e n t  strength th a t  core d r i l l i n g  
is  required f o r  sampling.

4.2 Normal opera t ions .

Rock core sha l l  be recovered cont inuously in  the borehole.
I f  recovery drops below 100%, d r i l l i n g  procedures shal l  be 
modif ied or  d i f f e r e n t  types o f  core bar re ls  used u n t i l  100% 
recovery i s  achieved, or u n t i l  no improvements can be made in 
the equipment. Mechanical breaks in  the core sha l l  be m in i ­
mized in  the same way.

4.3 Data requirements.

4.3.1 D r i l l i n g  c h a r a c t e r i s t i e s . The d r i l l e r  or technic ian 
shal l  p e r io d i c a l l y  measure and record the d r i l l i n g  charac ter­
i s t i c s .  I t  i s  p a r t i c u l a r l y  important to  measure these data
when a d i f f e r e n t  rock formation or f rac tu red  zone is  encountered; 
t h i s  is  genera l ly  evidenced by an abrupt change in the pene­
t r a t i o n  ra te .  D r i l l i n g  c h a ra c te r i s t i c s  include:

4 .3 .1 .1  Thrust on b i t .

4 .3 .1 .2  Speed o f  r o ta t io n .

4 .3 .1 .3  Penetrat ion ra te .

4 .3 .1 .4  V iscos i ty  o f d r i l l i n g  mud ( i f  used).

4 .3 .1 .5  Color and tex tu re  o f c u t t i n g s .

4 .3 .2  Depth and leng th . The d r i l l e r  sha l l  be responsible 
f o r  measuring the depth of the boring and the length of the 
core run to  an accuracy of _+0.1 f t  (j+0.03 m).

4.4 Abnormal co n d i t io n s .

4.4 .1  B i t  blockage. B i t  blockage is  caused by breaking and 
wedging o f the core in  the inner  barrel  and is  ind icated by 
an abrupt drop in  the penetra t ion rate to  nearly zero. The 
d r i l l e r  sha l l  cease d r i l l i n g  when blockage occurs and remove 
the core. Procedure or equipment changes may be necessary to  
correc t  the s i t u a t i o n .

4 .4 .2  Rod whip and v i b r a t i o n . D r i l l  rod whip or  v ib ra t io n  
can occur when d r i l l i n g  in excessively frac tu red  rocks. The 
d r i l l e r  sha l l  minimize or e l im ina te  these motions, genera l ly
by changing the t h r u s t  or ra te  of r o ta t i o n ,  in  order to preserve 
the sample q u a l i t y .
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4.4.3 D r i l l i n g  f l u i d  loss or ga in . Loss or gain of d r i l l i n g  
f l u i d ,  when not associated with  b i t  blockage, ind ica tes pene­
t r a t i o n  o f a h igh ly  permeable fea tu re .  The rate of loss or gain 
and the t o ta l  volume change ( i f  the f l u i d  volume s ta b i l i z e s )  
shal l  be measured as c lose ly  as p ra c t i c a l .  I f  the volume of 
f l u i d  increases, the v i s c o s i t y  shal l  be measured p e r io d ic a l l y .
The depth a t which loss or gain occurs shal l  be noted. Extreme 
losses may necess i ta te  grout ing o f  the zone.

5.0 Reporting

The core d r i l l i n g  repor t  i s  presented w ith  the core log repor t ,  as 
discussed in  Procedure GT-A.3, "Techniques fo r  Logging Rock Core."
The borehole l o c a t io n ,  o r ie n ta t i o n ,  and e leva t ion ,  the top and bottom 
depth of each core run, the percent recovery o f  each run, and the type 
of equipment used are presented on the core logs and need not be 
l i  sted separa te ly .

5.1 Equipment.

The model numbers and s p e c i f ic a t io n s  o f a l l  equipment not i n ­
cluded in  the core log report  sha l l  be l i s t e d .

5.2 D r i 11i ng f l u i d .

The d r i l l i n g  f l u i d  sha l l  be described and the reasons fo r  i t s  
use di scussed.

5.3 Average d r i l l i n g  c h a r a c t e r i s t i e s .

The average d r i l l i n g  c h a ra c te r i s t i c s ,  such as penetra t ion rate 
vs. RPM or t h r u s t ,  sha l l  be presented f o r  each rock formation.

5.4 Abnormal co n d i t io n s .

Abnormal d r i l l i n g  cond i t ions associated with  composition of 
s t ruc tu res  in  the rock shal l  be described and discussed.

5.5 Loss or  gain o f f l u i d .

Loss or  gain of d r i l l i n g  f l u i d  sha l l  be described, inc lud ing 
depth of loss ,  ra te  of loss ,  change in v is co s i ty  o f the f l u i d ,  
etc.  The probable reasons fo r  loss or gain shal l  be discussed.

6.0 Qual i ty  Assurance

6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  d r i l l i n g ,  a l l  personnel shal l  be p requa l i f ied  as de­
scr ibed in  Sect ion 2.1.

6.2 D r i l l i n g  insp e c t io n .

Qua l i t y  Assurance personnel sha l l  inspect the d r i l l  equipment 
and review the t e s t  procedure and the equipment performance 
veri  f i c a t i o n .

6.3 Documentation.

Qual i ty  Assurance shal l  maintain complete equipment c a l ib ra t io n  
and performance v e r i f i c a t i o n  records as appropriate.
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Procedure GT-A.3 

Guidel ines f o r  Logging Rock Core

1.0 Background

1.1 Scope.

1.1.1 Object ive of core logg ing . A rock core log i s  a graphic 
and n a r ra t ive  de sc r ip t io n  in symbolic form of the rock material  
recovered from a borehole. The ob jec t ive  of t h i s  gu ide l ine  is  
to es tab l ish  a standard method o f core logging tha t  w i l l  provide 
a complete d e sc r ip t io n  o f  the rock, and can be eas i ly  and qu ick ly  
used by in ve s t ig a to rs  who may have no other contact with  the 
rock m ate r ia ls .

1.1.2 L im i ta t io n s . This procedure assumes tha t  the rock core 
has been recovered, cleaned, and placed in  the core box with  
appropr ia te depth markings. Techniques fo r  d r i l l i n g ,  recovery, 
and storage of core are described in  GT-A.2, "Guidelines fo r  
Rock Core D r i l l i n g "  and GT-A.4, "Handling and Storage of Rock 
Core Samples."

1.2 General de sc r ip t io n  o f core logging.

The rock core log i s  a p re -p r in ted  standard form conta in ing the 
fo l low ing  f i v e  basic ca tegories o f  in format ion.

1.2.1 Documentation: Pro ject i d e n t i f i c a t i o n ,  loca t ion  and
o r ie n ta t io n  of the-boreho le , and other background informat ion.

1.2.2 D r i l l i n g  da ta : Type o f  d r i l l i n g  equipment, penetrat ion 
ra tes, and o ther  d r i l l i n g  in fo rmat ion .

1.2.3 Descr ip t ion  o f the rock : Macroscopic descr ip t ion  o f the
petro logy o f the rock.

1.2.4 Descr ip t ion  of the s t r u c tu r e : I d e n t i f i c a t i o n  of f a u l t s ,  
j o i n t s ,  bedding planes, e t c . ,  and t h e i r  o r ie n ta t io n s .

1.2.5 Other t e s t s : Results o f f i e l d  c l a s s i f i c a t i o n  tes ts  such 
as r e la t i v e  hardness.

1.3 References.

1.3.1 ASCE Task Committee fo r  Foundation Design Manual, 1972, 
"Subsurface In ve s t ig a t io n  fo r  Design and Construct ion of Foun­
dat ions of Bu i ld ings :  Part I I ,  "Proc. Am. Soc. Civ. Eng.
J. Soi l  Mech. Fnds. Div. , 98, SM6.

1.3.2 Dodds, R.K. , 1971, "E f fe c t i v e  Exp lorat ion Inspect ion,"  
Foundation Sciences, Inc. News le t te r , 5, 1.

1.3.3 Geological Society o f London Engineering Group, 1970.
"The Logging of Rock Cores f o r  Engineering Purposes,"Q.J.
Eng. Geol. , _3*
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1.3.4 RankH or ,  P.R. , 1974, "A Suggested F ie ld  System of Logging 
Rock Cores f o r  Engineering Purposes," B u l l .  Assoc. Eng. Geol. ,  n, 3.

1.3.5 Winterkorn, H.F. , and Fang, H.Y. , 1975, Foundation En­
g ineering Handbook, Van Nostrand Reinhold Co., New York.

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  core logging, inc lud ing  the Technicians 
and F ie ld  Superv isor,  sha l l  be fo rma l ly  p re q u a l i f ie d  under 
Qual i ty  Assurance procedures estab l ished as par t  o f  the overa l l  
e xp lo ra t ion  program.

2.2 Exp lo ra t ion  program de f ined .

The scope and goals o f  the exp lo ra t ion  program should be estab­
l ished .  Areas of special  i n t e r e s t  during core logging, such as 
weathered f ra c tu re s ,  f a u l t s ,  weak formations, e t c . ,  should be 
de f i  ned.

3.0 Equipment

3.1 Log Forms.

Standard log forms (see Figure 3.1) sha l l  be prepr in ted on NCR 
(no carbon requi red)  paper which produces at leas t  two copies 
of the o r ig in a l  log.

3.2 Pens.

Fine or medium b a l l p o in t  pens w i th  black permanent ink shal l  
be used to  complete the log forms.

3.3 Measuring ru le  or tape .

A wooden or  metal ru le  or  measuring tape graduated to at leas t  
0.01 f t  (0.1 cm) sha l l  be used f o r  measuring distances along 
the rock core.

3.4 Goniometer.

A goniometer graduated to  at leas t  1° sha l l  be used to  measure 
the o r ie n ta t i o n  of f ra c tu re s  and bedding planes in  the core.

3.5 Hand lens .

A hand lens o f at leas t  lOX m agn i f ica t ion  shal l  be ava i lab le  
f o r  examining rock mate r ia ls .

3.6 Color c h a r t .

A Munsell or GSA Rock Color Chart sha l l  be used to  describe 
rock co lo r .
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3.7 C a l ip e r .

A c a l i p e r  graduated and accurate to at least  0.001 in .  (0.025 mm) 
sha l l  be used to  measure core diameter.

3.8 Acid .

A 5% s o lu t io n  of hydroch lo r ic  acid sha l l  be ava i lab le  fo r  
in d ic a t in g  the calcium carbonate content o f rock cores.

3.9 Hammer and k n i f e .

A standard g e o lo g is t ' s  hammer and 2- to  3 - in . - lo n g  (51- to 
76-mm-long) pocket kn i fe  sha l l  be ava i lab le  to  determine 
hardness.

3.10 Mi seel laneous.

Other equipment inc lud ing  engineer 's  scale, s t r a ig h t  edge, pro­
t r a c t o r ,  c l ipboards ,  e tc .  as requi red to  complete the log form 
and perform the f i e l d  ch a rac te r iza t io n  tes ts  shal l  be ava i lab le .

4.0 Procedure

Figure 4.1 i s  an example o f  a completed core log.

4.1 Documentation.

4.1.1 P ro je c t . The name of the p ro jec t  shal l  be recorded.

4 .1 .2  Feature. The name o f  the s p e c i f i c  po r t ion  o f the p ro jec t
where the boring i s  located sha l l  be entered.

4.1 .3  Hole number. The designat ion of the borehole shal l  be
recorded on the top and bottom of the form.

4.1 .4  Coord inates. The loca t ion  o f  the top o f  the borehole 
in  nor th ings and east ings sha l l  be recorded.

4 .1 .5  Q r ie n ta t io n . The bear ing, in  degrees clockwise from north 
(e.g. due west is  a bearing o f 270°),  and the i n c l i n a t i o n  of 
the borehole in  degrees from hor izon ta l  (e.g. a v e r t i c a l  hole 
has an i n c l i n a t i o n  o f 90°) sha l l  be entered.

4 .1 .6  E le va t io n . The e leva t ion  of the ground surface above mean 
sea level a t the top o f the borehole shal l  be recorded.

4.1.7 Date s ta r te d . The date on which borehole d r i l l i n g  was 
s ta r te d ,  inc lud ing  any overburden d r i l l i n g ,  shal l  be noted on 
a l l  logs o f  a p a r t i c u la r  borehole.

4 .1 .8  Date f i n i s h e d . The date on which d r i l l i n g  of the borehole 
is  f in ished  sha l l  be recorded on the l a s t  log fo r  tha t  borehole, 
and on e a r l i e r  log forms i f  desired.

4 .1 .9  Depth. The maximum depth to which a borehole is  logged on 
each log form sha l l  be entered.
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4.1.10 Number of core boxes. The cumulative number of core 
boxes used f o r  the borehole to  date sha l l  be entered on each log 
form, inc lu d in g  new boxes begun on tha t  form.

4.1.11 Water t a b le . The e leva t ion  o f the water tab le  in the
borehole above mean sea level and the date of the reading 
shal l  be recorded.

4.1.12 Logging personnel . The ind iv idua l  (s) logging the rock 
core sha l l  record t h e i r  i n i t i a l s  in  the appropria te loca t ion .

4.1.13 Date. The date the core i s  being logged sha l l  be entered.

4.1.14 Page numbers. Each log form has enough space to record 
d e sc r ip t i ve  data f o r  10 f t  (3.05 m) o f core. Addit iona l  log 
forms are numbered success ively  as they are used. The to ta l  
number of pages i s  entered a f t e r  a l l  core from the borehole
is  logged.

4.1.15 S i te  number. The s i t e  number may be an in te rna l  job
number or  a code f o r  the p ro jec t  and fea tu re .

4.2 D r i l  l i n g  data.

4.2.1 E levat ion  and depth. The e leva t ion  o f  the borehole above 
mean sea leve l and i t s  depth below the ground surface shal l  be 
entered a t the top and bottom o f  the appropr ia te  columns, as a 
minimum on each log. This in format ion shal l  also be recorded
on the log where major formational changes or s t ru c tu ra l  features 
are described.

4 .2 .2  Core lo s s . Sect ions o f the borehole from which core was 
success fu l ly  recovered are ind ica ted by a so l id  bar in the core 
loss column. In te rv a ls  o f  core loss , i f  known, are l e f t  open and 
labeled "CL". I f  the in te rva l  o f core loss i s  unknown, i t  is  
assuiied to  be d is t r ib u te d  over the length o f the run. In t h i s  
case, an in te r v a l  o f the appropr ia te  length i s  l e f t  open a t the 
end of the run and labeled "CL-DOR." Samples removed from the 
core boxes f o r  labora tory  te s t in g  sha l l  l ikew ise  be indicated
by an open in te rv a l  in  the core loss column, labeled with  the 
sample number and "LAB".

4 .2 .3  Data from in d iv id u a l  cor ing runs. At the top of each core 
run on the log form, the fo l low ing  in format ion sha l l  be recorded.

4 .2 .3 .1  The run number. Runs are numbered in  sequential  
order.

4 .2 .3 .2  The length d r i l l e d  during the run, ind icated by "D" 
and the length to  the nearest 0 . I f t  (3 cm).

4 .2 .3 .3  The length o f  core recovered from the run, ind icated 
by "C" and the recovered length o f core to  the nearest 0.1 f t  
(3 cm).

4.2. 3.4 The percent recovery.
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4 .2 .3 .5  The Rock Qua l i ty  Designat ion (RQD) o f the run. RQD 
is  def ined as the length o f core recovered in 4 - in .  (10-cm) 
o r  longer segments d iv ided by the to ta l  length' o f  the run, 
expressed as a percentage. Handl ing- and d r i l l i n g - in d u c e d  
breaks, where they can be p o s i t i v e l y  i d e n t i f i e d ,  are not 
considered breaks when ca lcu la t in g  RQD.

4.2 .4  Box number and t ime or date. The number of the box in 
which the core is  placed sha l l  be entered between arrows i n d i ­
cat ing the in te rva l  of core contained in  th a t  box. The date 
and time th a t  a new box i s  begun shal l  be ind icated. Detai led 
boxing procedures may be found in  GT-A.4, "Handling and Storage 
of Rock Core Samples."

4 .2 .5  D r i l l  b i t  and sampling device. The type o f d r i l l  b i t
and core barre l  sha l l  be recorded, with arrows extending over the 
e n t i r e  zone where those pieces o f equipment were used.

4.2.6 Casing. The type and diameter of casing, i f  any, shal l  
be recorded in  the appropr ia te  column, w ith  arrows extending 
over the e n t i r e  in te rv a l  where th a t  casing was used.

4.3 Descr ip t ion  of the rock.

4.3.1 Weathering. The degree o f weathering o f  the rock shal l  be 
recorded in  the appropr ia te  column, using the designat ions 
l i s t e d  in  Table 4.1. The in te rva l  over which the designat ion 
appl ies sha l l  be ind ica ted  by arrows.

4 .3 .2  L i t h i e  log . The l i t h i c  log is  a symbolic representat ion 
of the rock m a te r ia l .  Standard symbols fo r  var ious rock types 
are shown in  Table 4.2. The type of rock material  encountered 
shal l  be ind icated using the standard symbols over the ap­
p ro p r ia te  i n t e r v a l .

4 .3 .3  L i t h i c  d e s c r ip t io n . A standard macroscopic pe tro log ic  
de sc r ip t io n  of the rock sha l l  be recorded fo r  each rock type 
encountered. The d esc r ip t ion  sha l l  appear at least  once on 
each log form, even where the same formation is  logged over 
several forms. Va r ia t ion  of mater ia l  w i th in  a formation shal l  
be noted at the appropr ia te loca t io n .  The descr ip t ion  shal l  
include the fo l low ing  in fo rmat ion :

4 .3 .3 .1  Color

4 .3 .3 .2  G ranu la r i ty

4 .3 .3 .3  Name

4 .3 .3 .4  Descr ip t ion  of te x tu re ,  vo ids, inc lus ions ,  etc.

4.4 Descr ip t ion  of the s t ru c tu re .

4.4.1 Fracture log . Fractures shal l  be recorded g raph ica l ly  
at the depths and o r ie n ta t io n s  where they occur. Breaks which 
are c l e a r l y  the re su l t  o f  d r i l l i n g  or handl ing shal l  be shown
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Table 4.1 

Rock Weathering Descript ions

Designation Descr ip t ion

I Fresh: no v i s ib l e  sign o f  weathering

I I  F a in t l y  weathered: weathering l im i te d  to  the

surface o f major d i s c o n t i n u i t i e s

I I I  S l i g h t l y  weathered: pene t ra t ive  weathering

developed on open d is c o n t in u i t y  surfaces but 

on ly s l i g h t  weathering o f  rock mater ia l

IV Moderately weathered: weathering extends

throughout the rock mass but the rock materia l  

is  not f r i a b l e

V Highly weathered: weathering extends through­

out rock mass and the rock materia l  i s  p a r t l y  

f r i a b l e

VI Completely weathered: rock is  whol ly  decom­

posed and in  a f r i a b l e  cond i t ion  but the rock 

tex tu re  and s t ru c tu re  are preserved

VII  Residual s o i l :  a s o i l  mater ia l  w ith  the

o r ig in a l  te x tu re ,  s t ru c tu re  and mineralogy 

o f  the rock completely destroyed
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Table 4.2 

Standard L i t h i c  Symbols

BRECCIA

SEDIMENTARY ROWS

SILTSTONE

CONGLOMERATE

M A S S IV E  SANDSTONE 8 
FINE-G RAINED

O IL  SHALE

DOLOM ITE

MUDSTONE OR 
CLAYSTONE

.r*! *

MASSIVE SANDSTONE, 
COARSE-GRAINED

EDDED SANDSTONE

CARBONACEOUS SHALE  
W ITH  COAL BED

GYPSUM

CROSS-BEDDED
SANDSTONE

SHALE

1 T

LIM ESTONE

SALT

SLATE

GNEISS

METAMORPHIC ROCKS

V Z M C V IL  
M  M J3)

SOAPSTONE,TALC 
SERPENTINE

y  4- +  +  -
~ " '4- -

MARBLE

IGNEOUS ROCKS

TUFF AND 
TUFF-BRECCIA

L tV  v t  AO ^  a A ^
INTRUSIVE

-H -f- -H 
+  +•-»-

EXTRUSIVE

BASIC LAVA FLOWS

SCHIST

QUARTZITE

. a . a . a : 'A  A  A  A  
* A . A . A .

A  A  A  A
CHERT CHALK OR 

CALCAREOUS
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with  a jagged l i n e  and labeled "DB" and "HB", respec t ive ly .

4 .4.2 S t ruc tu ra l  d e s c r ip t io n . The j o i n t i n g ,  bedding, f o l i a t i o n ,  
shear or gouge zones, e tc .  sha l l  be described. In general,  the 
size of the fea tu re ,  the geometry, the gradat ion, and any coa t ­
ings or s l ickens ides  sha l l  be noted as appropr ia te. Standards 
f o r  descr ib ing fea ture  spacing are l i s t e d  in  Table 4.3.

4.5 Other t e s t s .

Results from f i e l d  c l a s s i f i c a t i o n  t e s ts ,  d r i l l i n g  performance 
measurements, and any o ther  remarks are recorded in  the column 
labeled "Test and Remarks".

4.5.1 Hardness. The rock hardness shal l  be c l a s s i f i e d  according 
to the system given in  Table 4.4. Hardness tes ts  sha l l  be con­
ducted on each d i f f e r e n t  rock materia l  or  va r ia t io n  w i th in  the 
rock materia l  encountered. The hardness designat ion shal l  be 
recorded on the log at the depth where the te s t  was made.

4.5.2 Diameter. The diameter o f  the core shal l  be measured per ­
i o d i c a l l y  to  the nearest 0.001 in .  (0.025 mm) and recorded at 
the appropr ia te  depth.

4 .5.3 Reaction w i th  ac id . Reaction w i th  hydroch lor ic  acid i n ­
d ica tes the presence of calcium carbonate. Reactions shal l  be 
c l a s s i f i e d  as none, weak, moderate, or strong, and recorded at 
the depth o f the te s t .

4 .5 .4  D r i l l i n g  performance measurements. Information about the 
d r i l l i n g  opera t ion ,  such as penetra t ion ra te ,  t h r u s t ,  and RPM, 
sha l l  be recorded a t the appropr ia te  depths. The requirements 
fo r  measuring these parameters may be found in  procedure GT-A.2, 
"Guidel ines f o r  Rock Core D r i l l i n g . "

5.0 Reporting

Core logs are genera l ly  incorporated in to  a more comprehensive 
geologic repor t  about the s i t e .  The fo l lo w ing  are basic requ i re ­
ments th a t  should be included in  a l l  repor ts .

5.1 Ind iv idua l  logs.

The in d iv idu a l  core logs as prepared in  the f i e l d  sha l l  be 
inc luded, genera l ly  in  an appendix. These logs may be redra f ted 
fo r  the sake of c l a r i t y  and u n i fo rm i ty  o f presenta t ion ,  but no 
in fo rmat ion  sha l l  be added or deleted.

5.2 Summary lo g s .

Summary logs are designed to  present the overa l l  s t r a t ig ra p h ic  
column in  a concise way. General ly,  summary logs inc lude depth, 
l i t h i c  symbols, pe t ro lo g ic  and s t ru c tu ra l  de sc r ip t io n s ,  and 
histograms of core recovery and RQD. Figure 5.1 is  an example 
o f a summary log. The format may be expanded to  include other 
in fo rmat ion  as necessary.
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Table 4.3 

Spacing of Rock Structures 

( a f t e r  ASCE, 1972)

Spacing Jo in ts  Bedding and F o l ia t io n

Less than 2 in .  Very close Very th in
(<51 mm)

2 in .  to  1 f t  Close Thin
(51 mm to  30 cm)

1 f t  to 3 f t  Moderately close Medium
(30 cm to  0.91 m)

3 f t  to 10 f t  Wide Thick
(0.91 m to  3.1 m)

More than 10 f t  Very wide Very th ick
(>3.1 m)
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Table 4.4

Hardness C la s s i f i c a t i o n  f o r  Engineering Descrip t ion  of Rock
( a f t e r  ASCE, 1972)

Designat ion Descri p t ion

VH Very Hard - Cannot be scratched w ith  k n i fe  or sharp
p ick .  Breaking o f hand specimens requi res 
several hard blows o f g e o lo g is t ' s  pick.

H Hard - Can be scratched w ith  k n i fe  or pick only
w i th  d i f f i c u l t y .  Hard blow o f  hammer required 
to  detach hand specimen.

MH Moderately Hard - Can be scratched w ith  k n i fe  or
p ick .  Gouges or  grooves to  1/4 in .  (6.4 mm) 
deep can be excavated by hard blow o f  po in t 
o f  g e o lo g is t 's  p ick . Hand specimens can be 
detached by moderate blow.

M Medium - Can be grooved or gouged 1/16 in .  (1.6 mm)
deep by f i rm  pressure on kn i fe  or pick po in t .  
Can be excavated in  small chips to  pieces 
about 1 in .  (25 mm) maximum size by hard blows 
o f  the po in t  o f  g e o lo g is t ' s  pick.

S Soft  -  Can be gouged or grooved re a d i ly  w ith  kn i fe
or pick po in t .  Can be excavated in  chips to 
pieces several inches in size (50 to  75 mm) 
by moderate blows o f pick po in t .  Small , t h in  
pieces can be broken by f in g e r  pressure.

VS Very s o f t  - Can be carved w ith  kn i fe .  Can be ex­
cavated re a d i l y  w ith  po in t o f p ick. Pieces 
1 in .  (25 mm) or  more in  thickness can be 
broken by f i n g e r  pressure. Can be scratched 
re a d i l y  by f i n g e r n a i l .
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I*

SUMMARY LOG 
W H ITE  ROCK URANIUM M IN E -A C C E S S  SHAFT  

BORE HOLE 1 7 5 - 4 8
DEPTH

( F T )  SYMBOL
RECOVERY,%

DESCRIPTION 100

LIGHT GRAY, MEDIUM TO COARSE-GRAINED 
SANDSTONE. THINLY BEDDED,FRIABLE. WIDELY 
SPACED JOINTS DIPPING 45?  OCCASIONAL 
SHALE SEAMS.1410

1420

1430

1440
DARK GRAY SHALE,VERY THINLY BEDDED, 
MEDIUM HARD.

1450

1460

1470

1480

LIGHT TAN LIM ESTONE, M A S S IV E , MODERATELY 
CLOSELY SPACED JOINTS DIPPING 6 0 “ OCCASIONAL 
P Y R IT IZ E D  FOSSILS.

1490

1500

i i i l i

___

FIG. 5.1 EXA M P LE  SUMMARY LOG



6.0 Qua l i ty  Assurance

6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to f i e l d  operat ions, a l l  personnel sha l l  be p re qu a l i f ie d  as 
described in  Section 2.1.

6.2 F ie ld  insp e c t io n .

Qua l i ty  Assurance personnel sha l l  review the logging procedure 
and completed logs during the f i e l d  phase. Any mater ia ls  not 
s a t i s f a c t o r i l y  logged sha l l  be relogged u n t i l  they are in con­
formance w i th  t h i s  procedure.

6.3 Required documentation.

Qua l i ty  Assurance sha l l  maintain completed copies o f a l l  f i e l d  
rock core logs.

A. 3-14



Procedure GT-A.4 

Handling and Storage o f  Rock Core Samples

1.0 Background

1.1 Scope.

1.1.1 Object ive of t h i s  procedure. The ob jec t ive  of t h i s  pro­
cedure i s  to es tab l ish  standard handl ing, lab e l in g ,  and storage 
techniques th a t  w i l l  preserve rock core samples in  a usable and 
accessib le  manner. Special procedures fo r  laboratory  sample 
preservat ion are also es tab l ished.

1.1.2 L im i ta t io n s . This procedure discusses handl ing and storage 
of rock core from the t ime o f recovery u n t i l  i t s  placement in 
permanent storage. Sampling and d r i l l i n g  techniques and logging 
procedures are discussed in  procedures GT-A.2 "Guidel ines fo r  
Rock Core D r i l l i n g "  and GT-A.3 "Guidelines fo r  Logging Rock 
Core".

1.2 General de sc r ip t io n  of the procedure.

Rock core is  removed from the core b a r re l ,  washed, and placed 
c a r e fu l l y  in  core boxes. The core is  measured and labeled.
Blocks are placed to  ind ica te  core loss. Samples fo r  labora­
to ry  te s t in g  are sealed to  preserve t h e i r  moisture condi t ion . 
F i l l e d  core boxes are placed in  temporary storage, transported 
to  permanent storage, and stored there in an accessible and 
organized manner.

1.3 References.

1.3.1 Geological Society o f  London Engineering Group, 1970, "The 
Logging o f Rock Cores fo r  Engineering Purposes", Q.J. Eng. Geol. , 
3.

1.3.2 Hvorslov, M.J. , 1949, Subsurface Explorat ion and Sampling 
of So i ls  f o r  C iv i l  Engineering Purposes, ASCE Committee on Samp- 
l in g  and Test ing, Soi l  Mechanics and Foundation D iv is ion ,  Water­
ways Experiment S ta t io n ,  Vicksburg, M iss iss ipp i .

2.0 Prerequi s i te s

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  handl ing the rock core, inc lud ing the 
Technicians and F ie ld  Supervisor,  shal l  be fo rmal ly  p requa l i f ied  
under the Qua l i t y  Assurance procedures establ ished as part  of  
the ove ra l l  t e s t in g  program.

2.2 Sampling program def ined.

The number and types o f  labora tory  samples required, and the c r i ­
t e r i a  f o r  t h e i r . s e le c t i o n  in the f i e l d ,  should be established 
p r io r  to the s ta r t  o f  the d r i l l i n g  program.
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2,3 Shipping and sto rage.

Arrangements f o r  shipping and s to r in g  the rock core should 
be made p r i o r  to the s t a r t  o f  the d r i l l i n g  program. Shippers 
should be informed o f  the nature o f  rock core and the special  
requirements f o r  i t s  shipment.

3.0 Equipment

3.1 Core boxes.

Durably constructed wooden boxes w ith  p a r t i t i o n e d  compartments 
and hinged l i d s  sha l l  be used f o r  a l l  recovered rock core.

3.1.1 Mate r ia ls  and dimensions. A l l  boxes fo r  a sp e c i f i c  size 
core sha l l  be stackable and of uniform s ize .  An example core 
box i s  shown on Fig 3.1.

3 .1 .1 .1  The core boxes sha l l  be 3 to  5 f t  (0.9 to  1.5 m) 
long. The storage capacity in  length o f core w i l l  vary 
depending in  the core diameter;  in  no case, however, sha l l  
the boxes be too large to  be e a s i l y  handled by two persons 
when f u l l .  Each p a r t i t i o n e d  compartment shal l  be as wide 
and deep (w ith  the box l i d  closed) as the core diameter 
plus 0.25 in .  (6.4 mm).

3 .1 .1 .2  The fo l lo w ing  are the minimum thicknesses fo r  
wood used in  cons t ruc t ing  the box:

top and bottom: 3/8 in .  (9.5 mm)

s id e s : 3/4 in .  (19 mm)

p a r t i t i o n s :  1/4 in .  (6.4mm)

The wood sha l l  be No. 2 grade or b e t te r ,  or e x te r i o r  grade 
plywood. I f  glue i s  used in  assembling the core box, i t  
sh a l1 be waterproof.

3 .1 .1 .3  The cover o f  the box sha l l  be hinged, and two 
hook-and-eye fasteners sha l l  be used to  keep the cover 
closed during handl ing. Handles on the ends o f  the 
boxes are recommended.

3.1 .2  Markings. Each box sha l l  have the fo l low ing  in format ion 
marked on the top cover:

Pro jec t  Name

"HOLE NO.

"SURFACE EL. _ 

"BOX OF

"DEPTH: TO

Both ends o f the box sha l l  be marked:

"HOLE NO. _____ "

"BOX   OF  "
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Capital  l e t t e r s  sha l l  be no less than 1 in .  (25.4 mm) high. Black, 
waterproof pa in t  sha l l  be used. An example i s  shown on Figure 3.1.

3.2 Marking pens.

Pens fo r  labe l ing  samples and core boxes sha l l  have a wide 
f e l t  t i p  and dispense a heavy l i n e  of waterproof black ink.

3.3 Blocks.

Blocks are used f o r  i d e n t i f y i n g  the beginnings and ends o f  core 
runs, marking core loss ,  and in d ic a t in g  areas where samples 
have been removed. Blocks sha l l  be made of wood, be at leas t  
as wide in  both d i r e c t io n s  as the rock core diameter, and have 
at le a s t  one f l a t  surface su i ta b le  fo r  marking.

3.4 Laboratory preservat ion m a te r ia ls .

Samples f o r  labora to ry  te s t in g  require  special  preservat ion.

3.4.1 Wrapping m a te r ia l s . Heavy-duty aluminum f o i l ,  heavy 
polyethylene p la s t i c  f i l m ,  cheese c lo th ,  nylon re in forced 
tape, or o ther  s im i l a r  mater ia ls  may be used f o r  wrapping.

3.4.2 Seal ing m a te r ia ls . A m icrocrys ta l  l i n e  wax sha l l  be used 
to seal the samples against  moisture loss. The wax sha l l  be 
so l id  at normal temperatures but not b r i t t l e .  A mixture o f  
p a ra f f i n  and a t  le a s t  20% bee's wax has been found su i ta b le .

3.4.3 Label m a te r ia ls . Masking tape, cardboard, heavy paper, or 
s im i l a r  m ate r ia ls  sha l l  be a va i lab le  f o r  labe ls .

3.5 Shipping con ta ine rs .

Shipping conta iners f o r  labora tory  samples sha l l  p ro tec t  the 
samples from damage during t r a n s i t .  Lockable steel too l  boxes 
or heavy-duty wooden crates are recommended. Su i tab le  packing 
mater ia ls  inc lude styrofoam, p la s t i c  "bubble-wrap", foam rubber, 
e x c e ls io r ,  e tc .

4.0 Procedure

4.1 Core box a v a i l a b i l i t y .

A s u f f i c i e n t  number o f  boxes sha l l  be a va i lab le  on the s i t e  
to conta in  the rock core as i t  is  recovered from the borehole.

4.2 Core recovery.

When brought to  the sur face, the core sha l l  be removed from 
the core barre l  c a r e f u l l y ,  to  produce minimal add i t iona l  d i s ­
turbance. The core sha l l  be placed in  a temporary box or t ra y  
in co r rec t  sequence. D r i l l i n g  personnel shal l  not perform 
t h i s  operat ion unless d i r e c t l y  supervised by te s t in g  personnel.
4.3 Cleaning.

D r i l l i n g  f l u i d ,  c u t t i n g s ,  and d i r t  shal l  be cleaned from the core 
by scrubbing w i th  a medium s t i f f  brush and r ins in g  in  clean water.
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A saturated br ine so lu t io n  sha l l  be used fo r  s a l t  cores. For 
s a l t  and shales th a t  would be damaged by absorbing water, 
c leaning sha l l  be done as ra p id ly  as possible and the core 
surface dr ied immediately by wiping with  a clean, dry c lo th .

4.4 Boxing.

The core sha l l  be placed in  a clean core box so th a t  the core 
c loses t  to the borehole c o l l a r  is  in the upper l e f t  hand corner 
(next to the box cover) w i th  the deeper core running l e f t  to 
r i g h t  in  sequential  rows.

4.5 Label i ng.

4.5.1 Run leng th . Blocks o f  wood labeled with  the run number 
and depth accurate to w i th in  0.1 f t  (3 cm) shal l  be placed at 
the top and bottom of each run. The distance between the core 
blocks sha l l  be equal to  the length d r i l l e d  and not the length 
recovered.

4 .5 .2  Mechanical breaks. Breaks in the core due to handling
or  mechanical damage during d r i l l i n g  sha l l  be labeled by marking 
"HB" or "DB", re sp e c t ive ly ,  d i r e c t l y  on the two pieces of core 
adjacent to the break.

4 .5 .3  Loss o f  core. Core loss i s  the numerical d i f fe rence 
between the length d r i l l e d  and the length recovered in  an i n d i ­
vidual core run. I f  the loca t io n  o f the core loss in the run 
i s  known, a wooden block sha l l  be placed in  tha t  loca t ion  
marked w ith  the l e t t e r s  "CL" and the upper and lower depths
of the l o s t  i n t e r v a l .  I f  the loca t ion  of the core loss is 
unknown, i t  is  assumed to  be d is t r ib u te d  over the length of 
the run, and a block sha l l  be placed at the end of the run 
(before the run length block)  marked with  the l e t t e r s  "CL-DOR" 
and the length of core loss.

Note; Core loss from one run i s  commonly recovered in  the 
fo l low ing  run due to  re t r ie v a l  of a "stump" l e f t  in 
the borehole when the core barrel  is  pu l led. For t h i s  
reason, f i n a l  labe l ing  o f core loss may only be com­
pleted when the fo l low ing  run is  recovered.

4.6 Core logg ing .

F ie ld  logging of the core is  genera l ly  done a f t e r  the core is 
boxed and labeled. Deta i led procedures are contained in GT-A.3 
"Techniques fo r  Logging Rock Core".

4.7 Photography.

I t  is  recommended th a t  h ig h -q u a l i t y  co lo r  photographs be taken of 
each completed box o f core. This shal l  be done a f t e r  cleaning 
and la b e l in g ,  but before any laborato ry  samples are removed.
Only one box sha l l  be photographed at a time in order to preserve 
as much d e ta i l  as poss ib le . Each photograph should include a 
standard co lo r  s t r i p .  Close-up photos of typ ica l  or unusual 
features are also recommended.
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4.8 Laboratory samples.
The f i e l d  personnel sha l l  be f a m i l i a r  w ith  the dimensional and 
materia l  requirements o f  labora to ry  samples.

4.8.1 Time of p reserva t ion . Laboratory samples shal l  be preserved 
as soon as possible a f t e r  t h e i r  recovery. This is  p a r t i c u l a r l y  
impor tant f o r  rock suscept ib le  to moisture changes.

4 .8 .2  Sample l a b e l in g . The fo l lo w ing  sha l l  be l e g ib l y  marked 
d i r e c t l y  on the laboratory  sample w i th  a waterproof marker:

4 .8 .2 .1  Borehole number.

4 .8 .2 .2  Sample number.

4 .8 .2 .3  Depth o f  upper and lower ends o f  sample. I f  the 
ends o f  the sample are not perpendicu lar to  the long axis 
o f the core, the exact loca t ion  of the labeled depth shal l  
be ind ica ted  by a l i n e  or arrow.

4 .8 .2 .4  O r ien ta t ion  ( i f  a v a i la b le ) .

4 .8 .3  Sea l ing . Laboratory samples shal l  be sealed to  preserve 
t h e i r  natura l  moisture content.  Core shal l  f i r s t  be wrapped in 
f o i l  or p l a s t i c  f i l m ,  tak ing  care to remove any a i r  trapped 
between the core and i t s  wrapping. The sample sha l l  be dipped 
in wax, or the wax sha l l  be painted on, u n t i l  there is  a com­
p le te  and uniform coat ing at leas t  0.125 in .  (3.18 mm) th ic k .
The wax s h a l1 be at a temperature a few degrees above the con­
geal ing p o in t .  Cheese c lo th  or nylon tape may be incorporated 
between layers o f wax to  provide add i t iona l  s t rength .  I f  the 
wax i s  s u f f i c i e n t l y  transparen t ,  a label conta in ing the same 
in fo rmat ion  as in  Sect ion 4 .8 .2  sha l l  be placed under the la s t  
few layers o f wax; otherwise, t h i s  label sha l l  be taped to the 
outside o f the waxed sample.

4 .8 .4  Replacement. Laboratory samples shal l  be represented in  
the core box by a block o f  wood o f equal length placed in  the 
same loca t io n  th a t  the sample occupied. The e leva t ion  at the 
top and bottom of the sample, the sample number, and the date 
i t  was removed sha l l  be p r in ted  l e g ib ly  in  i n d e l ib le  ink in  
large l e t t e r s  on a smooth surface of the block. I f  the sample 
i s  removed because i t  includes an unusual s t ru c tu ra l  fea tu re ,  
such as a f a u l t  or f i l l e d  j o i n t ,  a short  d e sc r ip t i ve  name of 
the fea ture  sha l l  be included on the block,  such as "Fault  
Gouge" o r  " 2 - i n . - t h i c k  J o in t " .

4 .8 .5  Packing and sh ipp ing . Laboratory samples shal l  be packed 
w i th  s u f f i c i e n t  cushioning materia l  to  separate the samples and 
prevent damage during sh ipping. I f  the boxes are shipped via 
commercial c a r r i e r ,  they shal l  be labeled "F ra g i le " .  A lab ­
ora tory  t ra n sm i t ta l  form s im i l a r  to Form GT-A.4-1 shal l  accom­
pany the shipment.

4.9 Completed boxes.

Completed boxes shal l  be labeled on the outs ide with  the required 
in fo rmat ion  using a waterproof black marker. Core from two
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boreholes shal l  not be stored in  the same box. Cores o f  d i f ­
fe ren t  sizes shal l  not be stored in  the same box. The ins ide 
of a completed box is  shown on Figure 4.1, as an example.

4.10 Temporary storage.

Core boxes shal l  not be l e f t  unsecured on the s i te .  The core 
sha l l  be protected from water and vandalism as required. Rock 
core samples shal l  not be allowed to  freeze.
4.11 Shipp ing.

4.11.1 Inven to ry . An inventory contro l  sheet shal l  be prepared 
f o r  each box of core as shown on Form GT-A.4-2. This form shal l  
be v e r i f i e d  and signed by the F ie ld  Supervisor p r i o r  to shipment. 
Copies of the form sha l l  accompany the shipment. The core boxes 
sha l l  be examined upon a r r i v a l ,  and Form GT-A.4-2 shal l  be signed 
on ly i f  the pre- and postshipment inventor ies  are in agreement.

4.11.2 Box c losu re . For long d istance t ranspor t  or shipping by 
commercial c a r r ie r s ,  the core box covers shal l  be securely 
closed using n a i l s ,  screws or  banding.

4.12 Permanent storage.

Permanent storage of rock core shal l  s a t i s f y  the same requ i re ­
ments as temporary storage. In a d d i t io n ,  the boxes shal l  be 
stored in  an organized fashion so tha t  they may be eas i ly  located 
upon request and be re t r ieved  w ith  a minimum of time and e f f o r t .

5.0 Qua l i ty  Assurance

5.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  working in  the f i e l d ,  a l l  personnel shal l  be p requa l i f ied  
as described in  Section 2.1.

5.2 Handling and la b e l in g .

Qual i ty  Assurance personnel sha l l  inspect and v e r i f y  tha t  the 
core is  being handled and labeled in  conformance with  the requ i re ­
ments of the procedure.

5.3 Documentation.

Qua l i t y  Assurance sha l l  v e r i f y  tha t  inventory and shipping docu­
ments are c o r re c t l y  and completely f i l l e d  out. Qual i ty Assur­
ance sha l l  maintain copies o f a l l  forms GT-A.4-1, GT-A.4-2, 
and any o the r  shipping and storage documents required fo r  complete 
sample t ra ce a b i1i t y .
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Procedure GT-B.l

Guidel ines f o r  E le c t r i c  
Logging o f  Boreholes

1.0 General

1.1 Scope.

1.1.1 Object ive of t h i s  g u id e l in e . The ob jec t ive  of th i s  
gu ide l ine  i s  to present an overview o f  various e le c t r i c  logging 
methods and to  provide a degree o f s tandard izat ion of the method. 
E le c t r i c  logging i s  genera l ly  performed by s p e c ia l i s t  organiza­
t io n s .  Each organ iza t ion  may use s l i g h t l y  d i f f e r e n t  techniques 
or  equipment. Some types o f probes and data reduct ion algori thms 
are p ro p r ie ta ry .  The adequacy o f  p a r t i c u la r  techniques used by 
the various s p e c ia l i s t  organ izat ions w i l l  requi re  review on a 
p ro je c t -b y -p ro je c t  basis.

1.1.2 App l ica t ion  o f the method. E le c t r i c  logging measures the 
e le c t r i c a l  res is tance o f rock formations. While e le c t r i c  logs 
may be used in  some cases to  estimate the poros i ty  of rock forma­
t io n s ,  the pr imary a p p l i c a t io n  f o r  rock mechanics is  as a c o r re la ­
t i o n  technique between boreholes to evaluate the s t ruc tu re  at the 
s i t e .

1.2 General d e sc r ip t io n  of e l e c t r i c  logging.

A probe is  lowered to  the bottom o f  a borehole. I t  is  raised at 
a uniform ra te ,  and the res is tance and spontaneous po ten t ia l  are 
recorded con t inous ly .  A p r o f i l e  o f e le c t r i c a l  p ropert ies o f the 
geologic sect ion i s  obtained.

1.3 Theoret ica l  background.

1.3.1 Spontaneous p o t e n t i a l . Spontaneous po ten t ia l  is  determined 
by measuring the voltage between the rock formation in the borehole 
and the ground surface. A schematic is  shown in  Figure 1.1. 
A l t e r n a t i v e l y ,  both e lect rodes may be downhole, a short distance 
apart .  This second method, however, p r im a r i l y  detects the i n t e r ­
faces between fo rmations, and genera l ly  provides less informat ion 
than the f i r s t  method.

The spontaneous e le c t r i c a l  po ten t ia l  in a rock mass is  caused by 
d i f fe rences  in e le c t r i c a l  po ten t ia l  occurr ing opposite boundaries 
between d i f f e r e n t  formations down the borehole. These po ten t ia ls  
are o f elect rochemical  o r ig i n .

The electrochemical p o te n t i a l ,  (spontaneous p o te n t i a l ) ,  E , is  
described in  general terms by;

^c "  ̂ ( 1 )
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where:
C = a constant at a given temperature in  a given 

geochemi s t ry
p d f  = r e s i s t i v i t y  o f  d r i l l i n g  f l u i d  tha t  penetrates 

the formation 
pw = r e s i s t i v i t y  o f  water in the formation.

I t  may be seen from Equation 1 th a t  spontaneous po ten t ia l  requires 
a con t ras t  in  r e s i s t i v i t y  between the f l u i d  f i l l i n g  the borehole 
and the n a tu r a l l y  occurr ing f l u i d  in  the formation.

In sedimentary formations, the SP curve usual ly  shows two charac­
t e r i s t i c s .  I t  w i l l  be a more or  less s t ra ig h t  l i n e  opposite 
impermeable shales. I t  w i l l  show peaks to the l e f t  opposite 
permeable s t ra ta .  The shapes and ampli tudes o f the peaks may be 
d i f f e r e n t  according to  the type o f fo rmation, as i l l u s t r a t e d  by 
Figure 1.2. However, there  i s  no d e f i n i t e  co r re la t io n  between 
the amplitude of l in e s  and the degree of permeabi l i ty  o f the 
rocks.

In metamorphic igneous sequences, a cons is tent basel ine value may 
not be estab l ished.  The spontaneous po ten t ia l  ch a ra c te r is t i c s  of 
various formations must be determined by c o r re la t in g  the po ten t ia l  
curve w i th  the core log in  at leas t  one borehole ( th i s  i s  good 
p rac t ice  in  sedimentary sequences a lso ) .  I t  may be d i f f i c u l t  to 
separate the e f fe c ts  o f change of rock formation from change of 
groundwater chemistry w i th in  a s ing le  formation.

1.3.2 R e s i s t i v i t y . The e le c t r i c a l  r e s i s t i v i t y  of rock formations 
i s  governed by the presence and chemistr^ o f  i n t e r s t i t i a l  water 
and by the size and c o n t in u i t y  o f  the i n t e r s t i c e s ,  except in 
formations th a t  conta in e l e c t r i c a l l y  conductive minerals.

1 .3 .2 .1  Unfocused r e s i s t i v i t y . Single po in t r e s i s t i v i t y  
measurements are made w ith  the e lectrode conf igu ra t ion  
shown in  Figure 1.3a. I f  the current is  maintained at a 
constant value, the voltage is  proport ional to  the re s is ­
tance o f the mater ia ls  between the e lect rodes. The s ing le  
po in t method does not give accurate values o f formation 
r e s i s t i v i t y ,  but does provide r e la t i v e  apparent r e s i s t i v i t i e s .

A t y p ic a l  s ing le  po in t  curve is  shown in Figure 1.3b. The 
apparent thickness o f the beds is  considerably d i f f e r e n t  
than the actual th ickness ,  because the s ing le  po int method 
is  s t rong ly  inf luenced by the e le c t r i c a l  p ropert ies of the 
formations and d r i l l i n g  f l u i d  in  the v i c i n i t y  o f the down­
hole e lec t rode.  The zone of inf luence is  about 10 times the 
e lect rode diameter.

The pr imary use of sing le  po in t res istance is  gross c o r re la ­
t i o n  o f s t r a t i g ra p h ic  u n i t s .

The normal e lect rode con f igu ra t ion  is  shown on Figure 1.4a.
The measured res is tance,  p ^ ,  i s  approximated by:

P ,  • (1)

B . 1 - 3



Shale base 
line

jhcQliElfin^-

Colloidal 
shale-sand

W q ^ d .)
yshaipyyy>
Black shale(red.)

Sand + diss. FeSI
flZ T /

Rhyolite
f -  - I -  -

^=77:

FIG. 1.2 SPONTANEOUS PO TENTIA L LOG IN A SEDIMENTARY SEQUENCE 
(AFTER P 1 R S 0 N . I9 6 3 )

B.1-4 •I



t o

A. TEST GEOMETRY

I  •  CURRENT 
MEASUREMENT 

V •  VOLTAGE 
MEASUREMENT 

P ■ POWER

8. TY P IC A L  CURVE

FIG. 1.3 SINGLE POINT METHOD FOR R ESISTIV ITY  
MEASUREMENTS(AFTER TELFORD, E T A L . I 9 7 6 )

5 . 1 - 5



where:
AV = measured voltage 

I = current

S = spacing between elect rodes as shown 
on Figure 1.4a.

The measured r e s i s t i v i t y  i s  a f fec ted by the r e s i s t i v i t y  o f  
the beds adjacent to  e lect rodes C, and P,,  the r e s i s t i v i t y  
o f the d r i l l i n g  f l u i d ,  and the penetra t ion o f the d r i l l i n g  
f l u i d  in t o  the rock. The depth o f i n v e s t ig a t io n  of the 
r e s i s t i v i t y  measurement i s  approximately twice the e lect rode 
spacing; thus, sh o r te r  e lect rode spacings de f ine  th in ne r  beds, 
but are more se n s i t i ve  to  e f fe c t s  o f  the d r i l l  hole, whi le 
longer spacing gives more accurate r e s i s t i v i t y  values. Two 
standard spacings are used: short-normal at 16 in .  (41 cm)
and long-normal a t 64 in .  (1.62 m). The d e f i n i t i o n  and 
sharpness o f  both types o f  normal logs decreases with increasing 
borehole diameter and decreasing d r i l l  f l u i d  r e s i s t i v i t y .

A t y p ic a l  normal r e s i s t i v i t y  p r o f i l e  is  shown on Figure 1.4b.
The curve i s  symmetrical w i th  the beds, and the in te r faces  
are d i s t i n c t ,  but not necessar i ly  a t t h e i r  actual loca t ions .
High r e s i s t i v i t y  beds appear th in n e r  and low r e s i s t i v i t y  beds 
appear th i c k e r  than they a c tu a l l y  are.

The la te ra l  e lec t rode con f igu ra t io n  is  shown on Figure 1.5a.
The measured res is tance ,  P , i s  given by;m ^

•I

4 ttA V
^ m ~ I 

where:

'S S^ r 2
T V ^ )

( 2 )

= the dis tance between and

$ 2  = the dis tance between P2  and

and $ 2  are genera l ly  equal to  20 f t  (6.1 m) and 17 f t
4 in .  (5.29 m), re spec t ive ly .

The curves produced by the l a te ra l  system are asymmetric, 
as shown on Figure 1.5b. The depth o f i n v e s t ig a t io n  is  
approximately equal to  the average o f  S, and S2 * This method 
is  a f fec ted  by the same fac to rs  as the normal method. I t s  
pr imary importance is  f o r  accurate ly  measuring the e le c t r i c a l  
r e s i s t i v i t y  o f th i c k  beds, and the re fo re  i t s  use in  s i t e  
ch a ra c te r iza t io n  is  l im i te d .

1 .3 .2 .2  Focused r e s i s t i v i t y . These devices focus the
e le c t r i c a l  curren t  in to  a narrow zone. The e f fe c ts  of
d r i l l i n g  f l u i d  and adjacent formations are s i g n i f i c a n t l y
less than in normal or la te ra l  logging. Focused r e s i s t i v i t y
al lows d e l in e a t io n  of the beds and can be used with  low
r e s i s t i v i t y  d r i l l i n g  f l u i d s ,  such as br ines. f l j l
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! •
The Latero log system is  b a s ica l ly  s im i la r  to the normal method, 
except guard e lect rodes above and below P, and C, are main­
tained a t the same po ten t ia l  as P, by a current contro l  system. 
This causes the cu r ren t  to f low l a t e r a l l y  in to  the formation
f o r  a d is tance of about three times the length of the guard
e lec t rode.

Induct ion logging requi res no elect rodes or current f low from 
the probe to  the rock formation. Instead, a t ra n sm i t te r  co i l  
i s  ac t iva ted  by a constant a l te rn a t in g  current from an o s c i l ­
l a t o r .  The a l t e rn a t in g  magnetic f i e l d  created by the t ra n s ­
m i t t e r  co i l  on the probe induces eddy currents  in  the rock
formations. These eddy currents  have t h e i r  own magnetic f i e ld s  
which induce a voltage in  the rece iver  c o i l .  Accord ingly,  the 
vo ltage induced in  the rece ive r  co i l  and recorded by a galvano­
meter on the surface is  propor t ional  to  the conduc t iv i ty  
( ra th e r  than the r e s i s t i v i t y )  o f  the surrounding rock.

The induc t ion  log has a penetra t ion o f about 1.5 times the 
spacing o f  the t r a n s m i t te r  and rece iver .  I t  may be used in  
dry holes where o ther  e le c t r i c a l  methods are not su i tab le .

1.4 Data i n t e r p r e t a t i o n .

The i n t e r p r e ta t io n  of e le c t r i c a l  borehole logs requires consider­
able experience and judgment. The in te rp re ta t io n  genera l ly  w i l l  
be more r e l i a b le  when the re su l ts  o f logging with  several d i f f e r e n t  
types o f probes are considered together ,  and when redundant data 
have been obtained. The f i r s t  step in the in te rp re ta t io n  is  to 
make any necessary co r rec t ions  to the probe readings fo r  borehole 
diameter and f o r  d r i l l  f l u i d  c h a r a c t e r i s t i e s ; t h i s  is  done with 
co r re c t io n  charts  tha t  are s p e c i f i c  to each type of probe. The 
various logs from several boreholes may then be compared and 
cornelated.

1.5 References.

1.5.1 Dresser A t la s ,  1971, Log Review 1: Review of Well Logging 
P r i n c ip l e s , Dresser A t la s ,  I n c . ,  Houston, Texas.

1.5.2 ISRM Commission in  Standardizat ion o f Laboratory and F ie ld  
T e s t in g , 1981, "Suggested Methods fo r  Geophysical Logging o f Bore­
ho les" ,  I n t .  J. Rock Mech. Min. Sci.  and Geomech. A b s t r . , 18,
No. 1.

1.5.3 Moran, J.H. and Kunz, K.S. , 1962, "Basic Theory of Induct ion 
Loggi ng" , Geophys ics , 27.

1 .5.4 P irson, S.J. , 1963, Handbook o f Wei 1 Log Ana lys is  f o r  Oil 
and Gas Formation Eva lua t ion , Prentice-Hal 1, E'ngfe'wood C l i f f s , N . J .

1.5.5 Schl umberger, 1972a, Log In te rp re ta t io n ,  Vol. I .  P r inc ip les ,  
Schlumberger, I n c . ,  New York.

1.5.6 Schlumberger, 1972b, Log In te rp re ta t io n  Charts, Schlumberger, 
I n c . , New York.
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1.5.7 Schl umberger, 1974, Log I n te rp re ta t i o n ,  Vol. I I ,  AppUca-
t i o n s , Schl umberger. I n c . ,  New York.

1 .5 .8  S h e r i f f ,  R.E.,  1970, "Glossary o f  Terms Used in  Well
Logging", Geophysics, 35.

1 .5 .9  T e l fo rd ,  W.M., Geldast, L .P . ,  S h e r i f f ,  R.E.,  and Keys, D .A . ,
1976, Applied Geophysics, Cambridge U n ive rs i t y  Press, Cambridge.

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing  the 
Technicians and Test Superv isor,  sha l l  be fo rma l ly  p requa l i f ied  
under the Qua l i ty  Assurance procedures establ ished as part  o f  
the ove ra l l  t e s t in g  program. I f  the logging is  done by a 
spec ia l ty  o rg an iza t ion ,  the organ iza t ion  shal l  be p re qu a l i f ie d  
as determined by Qua l i ty  Assurance procedures f o r  evaluat ing 
subcontractors.
2.2 Equipment performance v e r i f i c a t i o n .

The compliance of a l l  equipment and apparatus w i th  the manufac­
tu r e ' s  s p e c i f i c a t io n s  sha l l  be v e r i f i e d .  Performance v e r i f i c a ­
t i o n  is  genera l ly  done by c a l i b r a t i n g  the equipment and measure­
ment systems. C a l ib ra t io n  and documentation sha l l  be accomplished 
according to  standard Qua l i ty  Assurance procedures.

2.3 Test program es tab l ished .

2.3 .1 . Number o f  boreholes. The number o f  boreholes w i l l  
depend on the size of the p ro jec t  and complexity o f the geo­
logy, i f  known. The program should be f l e x i b l e  enough to 
a l low f o r  add i t iona l  holes in  complex s t ru c tu re s ,  as they 
are i d e n t i f i e d .

2 .3 .2  Types o f  logs . The type of logging device w i l l  
depend on the composition and th ickness o f  the formations, 
and the requirements of the in v e s t ig a t io n .  Both r e s i s t i v i t y  
and spontaneous po ten t ia l  logs should be run in each bore­
hole to provide redundant data.

2.4 Boreholes.

2.4.1 C a l ib ra t io n  ho le . At least  one borehole should be 
cored cont inuously and the rock core logged. This w i l l  
a l low c o r r e la t io n  o f  rock formations and e le c t r i c a l  pro­
p e r t ie s .  I f  one borehole cannot penetrate a l l  the mater ia ls  
at the s i t e ,  cor ing o f several boreholes may be required.

2.4.2 D r i l l i n g  methods. Boreholes other  than c a l ib ra t io n  
holes may be ro ta ry  d r i l l e d  w i th  non-coring b i t s ,  or percus­
sion d r i l l e d .

2.4.3 Uncased boreholes. E le c t r i c  logs require  tha t  the 
boreholes be uncased over the sect ions tha t  w i l l  be tested.
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! • 2.4 .4  Diameter. A l l  boreholes in the program should be 
the same diameter so th a t  the e f fe c ts  o f diameter are con­
s is te n t  on a l l  e l e c t r i c  logs.

2.5 D r i 11 f 1u id .

The res is tance o f the f l u i d  in  the boreholes may have to be 
"cond i t ioned" f o r  a p a r t i c u l a r  type of probe. In general,  water 
based d r i l l i n g  mud i s  s u f f i c i e n t l y  conduct ive fo r  e le c t r i c  
logging. The f l u i d  should be c i rcu la te d  in  the borehole immedi­
a te ly  p r i o r  to t e s t in g  to  provide un i fo rm i ty .  The same f l u i d  
should be used in  a l l  boreholes.

2.6 E lec trodes.

2.6.1 Surface. The surface e lectrode should be wel l grounded. 
This is  genera l ly  accomplished by placing i t  in the mud p i t  or 
in a hole f i l l e d  w ith  d r i l l i n g  f l u i d .

2 .6 .2  Composit ion. A l l  e lect rodes must be made of stable 
metals,  such as oxidized lead, to  avoid b im e ta l l i c  corrosion.

3.0 Procedures

3.1 Logging

Logging should be conducted from the bottom o f  the hole toward 
the top. The ra te  o f ascent should be constant,  and is  gener­
al ly  between 10 and 50 f t  per minute (3 to 15.25 m per minute).

3.2 Repeat logg ing .

In order to v e r i f y  the data, a 30- to 100- f t  (9.2 to 30.5 m) 
sect ion should be logged a second t ime, l a t e r  in the program.

3.3 Documentation.

The data shown on Form GT-8.1-1 shal l  be recorded fo r  each 
logging run.

4.0 Reporting

The purpose of t h i s  sect ion is  to  es tab l ish  the minimum requirements 
f o r  a complete and usable repor t .  Fur ther d e ta i l s  may be added as 
approp r ia te ,  and the order of items may be changed i f  necessary. 
App l ica t ions  of the te s t  resu l ts  are beyond the scope of th is  proce­
dure, but may be an in teg ra l  par t  o f  some te s t in g  programs. In tha t  
case, an app l ica t ions  sect ion compatible w ith  the format described 
below should be included. Since some wel l  logging equipment and 
techniques are p ro p r ie ta ry ,  complete documentation of these aspects 
may not be poss ib le .

4.1 In t roduc to ry  sect ion o f the re p o r t .

The in t ro du c to ry  sect ion is  intended to present the scope and 
purpose of the logging program.

i . 1 - 1 1



4.1.1 Number and c h a ra c te r i s t ie s  o f  boreholes. The borehole 
loca t ions ,  lengths, diameters, i n c l i n a t i o n s ,  and d i re c t io n s  
sha l l  be presented. The c h a ra c te r i s t i c s  of the d r i l l i n g  f l u i d  
and loca t io n  of any casing sha l l  also be l i s t e d .  A tabu la r  
presenta t ion is  recommended.

4.1.2 Rat ionale f o r  se lec t ion  o f logging method. The reasons 
f o r  se lec t ing  the types o f  logs used sha l l  be discussed.

4 .1 .3  L im i ta t io n s  o f  the logging program. The areas o f  i n te re s t  
which are not covered by the logging program and the l im i t a t i o n s  
o f  the data w i t h in  the areas o f  a p p l i ca t io n  sha l l  be discussed in 
general terms.

4.2 Logging method.

4 .2 .1  Equipment and apparatus. A de ta i led  l i s t i n g  o f the equip­
ment a c tu a l l y  used f o r  logging sha l l  be included in  the repor t .
The name, model number, and basic s p e c i f i c a t io n s  o f  each major 
piece sha l l  be l i s t e d .

4.2 .2  Procedure. The procedure a c tu a l l y  used f o r  logging sha l l  
be l i s t e d  in  de ta i led  steps.

4 .2 .3  Correc t ions . Any co r rec t io n  fac to rs  appl ied to  the 
measured values shal l  be f u l l y  explained.

4.3 Resu l ts .

4.3.1 C or re la t ion  o f rock types and e le c t r i c a l  p ro p e r t ie s . The 
c o r re la t i o n  logs obtained in  the cored boreholes sha l l  b e p resen ted , 
and the re la t io n s h ip s  between rock type and e le c t r i c a l  p roper t ies  
s h a l1 be di scussed.

4 .3 .2  C or re la t ion  between boreholes. The s t ra t ig raphy  and s t r u c ­
tu re  between boreholes sha l l  be presented in  a graphic form. 
A l te rn a te  in te rp re ta t io n s  sha l l  be discussed.

4.4 Appended data.

4.4.1 Logs. Copies o f  a l l  e l e c t r i c  logs shal l  be included in
an appendix.

4 .4 .2  Data forms. Copies o f data Form GT-B.1-1 f o r  each log 
sh a l1 be included in  an appendix.

5.0 Qua l i ty  Assurance

The fo l lo w ing  items are the minimum requirements to  ensure tha t  the 
logging re s u l t s  are defendable and t raceab le .  I t  is  not the in te n t  
o f t h i s  sect ion to es tab l ish  Qua l i ty  Assurance procedures, but to
i d e n t i f y  those po in ts  dur ing the te s t  at which Qua l i t y  Assurance
ac t ion  is  requi red.

5.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  t e s t i n g ,  a l l  personnel sha l l  be p re qu a l i f ie d  as described 
in  Section 2.1.
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5.2 Test Inspect ion .

Qual i ty  Assurance personnel sha l l  review the te s t  setup, procedure, 
and equipment performance v e r i f i c a t i o n .  A f te r  t e s t in g ,  the com­
pleted Form GT-B.1-1 sha l l  be reviewed, and signed o f f  only i f  
co r rec t .

5.3 Required documentation.

5.3.1 Equipment performance v e r i f i c a t i o n . Qual i ty Assurance shal l 
maintain complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

5.3.2 Equipment se r ia l  numbers. Qual i ty  Assurance shal l  v e r i f y  
tha t  se r ia l  numbers of a l l  equipment used in  the te s t  are 
recorded on Form GT-B.1-1.

5.3.3 Test s i g n - o f f . Qua l i ty  Assurance shal l  maintain signed- 
o f f  copies o f Form GT-B.1-1.

5.3 .4  Logs. Qua l i t y  Assurance shal l  maintain copies of a l l  
e l e c t r i c  logs.
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E le c t r i c  Logging o f  Boreholes 
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Procedure GT-B.2

Guidel ines f o r  Acoustic 
Logging o f Boreholes

1.0 General

1.1 Scope.

1.1.1 Object ive o f t h i s  g u id e l in e . The ob jec t ive  o f th is  
gu ide l ine  i s  to present an overview o f  the acoust ic logging 
method and to  provide a degree o f s tandard izat ion of the method. 
Acoust ic logging i s  o ften  performed by s p e c ia l i s t  o rgan izat ions, 
each o f which may use s l i g h t l y  d i f f e r e n t  techniques or equipment. 
Some types o f  probes and data reduct ion algori thms are p ropr ie ta ry .  
The adequacy o f  p a r t i c u la r  techniques used by s p e c ia l i s t  organiza­
t ions  w i l l  requ i re  review on a p ro jec t  by p ro jec t  basis.

1.1.2 A p p l ica t ion  o f the method. Acoust ic logging measures the 
t rave l  t ime of u l t r a s o n ic  waves through the rock adjacent to  the 
borehole. The pr imary a p p l i ca t io n  to  rock mechanics i s  as a 
c o r re la t io n  technique between boreholes to evaluate the s t ruc tu re  
at the s i t e .  In hydrolog ic s tud ies ,  acoust ic logging is  an 
important too l  f o r  measuring the in s i tu  poros i ty  o f rock, because 
poros i ty  i s  one o f the primary fac to rs  determining wave v e lo c i ty .
I f  both compressional and shear wave v e lo c i t i e s  are measured,
the dynamic e la s t i c  constants o f the rock may be evaluated.

1.1.3 L im i t a t io n s . Results from convent ional acoust ic logging 
are f requen t ly  un re l iab le  in  dry boreholes.

1.2 Descr ip t ion  of the method.

A probe is  lowered to  the bottom of a borehole. I t  is  raised at 
a uniform ra te .  P e r io d ic a l l y ,  a sonic pulse is  generated, and the 
t rave l  t ime o f the pulse through the formation is  measured. A 
p r o f i l e  of the t rave l  times through a geologic sect ion is  obtained;
an example p r o f i l e  is  shown in Figure 1.1.

1.3 Theoret ica l  Background.

An acoust ic  wave which is  generated by a t ra n sm i t te r  in the probe
t ra ve ls  to  the borehole w a l l ,  where i t  is  re fracted in to  the rock
formation, t r a v e l s  through the rock, and is  re fracted back in to  
the rece ive r .  The wave propagation is  shown on Figure 1.2.

I t  may be seen th a t  the t rave l  t ime o f an acoust ic wave is
inf luenced by materia l  p roper t ies  and geometry o f the boreholes, 
f l u i d ,  and probe. I r r e g u l a r i t i e s  in the borehole diameter,  v a r i ­
able center ing of the probe in the hole, and mud bu i ld -up on the 
borehole wal l  are common problems. The e f fec ts  o f these fac to rs  
are minimized by design of the probe. Two or more receivers are 
sometimes used to  e l im ina te  e f fe c t s  opposite the t ransm i t te rs .
This co n f igu ra t io n  is  shown on Figure 1.3a..  The t rave l  t ime is
the d i f fe rence  in  a r r i v a l  times at the two receivers. Receiver 
spacing i s  genera l ly  1 to  3 f t  (0.3 to 0.9 m) fo r  rock mechanics
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work. To e l im ina te  e f fe c ts  opposite the rece ivers ,  the borehole 
compensated sonic log i s  used, as shown on Figure 1.3b. The 
t ra n sm i t te rs  are pulsed a l t e r n a te l y ,  and the t rave l  t ime of the 
wave generated by T^ i s  measured by the d i f fe rence  in a r r iv a l  
times at R2  and R^, and the t rave l  time of the wave generated 
by T2  is  measured by the d i f fe re nce  in a r r i v a l  times at R^ and 
Rj .̂ The v e lo c i t y  i s  ca lcu la ted  from the average t rave l  t ime.

1.4 References.

1.4.1 Geyer, R.L. and Myung, J . I . ,  1971, "The 3-D Ve loc i ty  Log:
A Tool f o r  In S i tu  Determinat ion o f the E la s t i c  Moduli of  Rocks", 
Proc. 12th Sym. Rock Mech., AIME, New York.

1.4.2 ISRM Commission on Standardizat ion o f  Laboratory and F ie ld  
Tests, 1981, "Suggested Methods fo r  Geophysical Logging of Bore­
ho les ,"  I n t .  J. Rock Mech. Min. Sci.  and Geomech. A b s t r . ,  18,
No. 1.

1 .4.3 Schl umberger, 1972a, Log In te rp re ta t io n :  Vol. I ,  P r in c ip le s ,
Schlumberger, I n c . ,  New York.

1.4.4 Schl umberger, 1972b, Log In te rp re ta t io n  Charts, Schlumberger, 
I n c . , New York.

1.4.5 Schl umberger, 1974, Log In te rp re ta t io n :  Vol. I I ,  App l ica­
t io n s  , Schlumberger. I n c . ,  New York.

1.4 . 6  Society o f  Professional Well Log Analysts, 1978, Acoust ic 
Logging: SPULA Repr int Volume, SPWLA, Houston, Texas.

1.4.7 T e l fo rd ,  W.M., Geldar t ,  L.P. S h e r i f f ,  R.E., and Keys, D .A . , 
1975, Applied Geophysics, Cambridge Unive rs i ty  Press, Cambridge.

1.4 . 8  T i x i e r ,  M.P. , Loveless, G.W., and Anderson, R .A . , 1975, 
Est imation of Formation Strength from the Mechanical Propert ies 
Log", J .Pet .  Tech . , 27.

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing the 
Technicians and Test Supervisor,  sha l l  be fo rmal ly  p requa l i f ied  
under the Qua l i ty  Assurance procedures establ ished as part  of  
the ove ra l l  t e s t i n g  program. I f  the logging is  done by a 
s p e c ia l i s t  o rgan iza t ion ,  the organ izat ion shal l  be p requa l i f ied  
as determined by Qua l i ty  Assurance procedures fo r  evaluat ing 
subcontractors.

2.2 Equipment performance v e r i f i c a t i o n .

The compliance o f a l l  equipment and apparatus with the manufac­
t u r e r ' s  s p e c i f i c a t io n s  shal l  be v e r i f i e d .  Performance v e r i f i c a ­
t io n  is  genera l ly  done by c a l i b r a t i n g  the equipment and measure­
ment systems. C a l ib ra t io n  and documentation shal l  be accomplished 
according to  Standard Qual i ty  Assurance procedures.
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2.3 Test program e s tab l ished .

The number o f boreholes w i l l  depend on the size o f the p ro jec t  
and complexity of the geology, i f  known. S u f f i c i e n t  f l e x i b i l i t y
should be allowed f o r  add i t iona l  borings in complex s t ruc tu res  as
they are i d e n t i f i e d .

2.4 Boreholes.

2.4.1 C a l ib ra t io n  ho le . At leas t  one borehole should be cored 
cont inuously  and the rock core logged. This w i l l  al low c o r re la ­
t i o n  of rock formations and acoust ic p rope r t ies .  I f  one bore­
hole cannot penet rate a l l  the mater ia ls  at the s i t e ,  cor ing of 
several boreholes may be requi red.

2 .4 .2  D r i l l i n g  methods. Boreholes o ther  than c a l i b r a t i o n  holes 
may be percussion d r i l l e d  or ro ta ry  d r i l l e d  w i th  non-coring b i t s .

2.4.3 Uncased boreholes. Acoust ic logs require  tha t  the bore- 
holes be uncased over the sect ions tha t  w i l l  be tested.

2.4.4 Borehole diameter. A l l  boreholes in  the program should be 
the same diameter i f  poss ib le ,  so tha t  the e f fe c t s  o f diameter
are cons is ten t  on a l l  acoust ic  logs.

2.5 Dri 11 f l  u id .

The same d r i l l  f l u i d  should be used in  a l l  boreholes i f  possib le.

3.0 Procedures

3.1 Logging.

Logging should be conducted from the bottom of the hole toward 
the top. The ra te  o f ascent should be constant,  and is  genera l ly  
between 10 and 20 f t  per minute (3 to 6.1 m per minute).

3.2 Documentation.

The data shown on Form GT-B.2-1 sha l l  be recorded f o r  each 
logging run.

4.0 Reporting

The purpose o f t h i s  sect ion i s  to  es tab l ish  the minimum requirements 
f o r  a complete and usable repor t .  Fur ther  d e ta i l s  may be added as 
appropr ia te ,  and the order  o f  items may be changed i f  necessary. 
App l ica t ions  o f  the te s t  re su l ts  are beyond the scope of t h i s  pro­
cedure, but may be an in te g ra l  par t  o f  some te s t in g  programs.
In tha t  case, an app l ica t ions  sect ion compatible w ith  the format 
described below should be included.

Since some wel l  logging equipment and techniques by s p e c ia l i s t  groups 
are p ro p r ie ta ry ,  complete documentation of these aspects may not be 
poss ib le .

4.1 In t roduc to ry  sect ion of the re p o r t .

The in t ro du c to ry  sect ion is  intended to present the scope and 
purpose of the logging program.
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4.1.1 Number and c h a ra c te r is t ie s  o f boreholes. The borehole 
loca t ions ,  lengths, diameters, i n c l i n a t io n s  and d i r e c t io n ,  shal l  
be presented. The ch a ra c te r is t ie s  o f the d r i l l i n g  f l u i d  and 
loca t ion  o f  any casing sha l l  also be l i s t e d .  A tabu la r  presenta­
t io n  is  recommended.

4 .1 .2  Rat ionale f o r  borehole lo ca t io n s . The reasons fo r  
se lec t ing  the borehole locat ions shal l  be discussed.

4.1.3 L im i ta t io n s  o f the logging program. The areas o f i n te re s t  
which are not covered by the logging program and the l im i ta t i o n s  
of the data w i th in  the areas o f  app l ica t ion  shal l  be discussed
in general terms.

4.2 Logging method.

4.2.1 Equipment and apparatus. A de ta i led  l i s t i n g  of the equip- 
ment a c tu a l l y  used f o r  logging sha l l  be included in  the report .
The name, model number, and basic s p e c i f ica t io n s  o f each major
pi ece sh a l 1 be 1 i sted.

4 .2 .2  Procedure. The procedure a c tua l ly  used fo r  logging shal l  
be l i s t e d  in  de ta i led  steps.

4 .2 .3  Correc t ions . Any co r rec t ion  fac to rs  appl ied to the 
measured values sha l l  be f u l l y  explained.

4.3 Resu l ts .

4 .3.1 C or re la t ion  of rock types and acoust ic p rope r t ies . The 
c o r re la t io n  logs obtained in  the cored boreholes shal l  be pre­
sented, and the re la t io n sh ip s  between rock type and acoust ic 
v e lo c i t i e s  discussed.

4 .3 .2  C or re la t ion  between boreholes. The s t ra t ig raphy  and 
s t ru c tu re  between boreholes sha l l  be presented in a graphic 
form. A l te rn a te  in te rp re ta t io n s  shal l  be discussed.

4.4 Appended data.

4 .4.1 Logs. Copies of a l l  acoust ic logs shal l  be included in
an appendix.

4.4.2 Data forms. Copies of data Form GT-B.2-1 fo r  each log 
sha l 1 be included in  an appendix.

5.0 Qua l i ty  Assurance

The fo l low ing  items are the minimum requirements to ensure tha t  the 
logging re su l ts  are defendable and t raceable . I t  is  not the in ten t  
of t h i s  sect ion to  es tab l ish  Qual i ty  Assurance procedures, but to
i d e n t i f y  those po in ts  during the te s t  at which Qual i ty  Assurance
ac t ion  is  required.

5.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to t e s t i n g ,  a l l  personnel sha l l  be p requa l i f ied  as described 
in  Sect ion 2.1.
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5.2 Test Inspect ion. •I
Qual i ty  Assurance personnel sha l l  review the te s t  setup, procedure, 
and equipment performance v e r i f i c a t i o n .  A f te r  te s t i n g ,  the completed 
Form GT-B.2-1 sha l l  be reviewed and signed o f f  only i f  co r rec t .

5.3 Required documentation.

5.3.1 Equipment performance v e r i f i c a t i o n . Qua l i t y  Assurance shal l  
maintain complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

5.3.2 Equipment se r ia l  numbers. Qua l i ty  Assurance shal l  v e r i f y  
tha t  se r ia l  numbers o f  a l l  equipment used in the te s t  are 
recorded on Form GT-B.2-1.

5.3 .3  Test s i g n - o f f . Qua l i ty  Assurance shal l  maintain s igned-o f f  
copies o f  Form GT-6 . 2 - 1 .

5 .3.4 Logs. Qua l i ty  Assurance sha l l  maintain copies o f a l l  
acoust ic logs.

•I
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t o
Procedure GT-C.1

In S i tu  Stress Determinat ion by Overcoring the 
USBM Borehole Deformation Gage

1.0 Background

1.1 Scope.

1.1.1 Object ive o f t h i s  t e s t . The pr imary ob jec t ive  of t h i s  
t e s t  is  to  determine the e x is t in g  stresses in a rock mass. E i the r  
undisturbed stresses or  the stresses as inf luenced by an excava­
t i o n  may be determined. This procedure i s  w r i t te n  assuming

- te s t in g  w i l l  be done from an underground a d i t ;  however, the 
same p r in c ip le s  may be appl ied to  te s t in g  in  a rock outcrop at 
the surface.

1.1.2 L im i ta t io n s .

1 . 1 .2 .1  This t e s t  i s  genera l ly  performed -at depths w i th in  
50 f t  (15.25 m) o f  the working face because of d r i l l i n g  
d i f f i c u l t i e s  at g rea te r  depths. Some deeper te s t in g  has 
been done, but should be considered developmental.

1 .1 .2 .2 .  This t e s t  is  d i f f i c u l t  in rock w ith  f rac tu re  
spacings o f  less than 8  in .  (20 cm). A large number of 
te s ts  may be required in  order  to  obtain adequate data.

1.2 General d e sc r ip t io n  of the t e s t .

The overcore t e s t  measures the diametral  deformation of a smal l -  
diameter borehole as i t  i s  removed from the surrounding stress 
f i e l d  by c o a x ia l l y  cor ing  a la rg e r  diameter hole. Deformation 
is  measured across th ree diameters o f  the small hole, spaced 
60° apar t ,  using a deformation gage developed by the U.S. Bureau 
of Mines (USBM Gage). With knowledge of the rock deformation 
modul i ,  the measured borehole deformation can be re lated to  the 
change in  s t ress .  This change in  stress is  assumed to  be numeri­
c a l l y  equal,  al though opposite in  sense, to  the stresses e x is t in g  
in  the parent rock mass. Deformation measurements from three 
non-para l le l  boreholes, toge ther  w ith  rock deformation modul i , 
a l low c a lc u la t io n  o f the complete three-dimensional sta te  
of s tress in  the rock mass.

1.3 Data reduc t ion .

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  Deformation - change in  dimension of the borehole 
due to  change in  s t ress.

1 .3 .1 .2  In s i t u  s tress - the stress leve ls  e x is t in g  in  
the rock mass before excavat ion.

1 .3 .1 .3  Stress - fo rce  per u n i t  area.

1.3.2 Equations.

1.3 .2 .1  Secondary p r in c ip a l  stresses. The secondary 
p r in c ip a l  stresses are the two-dimensional p r inc ipa l  
stresses in the plane perpendicular  to  the axis o f the 
overcor ing borehole. Since the overcoring technique
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w ith  the USBM Gage does not measure rock deformation along 
the axis  o f  the borehole, an exact c a lc u la t io n  of the secon­
dary p r in c ip a l  stresses i s  not possib le unless some add i ­
t io n a l  data i s  obtained regarding e i t h e r  ax ia l  deformation 
or ax ia l  s t ress .  I f  the s im p l i f y in g  assumption th a t  zero 
s t ress  e x is ts  along the axis o f the borehole i s  made, 
then the secondary stresses can be ca lcu la ted using a plane 
s t ress  so lu t io n .  This s o lu t io n ,  al though not exact,  resu l ts  
in  an e r r o r  o f less than about 1 0 %.

For th ree  diametral  deformations measured 50® apart in 
a borehole,  the secondary stresses are ca lcu la ted  using 
the fo l lo w ing  equations f o r  a 60° deformation rose t te :

^ " I d  (^ 2 - ^ 1 ) ^ ] ^ " ' ^ }  ( 1 )

 ̂ " I d  + (^3-^2)^ + (2)

1  ^ _ i ^ ( U 3 - U 2 )
®p " I  2 U1 -U3 -U2

where:
P = major secondary p r in c ip a l  s tress

Q = minor secondary p r in c ip a l  s tress perpendicu lar
to P

E = modulus o f  deformation of the rock

d = borehole diameter

Û. = diametral  defoi'mation across diameter 1, 2, or 3

e = o r ie n ta t io n  o f  major secondary p r in c ip a l  s t ress ,
^ measured counterclockwise from U. to  P. Also,

i f  U, + U-5 > 2U,, then = e„ + 90°, and i f2 3 1 p p
U^ < U2  and U2  + U2  < 2 U p  then ®p = 9p "*■ 180°.

Figure 1.1 i l l u s t r a t e s  the re la t io n s h ip  between the o r ie n ta ­
t io n s  o f  the deformations, U.,  and the o r ie n ta t io n  of the 
major secondary s t ress ,  P. The minor secondary s t ress ,  Q, 
acts at 90° to  P.

1 .3 .2 .2  Three-dimensional p r in c ip a l  stresses. At any 
po in t  in  the rock mass, the three-dimensional s ta te  o f  st ress 
i s  f u l l y  defined by a to ta l  o f  s ix  independent stress 
components (s tress tenso r ) .  These are the three orthogonal 
components of normal s t re ss ,  a a and , and the three 
components o f shear s t ress ,  x , x , x . I f  a local 
(1 ,2 ,3 )  coordinate  system i s  defin-^o at an overcore te s t  
loca t io n  such th a t  acts along the axis o f  the borehole, 
then components x ^ ^ 2  ®nd act p a ra l le l  to  the axis o f  the 
borehole and, thus, have n e g l ig ib le  e f f e c t  on the diametral
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FIG. 1.1 ORIENTATIONS OF DEFORMATIONS AND 
SECONDARY PRINCIPAL STRESSES.
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deformation o f the borehole. The change in the diameter o f • 8
the borehole i s ,  th e re fo re ,  a func t ion  o f  the three s tress 
components a , ,  and ac t ing  perpendicular  to the 
borehole ax is ana the component 0 2  ac t ing  p a ra l le l  to  the 
borehole ax is .

Using the plane s t r a in  cond i t ion  o f  the theory o f  e las ­
t i c i t y  ( i . e . ,  £ 2  = 0 ) ,  Panek (1966) solves fo r  the borehole 
deformation caused by and The e f fe c t  o f cr
on the diametral  deformation is  then superimposed on t n i s  
s o lu t io n .  The to ta l  change in  borehole diameter, U, may 
be expressed as:

U = a^^f^ + 02f2 + 03f3 + T^3f4 (4)

wh 6  P 6  •

f^  = d ( l  + 2cos 2 0 ) ( 1  - y ^ ) / E  + dy^/E (5a)

f 2  = -dy/E (5b)
f 3  = d ( I  - 2cos 2 e ) ( l  -  y^)/E  + dy^/E (Sc)

f ^  = d(4 s in  2 e ) ( l  - y ^ ) / E  (5d)

and where:

d = diameter o f borehole

0  = angle of the diametral measurement ax is from the 
hor izon ta l  o f  the local coordinate system

y = Poisson's r a t i o  o f the rock

E = modulus o f deformation o f  the rock.

Each overcore te s t  measures the borehole deformation, 
across th ree  d i f f e r e n t  diameters 60° apart .  However, no 
in fo rmat ion  i s  obtained about e i t h e r  0 2  or £ 2  ac t ing pe r ­
pend icu la r  to  the axis of measurement. Thus, Equation 4 
cannot be solved f o r  the s tress components unless add i t iona l  
in fo rmat ion  is  obtained or assumed. Tests in d i f f e r e n t l y  
or ien ted  boreholes provide t h i s  in fo rmat ion .

When determinat ions o f U are made in more than one d r i l l  
ho le , a l l  of  the measurements must be re la ted to  a common 
coordinate  system. Each s tress component of the local 
coord inate  system may be expressed as a func t ion  of the 
s tress tensor o f the common ( x , y , z )  system according to  the 
standard rules o f t ransforming stresses from one rectangu­
la r  coordinate  system to  another. Doing t h i s  allows 
Equation 4 to  be re w r i t te n :

U =J iax  + '^zoy + Ja^z ^ ^^4^xy ^ ^ S ^ z  ^ ^ 6 ^zx ^
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where J. i s  a func t ion  o f the f^ def ined in  Equations 
5a-d ani the d i re c t io n  cosines between the two coordinate 
systems.
With s ix  independent measurements o f U, the components 
of the s tress tensor can be determined. Gray and Toews 
(1967) have shown th a t  measurements in  at leas t  three 
non-pa ra l le l  boreholes are required to  f u l l y  def ine t h i s  
tensor.  In p ra c t i c e ,  the prec is ion o f  the s tress compo­
nent determinat ion i s  increased by applying s t a t i s t i c a l  
methods to the data. The method genera l ly  used is  a leas t  
squares so lu t io n  t h a t  combines a l l  the deformation measure­
ments from any number of boreholes regardless o f  t h e i r  
o r ie n ta t io n .

Once the s tress tensor is  determined, the p r inc ipa l  stresses 
in the rock mass are ca lcu la ted using standard methods.
The s t a t i s t i c a l  approach to  the data reduct ion allows 
conf idence leve ls  to  be assigned to  the resu l ts .

1.3.3 Assumptions.

1 .3 .3 .1  The rock tes ted i s  homogeneous, is o t ro p ic  and 
l i n e a r l y  e la s t i c .

1 .3 .3 . 2  The rock surrounding the te s t  a d i t  is e la s t i c ,  
tha t  i s ,  i t  responds to  s tress changes instantaneously 
and the deformations are f u l l y  recoverable.

1 .3 .3 .3  The physical condi t ions present in three separate 
d r i l l  holes describe the same poin t in space. This assump­
t i o n  i s  d i f f i c u l t  to  v e r i f y ,  as rock material  propert ies 
and the local s tress f i e l d  can vary s i g n i f i c a n t l y  over 
short  d is tances.  The key to  s a t i s f y in g  t h i s  assumption
is  in  care fu l  t e s t  s i t e  se lec t ion .

1.4 References.

1.4.1 Gray, W. M. and Toews, N. A .,  1967, "Analysis o f 
Accuracy in  the Determinat ion o f Ground-Stress Tensor by 
Means of Borehole Devices",  Status of Pract ica l  Rock Mechanics, 
Proceeding of the Ninth Symposium on Rock Mechanics, Golden,
Colorado.

1.4.2 Hooker, V.E. , Aggson, J.R. , and B icke l ,  D.L .,  1974, 
Improvements in  the Three-Component Borehole Deformation Gage 
and Overcoring Techniques, Report of Inves t iga t ions  7894,
U.S. Bureau of Mines, Washington, D.C.

1.4.3 Hooker, V.E. and B icke l ,  D .L . ,  1974, Overcoring Equip­
ment and Techniques Used in  Rock Stress Determinat ion, Information 
C i r c u la r  8618, U.S. Bureau of Mines, Washington, D.C.

1.4.4 Panek, L.A. , 1966, Ca lcu la t ion  of the Average Ground 
Stress Components from Measurement of the Diametral Deformation 
of a D r i l 1 Hole , Report of Inves t iga t ions  6732, U.S. Bureau of 
Mines, Washington, D.C.

C.1-5



2.0 Prerequ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

2.1.1 Test personnel. A l l  personnel involved in  performing 
the t e s t ,  inc lu d in g  the Technicians and Test Supervisor,  sha l l  
be fo rm a l ly  p re q u a l i f ie d  under the Qua l i ty  Assurance procedures 
establ ished as par t  o f  the ove ra l l  t e s t i n g  program.

2.1.2 D r i l l i n g  personnel. Qua l i t y  d r i l l i n g  i s  important to  
achievement o f successful  overcore te s t s .  The d r i l l i n g  personnel 
shal l  be f a m i l i a r  w i t h ,  and have had experience in ,  diamond core 
d r i l l i n g  underground.

2.2 Equipment performance v e r i f i c a t i o n  and c a l i b r a t i o n .

The compliance o f a l l  equipment and apparatus w ith  the perform­
ance s p e c i f i c a t io n s  in  Sect ion 3.0 o f t h i s  procedure shal l  be 
v e r i f i e d .  I f  no requirements are sta ted in Sect ion 3.0, the 
manufacturer 's s p e c i f i c a t io n s  f o r  the equipment shal l  be the 
required level  o f performance. Performance v e r i f i c a t i o n  is  
genera l ly  accomplished by c a l i b r a t i o n  o f  the equipment and 
measurement systems. C a l ib ra t io n  and documentation shal l  be 
accomplished according to  standard Qua l i ty  Assurance procedures.

2.3 C r i t e r i a  f o r  t e s t  s i t e  s e le c t io n .

2.3.1 Number o f boreholes. A minimum o f  three boreholes are 
required to  determine the complete s tress tensor.  They should 
be or iented so th a t  each forms an angle of about 60° to 70° 
w i th  the o ther  two. Boreholes inc l in ed  upward are genera l ly  
eas ie r  to work in  than holes inc l in ed  downward, p a r t i c u l a r l y  
in  f rac tu red  rock. Two boreholes inc l in ed  about 5° above 
hor izon ta l  and one in c l in e d  about 70° above hor izonta l  have 
been found to  be the most workable arrangement.

More than th ree boreholes are recommended at each te s t  s ta t io n  
to improve the accuracy o f  the s tress determinat ion. The o r ie n ­
t a t i o n  o f  a d d i t iona l  boreholes should also be at 60° to  70° to 
the o ther  boreholes.

2 .3 .2  S im i la r  rock fo rmat ions . D i f fe re n t  rock formations have 
d i f f e r e n t  mechanical p roper t ies  and, hence, d i f f e r e n t  a b i l i t i e s  
to t ransm i t  s t ress .  Therefore, to  s a t i s f y  the assumptions 
required by the data reduct ion ,  a l l  boreholes at a s ing le  te s t  
s ta t io n  should be in  the same formation. I f  the te s t  a d i t  
penetrates two or more rock types, f o r  example a dolomite and
a sandstone, a group o f  at leas t  three boreholes should be 
tested in  each formation.

2 .3 .3  In f luence o f excavat ions. Openings in a rock mass con­
cen tra te  the in  s i t u  stresses w i th in  a zone o f two to  three 
diameters away from the opening. The stress concentrat ion 
depends on the shape o f the opening as wel l  as the r e la t i v e  
and absolu te magnitudes o f the in  s i tu  stresses. Not a l l  com­
ponents o f  the in s i t u  s tress tensor w i l l  necessar i ly  be con­
centrated to  the same degree. Since most overcoring work is
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I» intended to  measure undisturbed stress leve ls ,  the boreholes 
should be d r i l l e d  from a p o r t ion  o f the te s t  a d i t  at  least 
three diameters from any o ther  opening or change in  d i re c t io n .
The a d i t  i t s e l f ,  o f  course, concentrates the stress around i t ;
the depth o f several o f  the te s ts  should be s u f f i c i e n t  to reach
beyond the zone of concent ra t ion .  The smal lest a d i t  tha t  w i l l  
accommodate the d r i l l i n g  equipment is  recommended; ad i ts  from 
8  to  12 f t  (2.4 to  3.6 m) in  diameter have been found sa t is fa c to ry .

2 .3 .4  In f luence of loca l geologic fea tu res . Local geologic 
features w i th  mechanical p roper t ies  d i f f e r e n t  from those o f  the 
surrounding rock can s i g n i f i c a n t l y  in f luence the local s tress 
f i e l d  ( f o r  example, a large quartz pod in  a gneiss, or discon­
t i n u i t i e s ,  such as f a u l t s  o r  shear zones. In general,  these 
features should be avoided when se lec t ing  a te s t  s i t e  loca t ion .  
However, i t  i s  o f ten  valuable to  measure the st ress level on
each side o f a large f a u l t .

2.4 Deformational p roper t ies  o f  the rock.

The modulus o f deformation and Poisson's r a t i o  o f the rock are 
required f o r  data reduct ion. The recommended method fo r  d e te r ­
mining modulus o f deformation values involves b ia x i a l l y  te s t in g  
the recovered overcores, as described in other procedures. I f  
t h i s  i s  not poss ib le ,  values may be obtained from laboratory 
te s t in g  o f  smal le r  cores. This approach, however, genera l ly  
decreases the accuracy o f the s tress determinat ion in a l l  but 
the most homogeneous rock.

3.0 Equipment and apparatus

3.1 D r i l l i n g .

3.1.1 General. Holes o f two sizes are d r i l l e d  fo r  the overcore 
t e s t ,  an EX-size [ 1 . 5 - i n .  (38-mm) diameter]  hole fo r  the deforma­
t i o n  gage, and a large-d iameter  overcore hole, general ly  5.625
to  6.000 in .  (14.288 to  15.240 cm) in  diameter. The two bore­
holes sha l l  be coaxial  to  w i t h in  0.25 in .  (6.35 mm). A l l  
d r i l l i n g  i s  done w ith  diamond b i t s .  The d r i l l i n g  equipment 
sha l l  be in  good working order ,  capable o f performing as designed. 
Any pressure gages or  other  meters shal l  be funct ional and 
accurate to  t h e i r  o r ig in a l  s p e c i f i ca t io n s .

3.1.2 EX ho le . The EX hole sha l l  be d r i l l e d  using a double 
tube, swivel core barre l  to  obta in the highest q u a l i t y  core 
poss ib le. Center ing devices f o r  the d r i l l  s t r i n g  shal l  be 
provided so the EX borehole may be resta r ted at the bottom of 
the large diameter hole at any t ime.

des irab le  to obtain pieces of la rge-  
12 in .  (25.4 to  30.5 cm) long, in 
deformation gage and fo r  b iax ia l  
a th in -w a l l  barrel  may be used, 
of holding at least  3 f t  (0.91 m) 
a double-tube, swivel barrel  is

3.1 .3  Overcore hole,_____________  I t  is
core at leas t  1 0  to 
avoid damage to the 

In competent rock.

di ameter 
order to 
t e s t i  ng.
This barre l  sha l l  be capable 
of core. In frac tu red  rock, 
recommended.
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3.2 Borehole deformation gage.

The U.S. Bureau o f  Mines borehole deformation gage described 
in  Reference 1.4.2 sha l l  be used. In f rac tu red  rock, the 
reverse-case m o d i f ica t io n  o f  the gage i s  recommended.

3.3 Readout equipment.

The borehole deformation gage conta ins three fu l1 -b r idge  
s t r a in  gage c i r c u i t s .  Any e x c i t a t io n  and readout system which 
allows the deformation to  be measured to  an accuracy o f  + 5 x 10" 
in .g (1 .27  X 10" mm) w i th  a reso lu t ion  o f  1 x 10" in .  (2.5A X 
1 0 " mm) may be used. The e x c i t a t io n  voltage shal l  be appl ied 
cont inuously to  a l l  th ree bridge c i r c u i t s  and sha l l  be no g reater  
than 2 V, to  avoid the e f fe c t s  o f s e l f  heat ing. A portable  s t ra in  
in d i c a to r  w i th  a switch and balance u n i t  has been found s a t i s ­
fac to ry .

3.4 Thermometer.

A thermometer w i th  an accuracy o f  at leas t  ^  1.8°F (+̂  1°C) and a 
re so lu t io n  o f a t leas t  0.36°F (0.2°C) sha l l  be ava i lab le  to  
measure the temperature o f  the d r i l l  water.

4.0 Testing

4.1 D r i l l  setup.

To obta in  high q u a l i t y  data from the overcore t e s t ,  i t  is  impor­
ta n t  to  minimize d r i l l i n g  v ib ra t io n s  dur ing the te s t .  To accomp­
l i s h  t h i s ,  the d r i l l  sha l l  be supported to  prevent any motion 
whi le d r i l l i n g .  Rock b o l t s ,  roo f  jacks ,  t imber  posts and 
wedges, and o ther  support systems have been used successfu l ly .

4.2 Test i n t e r v a l s .

Tests should be conducted a t in te rv a ls  o f no more than 5 f t  (1.5 m) 
along the borehole. At le a s t  s ix  te s ts  per borehole are recom­
mended, th re e  of which sha l l  be beyond the zone of in f luence of 
the excavat ion. In f rac tu red  rock, i t  may be necessary to te s t  
as o f ten as poss ib le  to  obta in  a s u f f i c i e n t  amount o f usable 
data. In any case, the te s t in g  sha l l  begin beyond the zone of 
damage caused by the excavat ion o f the te s t  a d i t ,  as determined 
from p r i o r  exp lo ra to ry  d r i l l i n g  or the i n i t i a l  cor ing o f the 
overcore hole.

4.3 Coaxial requirements.

The EX and large-d iameter  boreholes sha l l  be coaxial  to w i th in  
0.25 in .  (6.35 mm). When t h i s  to lerance is  exceeded, the 
e x is t in g  EX hole sha l l  be overcored out and res ta r ted .

4.4 Test l o c a t io n .

I f  poss ib le ,  the plane o f deformation measurement sha l l  be 
located a t leas t  one diameter of the large borehole ahead of 
th a t  hole at the s t a r t  of  overcor ing. I f  t h i s  is  not fe a s ib le ,  
f o r  instance because of f ra c tu re s ,  the plane of measurement 
shal l  be located as fa r  ahead o f  the large borehole as poss ib le .

m
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The accuracy o f  the te s t  w i l l  be decreased, but the data may 
be corrected to  some extent as discussed in  Reference 1.4.2.
The borehole deformation gage shal l  not be located so tha t  the 
measuring buttons and support springs are located in  d i f f e r e n t  
blocks o f rock, which w i l l  experience d i f f e r e n t i a l  movement when 
overcored. The exact t e s t  loca t ion  may be determined from 
examination o f the EX core. In h igh ly  f rac tu red rock, examination 
of the EX borehole w i th  a borescope is  recommended.

4.5 Gage o r i e n t a t i o n .

The o r ie n ta t i o n  of the borehole deformation gage in a p a r t i c u la r  
po s i t io n  i s  not requ i red;  a v a r ie ty  o f  o r ie n ta t io n s  are recom­
mended to  minimize systematic e r ro rs  and uncer ta in t ies  due to 
rock an isotropy. E^ch o r ie n ta t i o n ,  however, shal l  be accurate ly  
measured to  w i t h in  -  5°. This may be accomplished by a measure­
ment device on the end o f the s e t t in g  t o o l s ,  by examining the 
gage in the borehole w ith  a low-power telescope, or by other 
su i tab le  means.

4.6 Thermal e q u i l ib r iu m .

While the c i r c u i t s  in  the borehole deformation gage have been 
designed to  minimize thermal d r i f t ,  a to ta l  lack o f thermal 
s e n s i t i v i t y  i s  ra re ly  achieved. A f te r  the gage has been placed 
a t the t e s t  loca t io n  and the d r i l l i n g  apparatus has been assem­
bled f o r  the overcore t e s t ,  d r i l l  water shal l  be pumped as 
during the t e s t .  Deformation gage readings shal l  be taken at 
2-minute i n te r v a l s  during t h i s  t ime. D r i l l i n g  sha l l  not begin 
u n t i l  th ree consecut ive readings o f each channel d i f f e r  by no 
more than 3 x 10~ in .  (7.6 x 1 0 " mm). The temperature o f the 
d r i l l i n g  water sha l l  be measured at the beginning and end of the 
t e s t ,  and a t  any o ther  time when thermal d r i f t  is  suspected.

4.7 Measurement i n t e r v a l s .

The deformation gage sha l l  be read at each inch o f b i t  penet ra t ion, 
or more f requen t ly  i f  appropr ia te. The three channels shal l  be 
read in  the same sequence each t ime. The gage shal l  be over­
cored to  at le a s t  one diameter o f the large borehole beyond 
the plane of measurement or u n t i l  three consecutive readings 
s ta b i l i z e .

4.8 Time-dependent re la x a t i o n .

A f t e r  the gage has been overcored to  the desired depth, d r i l l i n g  
shal l  be stopped. Each channel shal l  be read at 5-minute i n t e r ­
vals f o r  I hour to evaluate time-dependent (ane las t ic )  deforma­
t i o n .  During t h i s  per iod, d r i l l  water c i r c u la t i o n  shal l  be con­
t inued as dur ing the te s t .  The d r i l l i n g  equipment shal l  not be 
dismantled during t h i s  time.

4.9 Core hand l ing .

Recovered overcore su i tab le  fo r  b iax ia l  te s t in g  shal l  be marked 
w ith  the fo l low ing  in fo rmat ion :
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4.9.1 Depth o f  each end o f the core

4 . 9.2  Locat ion o f  measurement plane

4.9 .3  O r ie n ta t io n  of the gage in  the core

4.9 .4  O r ie n ta t io n  o f  the core i t s e l f .

The core sha l l  then be wrapped and waxed according to  procedure 
GT-A.4, "Handling and Storage o f  Rock Core Samples."

4.10 Data recording requirements.

The data as shown on Form GT-C.1-1 sha l l  be recorded as a minimum 
fo r  t h i s  t e s t .

4.11 Gage c a l i b r a t i o n .

The USBM gage sha l l  be ca l ib ra te d  p r i o r  to  beginning the te s t  
program, and every 10 te s ts  (successful or not) t h e re a f te r .  The 
gage sha l l  also be reca l ib ra ted  i f  i t  has experienced severe 
v ib ra t io n  during t e s t i n g ,  has sustained minor damage (espec ia l ly  
to  the signal cab le ) ,  or i f  any o ther  reasons e x is t  to  suspect 
th a t  the gage performance has changed.

5.0 Reporting

The purpose o f  t h i s  sect ion i s  to e s ta b l ish  the minimum requirements 
f o r  a complete and usable repor t .  Fur ther d e ta i l s  may be added as 
appropr ia te ,  and the order  o f items may be changed i f  necessary. 
App l ica t ions  o f  the t e s t  r e su l t s  are beyond the scope of t h i s  proce­
dure, but may be an in te g ra l  pa r t  o f  some te s t in g  programs. In tha t  
case, an ap p l ica t io n s  sect ion compatible w ith  the format described 
below should be included.

5.1 In t roduc to ry  sect ion o f the re p o r t .

The in t ro d u c to ry  sect ion is  intended to  present the scope and 
purpose o f the te s t i n g  program, and the c h a ra c te r i s t i c s  o f  the 
materia l  tes ted .

5.1.1 Scope o f  te s t in g  program.

5 . 1 . 1 . 1  The loca t io n  and o r ie n ta t io n  o f  the overcore 
holes sha l l  be presented. A graphic presenta t ion is  
recommended.

5 .1 .1 .2  The reasons fo r  se lec t ing  the te s t  loca t ions  shal l  
be discussed.

5 . 1 . 1 .3 The areas o f i n t e re s t  which are not covered by the 
te s t in g  program and the l im i t a t i o n s  o f  the data w i th in  the 
areas of a p p l i c a t io n  shal l  be discussed in  general terms.

5.1.2 B r i e f  descr i p t i on of the te s t  s i t e  geology. The rock 
type sha l l  be described macroscopical ly.  S t ruc tu ra l  features 
a f fe c t in g  the overcore te s t in g  sha l l  be discussed as appropr ia te.
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5.2 Test method.

5.2.1 Equipment and apparatus. A de ta i led  l i s t i n g  of the 
equipment a c tu a l l y  used f o r  the t e s t  shal l  be included in  the 
repor t .  The name, model number, and basic spec i f ica t ions  o f 
each major piece sha l l  be l i s t e d .

5.2.2 Procedure. The procedure a c tu a l l y  used fo r  the te s t  
should be l i s t e d  in  d e ta i led  steps.

5.2.3 V a r ia t io n s . I f  the actual equipment or procedure varies 
from the requirements contained in  t h i s  procedure, each v a r ia ­
t io n  and the reasons f o r  i t  sha l l  be noted. The e f fe c t  of the 
va r ia t io n  upon the t e s t  resu l ts  shal l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equations used to  reduce 
the data sha l l  be c le a r l y  presented and f u l l y  def ined. Any 
assumptions inherent in  the equat ions or l im i ta t i o n s  in t h e i r  
app l ica t ions  sha l l  be noted, and the e f fe c t  on the resu lts
di scussed.

5.3.2 S i t e - s p e c i f i c  i n f l u e nces.

5 .3 .2 .1  Assumptions. The degree to  which the actual t e s t  
s i t e  cond i t ions conform to  the assumptions contained in  
the data reduct ion equat ions shal l  be discussed.

5 .3 .2 .2  Correct ion fac to rs .  Any fac to rs  or methods appl ied 
to  the data to  co r rec t  fo r  a non-ideal s i tu a t io n  shall
be f u l l y  expla ined.

5.4 Resu l ts .

5.4.1 Deformation data . As a minimum, a summary tab le  inc lud ing 
the te s t  number, borehole depth, probe o r ie n te t io n ,  and deforma­
t io n  o f each channel sha l l  be presented fo r  each te s t .

5.4.2 Secondary p r in c ip a l  s t resses . The secondary p r inc ipa l  
s tresses, inc lud ing  depth from the a d i t  face, o r ie n ta t io n s ,  
and magnitudes sha l l  be presented fo r  each te s t .  A graphic 
presenta t ion as wel l  as a ta b u la r  summary is  recommended.

5.4.3 Three-dimensional p r in c ip a l  s tresses. The o r ien ta t ions  
and magnitudes o f  the three-dimensional p r inc ipa l  stresses shal l  
be presented. A graphic presenta t ion as wel l as a tabu la r  
summary i s  recommended.

5.4.4 Other. The fo l low ing  other  types of data analyses and 
presentat ions may be included as appropria te.

5 .4 .4 .1  The stress gradient away from the a d i t  may be 
evaluated e i t h e r  by secondary p r inc ipa l  stresses or ,  i f  
s u f f i c i e n t  te s ts  have been run, by the complete stress 
tensor or p r in c ip a l  stresses.

5 .4 .4 .2  The stresses in d i f f e r e n t  rock formations or in 
d i f f e r e n t  re la t io n sh ip s  to geologic s truc tu res may be 
evaluated.
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5.5 E r ro r  es t imate .

The re s u l t s  sha l l  be analyzed using standard s t a t i s t i c a l  methods. 
A l l  u n c e r ta in t ie s  sha l l  be ca lcu la ted  using a 95% confidence 
i n te r v a l .

5.5.1 Measurement e r r o r . The e r r o r  associated with  a s ing le  
te s t  sha l l  be evaluated. This includes the combined e f fe c ts  
of a l l  t ransducers, power supp l ies ,  readout devices, etc .

5 .5.2 Stress e r r o r . The uncer ta in ty  associated w ith  each
component o f the p r in c ip a l  stresses is  usua l ly  evaluated from 
the m u l t ip le  regress ion analys is  o f  the deformation data. This 
unce r ta in ty  conta ins random e r ro rs  from the measurements and 
from the assumptions used in  the data reduct ion. This uncer­
t a i n t y  may on ly  p a r t i a l l y  conta in  the e f fe c t s  o f systematic
d i f fe rences  in  mater ia l  p rope r t ies  or local  s tress f i e ld s  
between in d iv idu a l  boreholes. These fac to rs  shal l  be discussed 
separate ly  as q u a n t i t a t i v e l y  as poss ib le.

5.6 Appended data.

5.6.1 Deformation vs. b i t  p o s i t i o n . A deformation vs. d r i l l  
b i t  pene t ra t ion  p lo t  f o r  each t e s t  shal l  be included in  an 
appendix.

5.6 .2  Deformation vs. t im e . A p lo t  o f  deformation vs. t ime 
fo r  each t e s t  shal l  be included in  the appendix.

6.0 Qua l i t y  Assurance

The fo l low ing  i tems are the minimum requirements to  ensure tha t  the 
t e s t  re su l ts  are defendable and t raceab le .  I t  is  not the in te n t  o f  
t h i s  sect ion to  e s ta b l i sh  Qua l i ty  Assurance procedures, but to 
i d e n t i f y  those po in ts  during the te s t  a t which Qua l i t y  Assurance 
ac t ion  i s  required.

6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  t e s t i n g ,  a l l  personnel sha l l  be p re qu a l i f ie d  as de­
scribed in  Sect ion 2.1.

6.2 Test insp e c t io n .

Qua l i ty  Assurance personnel sha l l  review the te s t  setup, pro­
cedure, and the equipment performance v e r i f i c a t i o n .  A f te r  
te s t i n g ,  the completed Form GT-C.1-1 sha l l  be reviewed, and 
signed o f f  only  i f  co r re c t .

6.3 Required documentat ion.

6.3.1 Equipment performance v e r i f i c a t i o n . Qual i ty  Assurance 
sha l l  mainta in  complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6.3 .2  Equipment se r ia l  numbers. Qual i ty  Assurance shal l  v e r i f y  
tha t  se r ia l  numbers of a l l  equipment used in the te s t  are 
recorded on Form GT-C.1-1.

6 .3 .3  Test s i g n - o f f s . Qua l i ty  Assurance shal l  maintain signed- 
o f f  copies of GT-C.1-1.
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In S i tu  Stress Determinat ion by Overcoring the 
USBM Borehole Deformation Gage

Test Data Sheet-Form GT-C.1-1 pg. 1

Pro ject______________________ Depth o f EX H o le __________

F e a tu re _____________________  Depth o f Large H o le ______

Borehole ____________________  Depth o f Measurement Plane

O r ien ta t ion :  Bearing ______  Gage Or ien ta t ion  __________

I n c l i n a t i o n ______  Water Temperature: S tar t

D a te ________________________  F in ish

Tested by ___________________

Equipment Date of Next
Descr ip t ion  Ser ia l  No. C a l ib ra t ion

Sketch o f bottom of large hole and probe o r ie n ta t io n :



Fonn GT-C. 1-1 
Page 2

Deformation Reading

B i t
Time Penetrat ion Channel 1 Channel 2 Channel 3

Test S u p e rv is o r______________________________  Date

Q ua l i ty  Assurance ____________________________  Date

Pro jec t  Engineer _______      Date



Procedure GT-C.2

In S i tu  Stress Determinat ion Using the 
Hydraul ic  F rac tur ing  Method

1.0 Background

1.1 Scope.

1.1.1 Object ive of t h i s  t e s t . The ob jec t ive  o f t h i s  t e s t  is  
to determine the magnitude and o r ie n ta t io n  o f  the pr inc ipa l  
stresses in  a rock mass at depth. This method is  the only 
nondevelopmental technique present ly  ava i lab le  fo r  measuring 
stresses at depths g rea ter  than approximately 150 f t  (45.75 m).

1.1.2 L im i ta t io n s .

1 .1 .2 .1  The hydrau l ic  f r a c tu r i n g  method requires tha t  one 
of the p r in c ip a l  stresses be c lose ly  al igned with  the long 
ax is  o f the borehole.

1 .1 .2 .2  The hydrau l ic  f r a c tu r i n g  method is  not su i tab le  fo r  
extremely a n iso t ro p ic  rock.

1.2 General d e sc r ip t ion  o f the t e s t .

A sect ion of a borehole i s  iso la ted  with  hydraul ic  packers. The 
pressure in  the se a le d -o f f  in te rv a l  is  increased at a con t ro l led  
ra te  by pumping f l u i d  in to  i t  u n t i l  a f rac tu re  occurs in the 
borehole w a l l .  Pumping is  stopped and the pressure in the 
in te rva l  i s  allowed to  s t a b i l i z e .  The pressure is  then reduced 
to  the pore pressure o f  the rock formation, and the pressur iza- 
t i o n  process is  repeated. The magnitudes o f the p r inc ipa l  
stresses are ca lcu la ted from the various pressure readings.
The o r ie n ta t io n  of the f ra c tu re  is  measured to determine the 
d i re c t io n  of the stresses. A ty p ic a l  pressure vs. time curve 
f o r  a t e s t  in te rv a l  i s  shown on Figure 1.1.

1.3 Data reduc t ion .

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  Pressure, s tress  - force per u n i t  area.

1 .3 .1 .2  Pore pressure - the pressure e x is t in g  In the rock
formation due to the hyd ros ta t ic  pressure of the ground­
water in the pores or f rac tu res  of the rock mass.

1 .3 .1 .3  C r i t i c a l  (breakdown) pressure - the pressure at
which a f ra c tu re  in  the t e s t  sect ion occurs.

1 .3 .1 .4  Shut- in  pressure -  the equ i l ib r ium  pressure o f the 
te s t  sect ion a f t e r  the f ra c tu re  has been formed.

1 .3 .1 .5  Tensi le strength - the te n s i le  stress in the rock 
mass required to i n i t i a t e  a te n s i le  f rac tu re .
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1.3.2 Equations. The fo l low ing  equations assume the borehole 
is  v e r t i c a l .  The theory i s  the same fo r  boreholes in other 
o r i  en ta t ions .

1 .3 .2 .1  The pore pressure, P^, i s  the s ta t i c  pressure measured 
in  the t e s t  in te rva l  before any te s t  f l u i d  i s  introduced in to  
the system.

1 .3 .2 .2  The c r i t i c a l  pressure, P ^  i s  the pressure in  the 
t e s t  sect ion at the i n i t i a t i o n  of the te n s i le  f rac tu re .  The 
second c r i t i c a l  pressure P^p* ''S the pressure in the te s t  
sect ion required to  reopen the te n s i le  f ra c tu re .  I f  the 
pressure is  measured d i r e c t l y  in  the te s t  i n t e r v a l ,  no 
co r rec t ions  are necessary. I f  i t  is  measured at the 
sur face, co r rec t ions  must be made, since the f l u id  is  f lowing 
in to  the te s t  i n t e r v a l .  The fac to rs  tha t  cause pressure loss 
between the surface and t e s t  section include:

a. f r i c t i o n  between te s t  f l u i d  and wal ls o f  the 
the pipe.

b. f r i c t i o n  and turbulence caused by contrac t ion 
or enlargements at pipe coupl ings.

c. f r i c t i o n  due to bends in  the pipe.

d. pressure loss as the f l u i d  enters the te s t  
i n t e r v a l ,  which is  a la rge r  diameter than the pipe.

e. pressure loss at the gage, where the f l u i d  is  
f lowing past the opening to  the measurement pipe 
at a f i n i t e  v e lo c i t y .

The pressure loss ,  P^^, from Factor d may be calcula ted using:

V

( 1 )

where:
Vg = v e lo c i t y  at e x i t  o f  pipe 

Y = u n i t  weight o f f l u i d  

g = acce le ra t ion  o f g ra v i ty .

The pressure loss , P-j^, from Factor e may be calcu lated using:

V ^ Y
f ^ l g = V -  ( 2 )

^ 2 g

where:
Vg = v e lo c i t y  at pressure gage.

I f  the pipe is  the same diameter at the pressure gage and 
where i t  enters the te s t  i n t e r v a l ,  V = V , and the two e f fec ts  
cancel. ^
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The e f fe c t s  o f  fac to rs  a through c may be evaluated e i t h e r  
by c a l i b r a t i n g  the te s t  system or  using standard values 
from hydrau l ic  handbooks. Therefore, the c r i t i c a l  pressure, 
P , when the t e s t  pressure i s  measured at the surface is  
ca lcu la ted  using:

- Pf + Ph (3)c cm f  h ' '

where:
P^„ = measured c r i t i c a l  pressure cm ^
P̂ r = pressure losses due to f r i c t i o n

P̂  = pressure due to  height o f  t e s t  f l u i d  above te s t  
sect ion.

1 .3 .2 .3  I f  the sh u t - in  pressure, P , shows a constant or 
un i fo rm ly  decreasing value, the v e s i c a l  s t ress ,  a , cannot 
be d i r e c t l y  measured. I t  may be ca lcu la ted  from tne weight 
o f the overburden:

0  ^ = Y d ■ (4)

where:
Y =  s p e c i f i c  weight o f overburden 
d = depth o f  overburden.

1 . 3 . 2 .4 The f r a c tu re  w i l l  always be i n i t i a t e d  in  a v e r t i c a l  
plane because o f  the loading geometry, but i f  the v e r t i c a l  
s tress is  the minimum s t re ss ,  hor izon ta l  f ra c tu re  planes 
w i l l  begin to  open as the v e r t i c a l  f ra c tu re  propagates 
away from the borehole. I f  t h i s  is  the case, the shu t - in  
pressure, P , may show two d i s t i n c t  values, P̂ j  ̂ and P^^*
The v e r t i c a l  s t r e s s ,a  i s  equiva lent to the second snu t - in
pressure:

1 .3 . 2 .5 The v e r t i c a l  f r a c tu re  forms normal to  the minimum 
hor izon ta l  s t re ss ,  a . This stress i s  measured d i r e c t l y  
by:

0  u  • =  P ( 6 a )H mm s ' '

or

0  H min " ^s l
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I f  the shu t - in  pressure does not remain constant,  due to 
leakage in to  pores and j o i n t s  in  the rock mass or around 
the packers, continued pumping is  required to  maintain a 
constant pressure. I f  the pumping ra te  is  low, and steady 
f low i s  achieved at two pressure leve ls ,  and P^, the 
sh u t - in  pressure may be ca lcu la ted from the re la t ionsh ip :

Pi - % =/^U/2 
P 2  -  P s

where:
Q^, Q2  = f low  rates corresponding to  P ^  P2 .

(7)

1 .3 .2 . 6  The maximum hor izon ta l  s t ress ,  a j, , i s  governed 
by the equat ion descr ib ing the c r i t i c a l  preSISre, P ^  at 
f r a c tu re  i n i t i a t i o n :

I  + 3a L, • - o u -  2 P ,Q<
p _p _ _________ H mm_____ H max______ 0 (8)
cl"  0 ^

where:
P^ = pore pressure in  rock at tested depth

T = t e n s i le  s trength  of the rock

K = p o ro -e la s t ic  parameter as defined by Haimson 
(1978).

Haimson (1978) ind ica tes  th a t  K is  approximately equal to 
1 a t pressures less than 4000 ps i .  Therefore, fo r  most 
t e s t i n g ,  i s  ca lcu la ted  using:

a u = T + 3P - P 1 - P (9)H max s c l  0   ̂ '

I f  two p ressu r iza t ion  cycles are performed, and a second c r i '  
t i c a l  pressure P -  is  observed, i t  corresponds to re ­
opening the f ra c tu re .  The maximum hor izonta l  stress may 
then be ca lcu la ted :

“  H n,ax •  (10)

This equation is  pre fe rred because i t  does not requi re  a 
knowledge of the in  s i tu  te n s i le  strength of the rock, 
which may be s i g n i f i c a n t l y  lower than laboratory values.
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1 .3 . 2 .7 I f  P 2  can be determined, the t e n s i le  strength o f 
the rock mass in  s i tu  i s  ca lcu la ted :

T > Pel - ĉ2 (")
1.3.3 Assumptions and fac to rs  in f luenc ing  t h e data.

1 .3 .3 .1  The above equat ions assume th a t  the rock is  homo­
geneous, i s o t r o p i c ,  b r i t t l e ,  l i n e a r l y  e l a s t i c ,  and th a t  
f l u i d  f low through the pores and f ra c tu re s  obeys Darcy's 
law. Haimson (1980) found th a t  iso t ropy  o f  te n s i le  
s t rength  and deformational p rope r t ies  w i th in  1 0 % was 
acceptable; however, t h i s  problem has not been studied In 
d e t a i l ,  and the acceptable leve l o f anisotropy is  not 
known w i th  c e r ta in t y .

1 .3 .3 .2  The above equat ions assume th a t  one o f  the p r in c ip a l  
stresses i s  p a ra l le l  to  the borehole. This is  genera l ly  
the case in  deep v e r t i c a l  boreholes. Other s i tu a t io n s ,  
such as te s ts  from an a d i t ,  requ i re  care fu l  o r ie n ta t io n  and 
judgment.

1.4 References.

1.4.1 Haimson, B.C.,  1978, "The Hydro f fac tu r ing  Stress Measuring 
Method and Recent F ie ld  Resu l ts " ,  I n t .  J. Rock Mech. Min. Sci.  
and Geomech. A b s t r . , 15, No. 4.

1.4.2 Haimson, B.C.,  1980, "Near Surface and Deep Hydrofractur ing 
Stress Measurements in  the Waterloo Q u a r tz i te " ,  I n t .  J. Rock 
Mech. Min. Sc i .  and Geomech. A b s t r . , 17, No. 2.

1.4.3 Zoback, M.D., Rummel, P .,  Jung, R . , and Raleigh, C.B.,
1977, "Laboratory Hydraul ic  F rac tur ing  Experiments in In tac t
and P re - f tac tu red  Rock", I n t .  J. Rock Mech. Min. Sci .  and Geomech. 
A b s t r . , 14, No. 2.

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing  the 
Technicians and Test Supervisor,  sha l l  be fo rm a l ly  p re qu a l i f ie d  
under the Qua l i ty  Assurance procedures establ ished as part  of  
the ove ra l l  t e s t in g  program.

2.2 Equipment performance v e r i f i c a t i o n .

The compliance o f a l l  equipment and apparatus w ith  the p e r fo r ­
mance s p e c i f i c a t io n s  in  Section 3.0 o f t h i s  procedure shal l  be 
v e r i f i e d .  I f  no requirements are stated in  Section 3.0, the manu­
fa c tu re r ' s  s p e c i f i c a t io n s  fo r  the equipment shal l  be the required 
level of performance. Performance v e r i f i c a t i o n  is  genera l ly  done 
by c a l i b r a t i n g  the equipment and measurement systems. C a l ib ra t io n  
and documentation sha l l  be accomplished according to  standard 
Qual i ty  Assurance procedures.
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t o
2.3 Test program determined.

2.3.1 Number and o r ie n ta t io n  o f boreholes. The requirements 
fo r  determining the s tress w i l l  depend on the objec t ives o f the 
study and the geology a t the s i t e .  D i f fe re n t  formations can 
support d i f f e r e n t  por t ions  o f the to ta l  load, depending on t h e i r  
mater ial  p rope r t ies .  In a d d i t io n ,  major s t ruc tu ra l  features such 
as f a u l t s  can s i g n i f i c a n t l y  change the regional s tress f i e l d  in 
t h e i r  v i c i n i t y .  For te s ts  from underground excavat ions, several 
o r ie n ta t io n s  are recommended, p a r t i c u l a r l y  i f  the d i re c t io n  of 
the p r in c ip a l  stresses i s  unknown.

2.3 .2  Various depths. Hydraul ic  f ra c tu r in g  tes ts  should be con- 
ducted at several depths in each borehole to  measure the st ress 
gradi ent.

2 .3 .3  Various m a te r ia ls . A l l  major formations should be tested.

2.3.4 S t a t i s t i c a l  requirements. Several tes ts  should be con­
ducted in  each formation to give s t a t i s t i c a l  v a l i d i t y  to the 
re su l t s .

2 .3.5 In te rva ls  chosen. Test in te rv a ls  should be between 3 and 
10 f t  (0.9 to  3.1 m) in  length and contain as few f rac tu res ,  
bedding planes, or o ther  d is c o n t i n u i t i e s  as possib le.  Test 
in te rv a ls  are selected from rock core logs i f  ava i la b le ,  wel l 
logs or d i r e c t  observat ion via borehole cameras. Tests should 
be located so th a t  the center  o f  each te s t  in te rva l  i s  at least
20 f t  (6.1 m) from the center  o f any adjacent te s t  i n t e r v a l .

2.4 Boreholes d r i l l e d .

2.4.1 Core logged. I t  i s  des i rab le  to  have continuous rock core 
from the borehole. The core should be logged as described in  
Procedure GT-A.3 "Guidel ines f o r  Logging Rock Core", boxed, and 
stored a va i lab le  fo r  inspect ion  as described in Procedure GT-A.4 
"Handling and Storage o f Rock Core."

2.4 .2  Boreholes washed. The boreholes should be washed with  
c lea r  water to  remove a l l  d r i l l i n g  mud and cu t t ings .  These 
mater ia ls  can i n t e r f e r e  w ith  breakdown pressure.

2.5 Laboratory t e s t i n g .

The t e n s i le  strength o f  the rock must be determined in order to 
use Equation 9. The d i r e c t  te n s i le  te s t  is  recommended. For 
h igh ly  permeable rocks, or at high stress leve ls ,  measurement of 
the p o ro -e la s t ic  parameter may also be necessary. Haimson (1978) 
describes methods fo r  measuring the po ro -e las t ic  parameter.

3.0 Equipment and apparatus

3.1 Pump and hydrau l ic  system.

The pump must supply f l u i d  at a pressure s u f f i c i e n t  to overcome 
the f r i c t i o n  losses and f ra c tu re  the rock. The f low capacity 
depends on the permeab i l i ty  o f the rock mass; higher f low is  
required in  permeable rock to ra ise the borehole pressure whi le
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overcoming f l u i d  loss. Pumps w i th  a pressure ra t in g  of 10,000 
psi  (68.95 MPa) and a f low capacity o f 100 ga l.  (378.5 1) per 
minute have been found adequate f o r  most s i tu a t io n s .  The pump 
sha l l  apply pressure in  a smooth, cont inuously increasing 
manner, a t a constant ra te  u n t i l  the f ra c tu re  is  i n i t i a t e d .

3.2 Flowmeter.

In order to  est imate the f r a c tu re  s ize ,  the volume of f l u i d  
in jec ted  in to  the rock mass sha l l  be measured using a f low meter. 
The f low meter sha l l  have an accuracy o f  at leas t  + 1.0 gal.
(jf 3.79 1) and a re so lu t io n  o f a t leas t  0.5 gal.  (T.89 1).

3.3 Packers.

Pneumatic packers are recommended to  seal the t e s t  i n t e r v a l ;  
however, mechanical packers may be used i f  s a t i s fa c to ry  perform­
ance can be v e r i f i e d .  The packers shal l  be seated against the 
borehole wal l  dur ing te s t i n g  w i th  a pressure at lea s t  10% 
greater  than the c r i t i c a l  pressure, to  avoid f l u i d  leakage 
around them. The packers sha l l  be at leas t  3 f t  (0.91 m) long.

3.4 Pressure transducers .

Pressure may be measured using an e le c t ro n ic  transducer at the 
surface, using an e le c t ro n ic  transducer in  the te s t  in te rva l  and 
the readout device on the surface, or using a se l f -con ta ined  
transducer / recorder  package in  the te s t  i n t e r v a l .  The second 
method i s  recommended because i t  i s  provides d i r e c t  measure­
ment o f the te s t  sect ion pressure w i th  output whi le  the te s t  is  
being performed. The transducer sha l l  have an accuracy o f at 
le a s t  + 50 psi  (0.34 MPa) inc lud ing  e r ro rs  introduced by the 
readout system, and a re so lu t io n  o f  a t leas t  25 psi (0.17 MPa).
A s t r i p  char t  recorder having a v a r ie ty  o f  chart  speeds shal l  
be used to  monitor  transducer output.  I t  i s  recommended tha t  
both a downhole and surface transducer be used to  provide 
redundant data.

3.5 Test f l u i d .

A low v i s c o s i t y  f l u i d  sha l l  be used f o r  the hydrau l ic  f r a c tu r in g  
t e s t .  Water i s  recommended, but br ines may be used in  s a l t ,  and 
dyes may be added i f  required f o r  subsequent d e l inea t ion  o f the 
f r a c tu re .  D r i l l i n g  muds sha l l  not be used.

3.6 Fracture o r ie n ta t io n  devices.

Impression packers, borehole cameras, or other  s im i l a r  devices 
may be used to  measure the o r ie n ta t io n  of the induced f ra c tu re .  
The o r ie n ta t i o n  shal l  be measured to an accuracy of at leas t  5° 
In deep boreholes where the tw i s t  in the pipe s t r in g  may be s ig ­
n i f i c a n t ,  a downhole compass is  recommended.
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4.0 Testing

4.1 Packers.

The packers shal l  be maintained a t a pressure at least  10% greater  
than the t e s t  sect ion pressure throughout the t e s t .

4.2 P ressur iza t ion  r a te .

P ressur iza t ion  shal l  be rapid in  order to minimize f l u i d  penetra­
t io n  in to  the rocks. The c r i t i c a l  pressure shal l  be atta ined in 
1 to 2 minutes; t h i s  genera l ly  corresponds to p ressur iza t ion  rates 
of 1000 to  4000 psi (6.89 to  27.58 MPa) per minute.

4.3 Shut- in  pressure.

Immediately a f t e r  the c r i t i c a l  pressure is  achieved, pumping shal l  
be stopped and the hydrau l ic  c i r c u i t  shal l  be closed. Shut- in 
pressure sha l l  be monitored f o r  at leas t  15 minutes.

4.4 Second cyc le .

A second p re ssu r iza t ion  cycle s im i l a r  to  the f i r s t  shal l  be 
performed. Between the cycles,  the hydraul ic  c i r c u i t  shal l  be 
opened to  the atmosphere, and the te s t  sect ion pressure allowed 
to  s t a b i l i z e  u n t i l  i t  equals the head of f l u i d  in  the pipe (low 
permeab i l i ty  rock) or the i n i t i a l  pore pressure in the rock (high 
permeabi l i ty  rock) .

4.5 Fracture o r i e n t a t i o n .

The f ra c tu re  o r ie n ta t io n s  may be determined a f t e r  a l l  f r a c tu r in g  
te s ts  in the borehole have been completed.

4.6 Data recording requirements.

The data w i l l  be recorded on the pressure time graph produced by 
the chart  recorder.  Other data shal l  be recorded as shown on 
Form GT-C.2-1.

5.0 Reporting

The purpose o f  t h i s  sect ion is  to  es tab l ish  the minimum requ i re ­
ments f o r  a complete and usable repor t .  Fur ther d e ta i l s  may be added 
as appropr ia te ,  and the order of items may be changed i f  necessary. 
App l ica t ions  o f the te s t  re su l ts  are beyond the scope of t h i s  pro­
cedure, but may be an in te g ra l  par t  of  some te s t in g  programs. In 
t h i s  case, an app l ica t ions  sect ions compatible with the format de­
scr ibed below should be included.

5.1 In t roduc to ry  sect ion of t h e r epo r t .

The in t roduc to ry  sect ion is  intended to present the scope and 
purpose o f the te s t in g  program, and the nature of the material  
tested.

5.1.1 Scope of te s t in g  program.

5.1 .1 .1  The loca t io n  and o r ie n ta t io n  of the tested bore­
holes sha l l  be presented. A graphic presentat ion is  re ­
commended.
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5 .1 .1 .2  The reasons fo r  se lec t ing  the te s t  locat ions and 
the basis f o r  the t e s t  plan sha l l  be discussed.

5 .1 .1 .3  L im i ta t io n s  o f  the te s t in g  program. The areas o f 
i n t e r e s t  which are not covered by the te s t in g  program and 
the l im i t a t i o n s  o f the data w i th in  the areas o f a pp l ica ­
t i o n  sha l l  be discussed in  general terms.

5.1.2 B r i e f  d e s c r ip t io n  o f  the t e s t  s i t e  geology. The rock type 
shal l  be described macroscopical ly .  S t ruc tu ra l  features a f f e c t ­
ing hyd rau l ic  f ra c tu re  propagation shal l  be discussed as appro- 
p r i  ate.

5.2 Test method.

5.2.1 Equipment and apparatus. A d e ta i le d  l i s t i n g  o f  the equip­
ment a c tu a l l y  used f o r  the te s t  sha l l  be included in  the repor t .
The name, model number, and basic s p e c i f i c a t io n s  o f each major 
piece sh a l1 be l i s t e d .

5.2.2 F rac tu r ing  f l u i d . The hydrau l ic  f l u i d  sha l l  be noted, and 
the ra t io n a le  fo r  se lec t ion  o f  the f l u i d  shal l  be presented.

5.2.3 Procedure. The procedure a c tu a l l y  used fo r  the te s t  shal l  
be l i  sted in  de ta i led  steps.

5.2 .4  V a r ia t io n s . I f  the actual equipment or procedure varies 
from the requirements contained in  t h i s  procedure, each v a r ia ­
t i o n  and the reasons fo r  i t  sha l l  be noted. The e f fe c t  of the 
v a r ia t io n  upon the t e s t  re su l ts  sha l l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equat ions used to  reduce
the data sha l l  be c le a r l y  presented and f u l l y  def ined. Any assump­
t io n s  inherent in  the equat ions and l im i t a t i o n s  in  t h e i r  a p p l i ­
cat ions sha l l  be noted, and the e f fe c t  on the re su l ts  shal l  be 
di scussed.

5.3.2 S i t e - s p e c i f i c  i n f lu e n ce s .

5 .3 .2 .1  Assumptions. The degree to  which the actual t e s t  
s i t e  cond i t ions  conform to  the assumptions contained in  the 
data reduct ion equat ions sha l l  be discussed.

5 .3 .2 .2  Correct ion fa c to rs .  Any fac to rs  or methods appl ied 
to  the data to  co r rec t  f o r  a nonideal s i t u a t i o n  shal l  be 
f u l l y  exp la i  ned.

5.4 Resu l ts .

5.4.1 Summary t a b le . A tab le  shal l  be presented which l i s t s  the 
rock fo rmat ion ,  t e s t  depth, and magnitude and o r ie n ta t io n  o f  the 
p r in c ip a l  stresses.

5.4.2 Ind iv idua l  r e s u l t s . A ta b le  sha l l  be presented which l i s t s  
each t e s t  number, the rock type, the t e s t  depth, the c r i t i c a l  
pressures, sh u t - in  pressures, and pore pressures, and the magni­
tude and o r ie n ta t io n  o f the p r in c ip a l  stresses.
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5.4.3 Other. The fo l low ing  o ther  types o f analyses and presenta­
t io n s  may be included as appropr ia te.

5 .4 .3 .1  O r ie n ta t ion  of s tress as a funct ion of depth.

5 .4 .3 .2  Magnitude o f  maximum and minimum p r inc ipa l  st ress 
as a func t ion  of depth.

5 .4 .3 .3  Breakdown pressure as a func t ion  of pressur iza t ion  
ra te .

5 .4 .3 .4  Comparison o f  r e su l t s  to  previous studies.

5 .4 .3 .5  Comparison o f  labora to ry  and f i e l d  te n s i le  st rengths.

5.5 E r ro r  es t imate .

The re su l ts  sha l l  be analyzed using standard s t a t i s t i c a l  methods. 
A l l  u n ce r ta in t ie s  sha l l  be ca lcu la ted using a 95% confidence 
i n te r v a l .

5.5.1 Measurement e r r o r . The e r ro r  associated with  a s ing le  
t e s t  shal l  be evaluated. This includes the combined e f fe c ts  
of a l l  t ransducers and readout devices.

5.5.2 S i te  v a r i a b i l i t y . For each area or rock material  tes ted ,  
the mean stresses, range, standard dev ia t ion  and 95% confidence 
l i m i t s  f o r  the mean sha l l  be ca lcu la ted ,  as a minimum. The un­
c e r ta in t y  o f  the group sha l l  be compared with  the measurement 
uncer ta in ty  to  determine whether measurement e r ro r  or s i te  v a r ia ­
b i l i t y  i s  the dominant fa c to r  in  the resu l ts .

5.5.3 Group c o r r e l a t i o n . When appropr ia te, the means o f groups 
shal l  be compared to  determine whether the observed d i f fe rence  
between groups is  s i g n i f i c a n t  a t the 95% confidence leve l .

5.6 Appended data.

5.6.1 Pressure vs. t ime curves. Pressure vs. time curves fo r  each 
te s t  sha l l  be included in  an appendix.

5.6.2 Test documentation. Completed data Form GT-C.2-1 fo r  each 
t e s t  sha l l  be included in  an appendix.

6.0 Qua l i ty  Assurance

The fo l low ing  items are the minimum requirements to  ensure that the 
te s t  resu l ts  are defendable and traceab le .  I t  is  not the in ten t  of 
t h i s  sect ion to es tab l ish  Qual i ty  Assurance procedures, but to i d e n t i f y  
those po in ts  dur ing the te s t  at which Qual i ty  Assurance act ion is  
requi red.
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6.1 Personnel p r e q u a l i f i c a t i o n .  • a
P r io r  to  t e s t i n g ,  a l l  personnel sha l l  be p re qu a l i f ie d  as described 
in Section 2.1.

6.2 Test insp e c t io n .
Qua l i ty  Assurance personnel sha l l  review the te s t  setup, pro­
cedure, and equipment performance v e r i f i c a t i o n .  A f te r  te s t i n g ,  
the completed Form GT-C.2-1 sha l l  be reviewed, and signed o f f  
only i f  c o r re c t .
6.3 Required documentation.

6.3.1 Equipment performance v e r i f i c a t i o n . Qual i ty  Assurance 
shal l  mainta in  complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6.3.2 Equipment se r ia l  numbers. Qua l i ty  Assurance shal l  v e r i f y  
th a t  se r ia l  numbers o f  a l l  equipment used in  the te s t  are re ­
corded on Form GT-C.2-1.

6.3 .3  Test s ig n -o f f s .  Qua l i ty  Assurance sha l l  maintain signed- 
o f f  copies of Form Gl-C.2-1.
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In S i tu  Stress Oeterminat ion Using 
the Hydraul ic  Fractu r ing Method
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Procedure GT-C,3

In S i tu  Stress and Modulus o f  Deformation 
Determinat ion Using the F la t jack  Method

1.0 Background

1.1 Scope.

1.1.1 Object ive of t h i s  t e s t . The f l a t j a c k  te s t  measures stress 
at a rock surface. The modulus of deformation and the long­
term deformational p roper t ies  (creep) may also be evaluated.

1.1.2 L im i ta t io n s . The f l a t j a c k  t e s t  measures stresses only 
a t the surface of the t e s t  chamber. Undisturbed stress leve ls  
must be determined by th e o re t ic a l  i n te rp re ta t io n s  o f  t h i s  data.

1.2 General d e sc r ip t io n  o f  the t e s t .

The in s i tu  s tress in  the rock mass is  re l ieved by c u t t in g  a s lo t  
i n to  the rock perpendicular to  the surface o f the te s t  a d i t .
The deformation caused by t h i s  s tress r e l i e f  is  measured. A 
hydrau l ic  f l a t j a c k  i s  mortared in to  the s lo t  and is  pressurized 
u n t i l  the rock re tu rns to  i t s  o r ig in a l  pos i t io n .  This reappl ied 
s tress i s  approximately equal to  the stress in the rock mass at 
the te s t  loca t io n  in  a d i r e c t io n  perpendicu lar to the plane of 
the jack .  The deformational ch a ra c te r is t ie s  o f  the rock mass 
are evaluated by incrementa l ly  loading the f l a t j a c k  and measuring 
the deformation. Long-term deformational propert ies are eva lua t ­
ed by mainta in ing a constant pressure in the f l a t j a c k  and per iod ­
i c a l l y  measuring the deformation.

1.3 Data Reduction.

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  Deformation - the change in  dimension of a rock mass.

1 .3 .1 .2  Stress - force per u n i t  area.

1 .3 .1 .3  Skin s tress -  the tangent ia l  stress at the surface 
o f an opening.

1 .3 .1 .4  Undisturbed stress - the s tress f i e l d  e x is t in g  in  
a rock mass p r i o r  to  excavat ion o f an opening.

1 .3 .1 .5  Cance l la t ion  pressure - the pressure in the f l a t j a c k  
required to re tu rn  the rock to i t s  i n i t i a l  pos i t ion .

1.3.2 Equations. The c a lc u la t io n  of stress and modulus o f  de­
formation from f l a t j a c k  data is  inf luenced by the complex loading 
geometry o f  the t e s t .  In a d d i t io n ,  the load appl ied by the f l a t ­
jack is  not the same as the load o r i g i n a l l y  act ing on the rock.
The jack expands in  one d i re c t io n  only,  so la te ra l  and shear 
components are not restored. This is  p a r t i c u la r l y  s ig n i f i c a n t  
when the jack is  not al igned w ith  a p r inc ipa l  st ress.  Several

C.3-1



e la s t i c  models and assumptions have been used to  compensate fo r  
these fa c to rs ,  leading to  varied and sometimes con t rad ic to ry  
methods o f  data reduct ion. The equat ions presented here are 
among the more widely  accepted and have been found to  produce 
re su l ts  comparable w i th  those of o ther  in  s i tu  methods. The 
analys is  o f data, however, i s  dependent on s i t e - s p e c i f i c  fac to rs  
such as geology and the e x is t in g  s t ress  f i e l d .  In the fu tu re ,  
i n d iv id u a l i z e d  analys is  of each t e s t  by numerical techniques such 
as f i n i t e  element methods may prove to be the most e f f e c t i v e  
approach.

I . 3 .2 .1  The ca n ce l la t io n  pressure i s  not necessari ly  equal 
to  the skin s tress because o f  the fac to rs  discussed above.
Skin s tress ca lc u la t io n s  f a l l  i n to  two major categories: 
one in  which deformations are measured on one side o f the 
f l a t j a c k  s l o t ,  and one in  which deformations are measured 
across the s lo t .

When deformation is  measured between poin ts  on one side of 
the f l a t j a c k  s l o t ,  the skin s tress i s  ca lcu la ted using e la s t i c  
theory and s t r a i n .  T in c e l in  (1952) found th a t  the s t ra in  
caused by c u t t i n g  the s lo t  was s im i l a r  to  the s t ra in  produced 
by a long e l l i p t i c a l  opening in  an e la s t i c  p la te ,  and the 
s t r a i n  produced by the f l a t j a c k  was s im i la r  to  tha t  caused 
by un i fo rm ly  loading the edge o f  a s e m i - i n f i n i t e  p la te .  The 
r a t i o  o f  actual s t ress  to ca n ce l la t io n  pressure is  shown 
in  Table 1.1 f o r  cance l la t ions  measured at various distances 
from the s l o t ,  and f o r  several Poisson's ra t io s .  These 
fac to rs  were derived by T in ce l in  f o r  a 1-meter-square (1.09 yd) 
f l a t j a c k ,  but are not s u b s ta n t i a l l y  d i f f e r e n t  f o r  jacks nearly 
t h i s  s ize. F ie ld  experience ind ica tes  th a t  t h i s  tab le  cannot 
be used to  co r rec t  c a n ce l la t io n  pressures d i r e c t l y ,  but only 
as an i n d ic a t io n  o f where to loca te  the cance l la t ion  measuring 
po in ts  to  minimize e r ro r .  In p ra c t i ce ,  skin stress measure­
ments are made close enough to  the s lo t  tha t  they may be 
assumed to  equal the ca n ce l la t io n  pressure w i th in  an accep­
ta b le  e r ro r .

When deformation is  measured between poin ts  on opposite 
sides of the f l a t j a c k  s l o t ,  e l a s t i c  theory and defonnation 
are used to  ca lcu la te  skin s t ress .  Alexander (1960) as­
sumed th a t  the deformations due to  c u t t in g  t h e ' s l o t  were 
s im i l a r  to  the deformations caused by a f i n i t e  e l l i p t i c a l  
opening in  a un iform ly  loaded e la s t i c  p la te ,  and the d e fo r ­
mations caused by the jack were s im i l a r  to  those caused by 
an i n f i n i t e l y  th in  e l l i p t i c a l  opening the length o f the 
jack .  The deformation on one side o f the jack ,  due to 
c u t t i n g  the s l o t ,  W, i s  given by the fo l low ing  equations:
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“ o = -  r ]  + ) / ( '  ♦ (*)C" " C‘

“ l  = ^  [ ( - 2  w) C(1 *  ■ h  * ( i + v ) / ! !  t  4 ) ^ ' " ^ ]w c c
«2 = -Wl I  (3)

W = Wq + Wi + W2  (4)

where:
W = displacement on one side of the s lo t  during cu t ­

t i n g  o f  an i n f i n i t e l y  th in  s lo t

= displacement on one side of the s lo t  due to f i n i t e  
s lo t  width

Wp = displacement on one side of the s lo t  due to b iax ia l  
st ress

S = rock s tress normal to  the jack 

Q = rock s tress p a ra l le l  to  the jack 

C = h a l f - l e n g th  of the s lo t

Y = dis tance o f measuring po in t  from center l i n e  of 
jack

Y^ = h a l f -w id th  of s lo t

E = modulus o f deformation of the rock mass 

U = Poisson's r a t i o  o f  the rock mass.

The deformation caused by pressur iz ing the jack ,  W., is  
given by:

PC, r  v2

c: 0 c‘ (5)

where:
P = jack pressure

= h a l f - le n g th  o f jack .

At ca n ce l la t io n  pressure,

W = W.  ( 6 )
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Table 1.1

Ratio o f Skin Stress to  Cance l la t ion  Pressure 

f o r  1-Meter-Square ( 1 .09-yd-square) F la t jack  

( a f t e r  T in c e l i n ,  1952)

Distance Poisson's Rat io o f  Rock
“om s lo t 0.10 0.20 0.33 0.50

0 0.99 0.99 0.98 0.92

0.1 L 0.98 0.98 0.94 0.89

0.2 L 1.00 0.98 0. 93 0.88

0.3 L 1.04 1.01 0. 98 0.93

0.4 L 1.10 1.08 1.02 1.01

0.5 L 1.20 1.17 1.11 1.08

0.6 L 1.31 1.27 1.24 1.18

0.7 L 1.44 1.39 1.37 1.30

0.8 L 1.58 1.52 1.48 1.38

0.9 L 1.71 1.69 1.61 1.46

1.0 L 1.87 1.83 1.73 1.53

L = width o f  f l a t j a c k ..
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r# Solving f o r  the sk in  s t ress ,  S, y ie ld s  the fo l low ing  general 
ized equat ion:

S = aP + bQ (7)

where:
a,b = c o e f f i c i e n t s  depending on rock propert ies and 

t e s t  geometry.

I t  should be noted th a t  these equations assume tha t  the jack 
i s  a l igned w i th  the p r in c ip a l  skin stresses.

1 .3 .2 .2  Undisturbed s t ress  le v e l .  An underground opening 
w i l l  produce stress concentra t ions in  the rock surrounding 
the opening. These s tress concentra t ions, which are the 
skin st resses, are re la ted  to  the size and shape of the 
opening, the r e la t i v e  magnitudes o f the undisturbed st resses, 
and the mater ia l  p roper t ies  o f the rock adjacent to  the 
opening. While undisturbed stress leve ls  are not measured 
d i r e c t l y ,  they may be estimated by use o f e la s t i c  theory, 
such as so lu t ions  f o r  holes in  p la tes .

1 .3 .2 .3  The modulus o f  deformation ca lcu la t ions  again f a l l  
i n to  two categories . When deformation is  measured on one 
side o f the s l o t ,  the modulus, E, is  ca lcu la ted using (Dodds, 
1969):

F = f a]
^ 2ttAY

where:
P = pressure in  f l a t j a c k  

L = d is tance between measuring points  

R = s tress d i s t r i b u t i o n  fa c to r  

AY = deformation between measuring poin ts .

The s tress d i s t r i b u t i o n  fa c to r ,  R, i s  ca lcu la ted:

R=Aq+sinAq- y(Aq-sinAq)+A^+sinA 2 - y(A^-s inA^)  (9)

where:
y = Poisson's r a t i o  o f the rock

A ,Az = angles between the measuring points and 
^ the edges of the f l a t j a c k ,  as shown on

Figure 1.1.
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GROUTFLATJACK ROCK FACE

MEASURING PO INTS

FIG. 1.1 D E F IN IT IO N  OF GEOMETRIC TERMS  
FOR MODULUS DETERM INATION.
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When deformation measurements are taken across the s l o t .  
Equation 5 above is  rearranged to  solve fo r  the modulus, E:

E = K P_ (10)
AY

where:
P = pressure in  f l a t j a c k  

AY = deformation between measuring points 

K = c o e f f i c i e n t  dependent on te s t  geometry.

1.3.3 Assumptions and fac to rs  in f luenc ing  the data.

1 .3 .3 .1  The stress r e l i e f  i s  assumed to  be an e la s t i c ,  
re ve rs ib le  process. In non-homogeneous or h igh ly  f r a c ­
tured m a te r ia ls ,  t h i s  may not be completely t rue.

1 .3 .3 .2  The equat ions assume th a t  the rock mass is  i s o ­
t r o p i c  and homogeneous. An isot rop ic  e f fe c ts  may be e s t i ­
mated by te s t in g  in  d i f f e r e n t  o r ie n ta t io n s .

1 .3 .3 .3  The f l a t j a c k  i s  assumed to be 100% e f f i c i e n t .
The design and s ize requirements o f Section 3.1 were 
determined to  s a t i s f y  t h i s  requirement to w i th in  a few 
percent.

1 .3 .3 .4  The jack i s  assumed to be al igned with  the p r i n ­
c ipa l  stresses on the surface of the opening. The opening 
i t s e l f  tends to a l ign  the stresses with  the axes of sym­
metry to  some exten t .  In a d d i t io n ,  the required te s t  
o r ie n ta t io n s  prevent the misal ignment from being excessive 
fo r  at leas t  one of the te s ts .

1.4 References.

1.4.1 Alexander, L.O. ,  1960, "F ie ld  and Laboratory Tests in 
Rock Mechanics", Third A u s t ra l ia  - New Zealand Conference on 
Soil Mechanics and Foundation Engineering, Sydney, Aus t ra l ia .

1.4.2 Dodds, D.J. , 1969, F la t ja ck  Tests , Foundation Sciences, 
I n c . ,  Report to  the Army Corps o f  Engineers, Missouri  River D is ­
t r i c t  Laboratory, Por t land, Oregon.

1.4.3 Panek, L. A. and Stock, J. A .,  1964, Development of a Rock 
Stress Monitor ing S ta t ion  Based on the F la t  S lo t Method of 
Measuring Ex is t ing  Rock S t ress , Bureau o f Mines Report of In -  
ves t ig a t io n  6537, Dept, of  the I n t e r i o r ,  Washington, D.C.

1.4.4 T in c e l i n ,  M.E., Mesure des pressions de te r ra in s  dans les 
mines de fe r  de 1 'Est :  Annales de I ' I n s t i t u t  Technique de
Batiment et des Travaux Publ ics, se r ie :  Sols et Foundations,
No. 58, pp. 972-990. Trans, by B r i t t ,  S.H., 1953, U.S. Geol. 
Survey open f i l e  report  No. 28927, Washington, D.C.
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2.0 P re requ is i tes  • a
2.1 Personnel p r e q u a l i f i c a t i o n .

2.1.1 Test personnel. A l l  personnel involved in  performing 
the t e s t ,  inc lud ing  the Technicians and Test Superv isor,  shal l  
be fo rm a l ly  p re q u a l i f ie d  under the Qua l i t y  Assurance proce­
dures estab l ished as par t  o f  the ove ra l l  t e s t in g  program.

2.1 .2  D r i l l i n g  personnel. Qua l i ty  d r i l l i n g  i s  important to 
achievement o f  successful  f l a t j a c k  te s t s .  The d r i l l i n g  personnel 
sha l l  be f a m i l i a r  w i t h ,  and have had experience in ,  d r i l l i n g  
underground.

2.2 Equipment performance v e r i f i c a t i o n .

The compliance o f  a l l  equipment and apparatus w ith  the p e r fo r ­
mance s p e c i f i c a t io n s  in  Section 3.0 o f  t h i s  procedure shal l  
be v e r i f i e d .  I f  no requirements are stated in  Section 3.0, 
the manufacturer 's  s p e c i f i c a t io n s  f o r  the equipment shal l  be 
the requi red level  of performance. Performance v e r i f i c a t i o n  
i s  genera l ly  done by c a l i b r a t i n g  the equipment and measurement 
systems. C a l ib ra t io n  and documentation shal l  be accomplished 
according to  standard Qual i ty  Assurance procedures.

2.3 C r i t e r i a  f o r  t e s t  s i t e  s e le c t io n .

2.3.1 Tests in  orthogonal d i r e c t i o n s . The f l a t j a c k  most ac­
c u ra te ly  determines the s tress p a ra l le l  to the long axis o f  the 
a d i t ,  because t h i s  s tress is  the le a s t  concentrated. (The other 
tangent ia l  s t ress  is  h igh ly  concentra ted) .  In a d d i t io n ,  i f  the 
a d i t  is  in  a s tress f i e l d  where one of the stresses is  s i g n i ­
f i c a n t l y  la rg e r  than the others (3 or 4 t im es ) ,  ce r ta in  loca­
t io n s  in  the a d i t  may be in very low compressive or te n s i le  
s t ress .  F la t ja ck  te s ts  in  these loca t ions  can give anomalous 
and misleading re s u l t s .  Because o f these fa c to rs ,  the te s t  
a d i t  should have at leas t  two, and p re fe rab ly  th ree ,  long
(at leas t  4 to  5 times the d iameter) ,  s t r a ig h t  sect ions at about 
90° to  each o ther .  Test ing should be d is t r i b u te d  evenly in 
a l l  th ree  sect ions to  provide redundant data and, i f  resu l ts  
in  one sect ion  are anomalous due to  the s tress f i e l d ,  to al low 
the program to  produce s u f f i c i e n t  usable data.

2.3 .2  Groups at each te s t  s t a t i o n . At leas t  one group o f jacks 
should be tested in  each a d i t  sect ion.  Each group should have 
th ree f l a t j a c k s  i n s ta l l e d  at 0° ,  45°, and 90° to  the long axis 
of the a d i t .  The jacks in each group should a l l  be placed in 
one part  of  the a d i t ,  i . e . ,  a l l  in  the r i b  or a l l  in  the crown.
The th ree jacks should be w i th in  20 f t  (6.1 m) o f each other  
along the length of the a d i t .

2 .3 .3  Tests in  d i f f e r e n t  m a te r ia l . D i f fe re n t  rock types can 
t ransmit  d i f f e r e n t  amounts o f s tress and have d i f f e r e n t  de- 
formational p rope r t ies .  Each rock type tha t  w i l l  be encountered
during cons t ruc t ion  should be tes ted .  _

• i
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2.3 .4  Local geologic fea tu res . Local fea tures ,  p a r t i c u la r l y  
f a u l t s ,  shear zones, e t c . ,  can in f luence the local s tress f i e l d .  
Large inc lus ions  in  the rock can a f fe c t  both the st ress and 
deformational p rope r t ies .  Test locat ions should be c a re fu l l y  
selected so th a t  the e f fe c t s  o f such features are minimized
o r ,  i f  they are the features o f i n t e r e s t ,  accounted f o r  f u l l y .

2.3.5 In f luence o f excavat ions. Other excavat ions in te rse c t in g  
the t e s t  a d i t  w i l l  cause complex s tress concentra t ion e f fec ts  
by superpos i t ion .  F la t ja ck  te s ts  should be located at least  
three diameters o f  the in te rs e c t in g  featu re  away from tha t  feature.

3.0 Equipment

3.1 F la t j a c k s .

F la t ja cks  sha l l  be designed to  operate at pressures o f  several 
thousand psi when proper ly  i n s t a l l e d .  The jacks shal l  be con­
s t ruc ted so th a t  the two main p la tes  move apart  in  a p a ra l le l  
manner over the range of the jack .  The range shal l  be at least  
0.25 in .  (6.35 mm). The jacks sha l l  be square and no less than 
2 f t  (0.61 m) wide.

3.2 Transducers.

3.2.1 Pressure. E le c t ro n ic  transducers or hydraul ic  gages may 
be used to  monitor  f l a t j a c k  pressure. The pressure transducer 
shal l  have an accuracy o f  at leas t  20 psi (0.14 MPa), inc lud ing  
er ro rs  int roduced by the readout system, and a reso lu t ion  o f at 
leas t  10 psi  (0.069 MPa).

3.2.2 Deformation. Deformation transducers include d ia l  gages,
Whittemore-type s t r a in  gages, and e le c t ro n ic  transducers such as 
LVOTs or  l i n e a r  potent iometers. The transducer shal l  have an 
accuracy o f  at leas t  ^  0.0001 in .  (0.0025 mm) and a reso lu t ion  
of at le a s t  0.00005 in .  (0.0013 mm).

3 .2 .2 .1  For s tress dete rminat ions, "po in t "  measuring de­
vices such as s t r a i n  gages or borehole deformation gages 
may be used to  obta in  cance l la t ion  values.

3 .2 .2 .2  For modulus determinat ions, the transducer shal l  
measure deformation across at leas t  10 in .  (25.40 cm) o f  
rock, or over a longer length i f  necessary to encompass a 
representa t ive  mass o f the rock.

3.3 Mor ta r .

Mortar sha l l  be used to  cement the f l a t j a c k  in to  the s lo t .  A 
h igh -ea r ly  s t rength ,  non-shrink mater ial  shal l  be used, such 
as Embeco or Five Star grout .  The mortar may include up to 
50% clean sand by weight,  with gra in size between 20- and 60- 
mesh. Clean, potable water sha l l  be used fo r  the mortar.
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3.4 D r i l l i n g  equipment.

Equipment f o r  d r i l l i n g  the s l o t  may be e i t h e r  ro ta ry  (core or 
plug) or percussive. Rotary d r i l l i n g  sha l l  be used in  weak or 
f rac tu red  rocks where percussive d r i l l i n g  would damage the 
adjacent rock. D r i l l i n g  f o r  deformation transducers depends on 
the type o f transducer chosen; percussion is  genera l ly  ac­
ceptab le , but ro ta ry  may be required f o r  borehole devices.

4.0 Test ing

4.1 Surface p repara t ion .

4.1.1 Dimensions. The prepared surface shal l  extend a t leas t
1 f t  (0.31 m) past e i t h e r  end o f  the f l a t j a c k  s lo t  and a t leas t  
1 f t  (0.31 m) past the fu r th e s t  measuring po in ts .  The transducers 
o r  f l a t j a c k  sha l l  not be w i t h in  1 f t  (0.31 m) o f unprepared 
sur face a t  any p o in t .  The prepared surface dimensions are shown 
on Figure 4.1.

4 .1 . 2  Method. Percussion d r i l l i n g  to  a uniform depth is  re ­
commended to prepare the rock face. Residual rock between the 
d r i l l  holes may be removed by moving the b i t  back and fo r th  un­
t i l  a smooth surface is  achieved. A l t e r n a t i v e l y , in  hard, com­
petent rock, co n t ro l le d  b la s t in g  w ith  very small charges may
be used to  remove the residual rock. In s o f te r  m a te r ia l ,  coarse 
g r ind ing  or c u t t i n g  devices may be required.

4 .1 .3  Rock q u a l i t y . The f l a t j a c k  and deformation transducers 
sha l l  be i n s ta l l e d  in  sound rock. Loose and broken rock from the 
excavat ion process sha l l  be removed. Deeper breaks may be detected 
by a d u l l ,  ho l low sound when struck w ith  a hammer; such materia l  
sha l l  also be removed.

4 .1 .4  Smoothness. I d e a l l y ,  the prepared surface sha l l  be a plane. 
The d i f fe re nce  between the h ighest  and lowest po in ts  on the pre­
pared sur face sha l l  be not g rea te r  than 2 in .  (51 mm).

4.2 Transducer i n s t a l l a t i o n .

Transducers sha l l  be i n s t a l l e d  on the center  l i n e  normal to 
the f l a t j a c k ,  e i t h e r  at the surface or at depth. A recommended 
measuring setup is  shown on Figure 4.1.

4.2 .1  Stress de te rm ina t ion . Transducers f o r  s tress determin­
a t ion  sha l l  be i n s ta l l e d  w i t h in  L/2 o f the f l a t j a c k  s l o t ,  where 
L i s  the width o f the f l a t j a c k .  I f  surface measuring po in ts  
are used, the e n t i r e  deformation in te rva l  sha l l  be w i th in  L/2.
For ca n ce l la t io n  measurements on the same side of the s l o t ,  i t  
i s  recommended th a t  the transducer remain in s ta l l e d  f o r  the 
dura t ion  of the t e s t ,  ra the r  than being removed during the s l o t -  
c u t t i n g  operat ion. I f  surface measuring po in ts  are in s ta l l e d  in 
the rock face, the mortar sha l l  set f o r  at leas t  24 hours p r i o r  
to i n i t i a l  reading.
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4.2 .2  Modulus de te rm ina t ion . The transducer gage length fo r  
modulus measurements sha l l  be a t leas t  10 in .  (25.40 cm). Sur­
face measuring po in ts  w i th  p rov is ion  fo r  ac ross - the -s lo t  measure­
ments are recommended. These transducers may be i n s ta l l e d  a f t e r  
the s lo t  i s  c u t ;  i f  mortar i s  used, i t  shal l  set at leas t  
24 hours before readings are taken.

4.3 I n i t i a l  measurements.

I n i t i a l  measurements sha l l  be taken p r io r  to  c u t t in g  the s lo t .
I f  a Whittemore-type s t r a i n  gage is  used, i t  sha l l  be zeroed 
against an Invar standard, and a t  leas t  12 readings sha l l  be 
taken across each set o f measuring po in ts .  I f  e le c t ro n ic  t r a n s ­
ducers are used, readings sha l l  be taken at 1 minute in te rv a ls  
u n t i l  th ree  consecut ive readings are s tab le  w i th in  the l i m i t a ­
t io n s  o f  the equipment.

4.4 S lo t  c u t t i n g .

The s lo t  i s  genera l ly  formed by d r i l l i n g  overlapping holes with  
a s u i ta b le  guide. The s l o t  sha l l  be no more than 3 in .  (76 mm) 
wide, and extend no more than 3 in .  (76 mm) past the edges of 
the f l a t j a c k .  I t  sha l l  be deep enough th a t  the f l a t j a c k  may be 
inser ted 3 in .  (76 mm) beyond the lowest po in t  on the rock face 
adjacent to  the s l o t .  Care sha l l  be taken th a t  the holes are 
p a r a l l e l ,  to  keep the s l o t  from becoming unacceptably large at 
depth. The s lo t  sha l l  be washed clean o f a l l  d i r t  and d r i l l  
c u t t i n g s ,  using clean water.

4.5 Relaxat ion measurements.

Deformation sha l l  be measured immediately upon completion of 
s l o t  c u t t i n g ,  and again immediately p r i o r  to  t e s t in g .  I f  the 
rock undergoes s t r a in  under constant load over a period of 
t ime, several in termediate  readings shal l  be taken to  evaluate 
t h i s  e f f e c t .

4.6 F la t ja ck  i n s t a l l a t i o n .

F la t ja cks  sha l l  be centered in  the s lo t  and recessed 2 in .  (51 mm) 
from the face o f the excavat ion to  minimize the p o s s i b i l i t y  o f 
rupture during p re ssu r iza t ion .  The mortar surrounding the jack 
sha l l  be f ree  from voids. The jack shal l  be in s ta l l e d  at leas t  
24 hours p r i o r  to  te s t i n g .

4.7 F la t ja ck  t e s t i n g .

4 .7 .1  Cance l la t ion  and modulus. The f l a t j a c k  pressure sha l l  be 
raised in  100 psi  (0.69 MPa) increments u n t i l  cance l la t ion  of 
a l l  measuring po in ts  has been achieved. Deformation shal l  be 
read a f t e r  each pressure increment. The peak cance l la t ion  pres­
sure sha l l  be maintained fo r  15 minutes to  check f o r  t ime-depen­
dent deformat ion; deformation readings sha l l  be taken every 
5 minutes. The pressure shal l  be reduced in  100 psi  (0.69 MPa) 
decrements to  zero, w i th  deformation read a f t e r  every decrement. 
Zero pressure sha l l  be maintained f o r  15 minutes to  check fo r
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t ime-dependent deformation; deformation readings shal l  be taken 
every 5 minutes. The cycle shal l  be repeated, except that 10 
equal pressure increments and decrements shal l  be used. Jack 
pressure sha l l  never exceed cance l la t ion  pressure.

4.7.2 Creep. Time-dependent deformation may be measured by main­
ta in in g  a f ixed  pressure in  the f l a t j a c k  and measuring de fo r ­
mation p e r io d ic a l l y .  The pressure level shal l  be not greater 
than the ca n ce l la t io n  pressure.

4.8 Data recording requirements.

The data shown on Form GT-C.3-1 sha l l  be recorded as a minimum.

5.0 Reporting

The purpose o f t h i s  sect ion is  to  es tab l ish  the minimum requirements 
f o r  a complete and usable repor t .  Further  d e ta i l s  may be added as 
appropr ia te ,  and the order o f items may be changed i f  necessary. 
App l ica t ions  o f the te s t  r e su l t s  are beyond the scope of t h i s  pro­
cedure, but may be an in te g ra l  part  o f  some te s t in g  programs. In 
th a t  case, an app l ica t ions  sect ion compatible with the format de­
scribed below should be included.

5.1 In t roduc to ry  sect ion o f the re p o r t .

The in t ro du c to ry  sect ion i s  intended to  present the scope and 
purpose of the te s t in g  program, and the ch a rac te r is t ie s  o f the 
mater ia ls  tes ted.

5.1.1 Scope o f te s t in g  program.

5 .1 .1 .1  Locat ion and o r ie n ta t io n .  The loca t ion  and o r ie n ­
t a t i o n  o f each f l a t j a c k  sha l l  be presented. A graphic 
p resenta t ion i s  recommended.

5 .1 .1 .2  Rat ionale f o r  t e s t  loca t ion  se lec t ion .  The reasons 
f o r  se lec t ing  in d iv idu a l  t e s t  loca t ions  shal l  be discussed.

5 .1 .1 .3  L im i ta t io n s  o f the te s t in g  program. The areas of 
i n t e r e s t  which are not covered by the te s t in g  program and 
the l im i t a t i o n s  o f  the data w i th in  the areas of app l ica t ion  
sha l l  be discussed in  general terms.

5.1.2 B r i e f  d e sc r ip t io n  o f  the t e s t  s i t e  geology. The geology
of each t e s t  loca t ion  shal l  be described inc lud ing the rock type, 
f ra c tu re s ,  a l t e r a t i o n s ,  i nc lu s ion s ,  e tc .  A simple geologic map 
of the te s t  a d i t  at  the f l a t j a c k  lo ca t io n ,  showing the jack 
and measuring po in ts ,  i s  recommended.

5.2 Test method.

5.2.1 Equipment and apparatus. A de ta i led  l i s t i n g  o f the equip­
ment a c tu a l l y  used f o r  the te s t  shal l  be included in the report .  
The name, model number, and basic sp e c i f ica t io n s  of each major 
pi ece sha l1 be 1i sted.
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5.2.2 Procedure. The procedure a c tu a l l y  used fo r  the te s t  shal l  
be l i s t e d  in  de ta i led  steps.

5.2.3 V a r ia t io n s . I f  the actual equipment or procedure varies 
from the requirements contained in  t h i s  procedure, each v a r ia ­
t i o n  and the reasons f o r  i t  sha l l  be noted. The e f fe c t  o f the 
va r ia t io n  upon the te s t  resu l ts  shal l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equat ions used to  reduce 
the data sha l l  be c le a r l y  presented and f u l l y  def ined. Any 
assumptions inherent in  the equat ions and any l im i t a t i o n s  in 
t h e i r  app l ica t ions  sha l l  be noted, and t h e i r  e f fe c t s  on the 
resu l ts  discussed.

5.3.2 S i t e - s p e c i f i c  i n f lu e n ce s .

5 .3 .2 .1  Assumptions. The degree to  which the actual t e s t  
s i t e  cond i t ions  conform to  the assumptions contained in  the 
data reduct ion equat ions shal l  be discussed.

5 .3 .2 .2  Correct ion fa c to rs .  Any fac to rs  or methods appl ied 
to  the data to co r rec t  f o r  a nonideal s i t u a t i o n  shal l  be 
f u l l y  explained.

5.4 Resul ts .

5.4.1 Summary o f  r e s u l t s . A ta b le  inc lud ing  rock types, o r ie n t -  
a t ions ,  average ca n ce l la t io n  pressures and skin s tress values, 
average modulus of deformation values, ranges, and uncer ta in t ies  
sha l1 be presented.

5.4.2 Ind iv idua l  r e s u l t s . A tab le  inc lud ing  t e s t  numbers, rock 
types, o r ie n ta t i o n s ,  re la xa t io n  deformation, cance l la t ion  pressure, 
skin s t ress ,  and modulus o f defonnat ion values sha l l  be pre­
sented.

5 .4 .3  Graphics. Typical pressure vs. deformation curves fo r  
each rock type sha l l  be presented.

5 .4 .4  Creep. Deformation vs. t ime curves fo r  a l l  creep tes ts  
sh a l1 be presented.

5 .4 .5  Other. The fo l lo w ing  o ther  types o f data analyses and pre­
sentat ions may be inc luded, as appropr ia te.

5 .4 .5 .1  Histogram of re s u l t s .

5 .4 .5 .2  Comparison o f r e su l t s  to re su l ts  from other types 
of in  s i t u  te s ts .

5 .4 .5 .3  Est imate o f undisturbed s tress leve ls .

5 .4 .5 .4  Comparison o f re su l ts  to other  s tudies.

5.5 Er ro r  es t imate .

The resu l ts  sha l l  be analyzed using standard s t a t i s t i c a l  methods. 
A l l  u n ce r ta in t ie s  sha l l  be ca lcu la ted using a 95% confidence 
i n te r v a l .
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5.5.1 Measurement e r r o r . The e r ro r  associated w ith  a s ing le  
te s t  sha l l  be evaluated. This includes the combined e f fe c ts  of 
d l l  pressure and deformation measurements.

5.5.2 Rock mass v a r i a b i l i t y . For each su i te  o f s im i la r  te s ts ,  
the mean modulus o f deformation, the range, standard devia t ion 
and 95% conf idence l i m i t s  fo r  the mean shal l  be ca lcu la ted ,  as 
a minimum. The uncer ta in ty  o f the group shal l  be compared with  
the measurement uncer ta in ty  to determine whether measurement 
e r r o r  or sample v a r i a b i l i t y  i s  the dominant fa c to r  in the resu l ts .

5.5.3 Group c o r r e l a t i o n . When appropr ia te , the means of groups 
sha l l  be canpared to  determine whether the observed d i f fe rences 
between groups are s i g n i f i c a n t  at the 95% confidence leve l .

5.6 Appended data.

5 .6.1 Pressure vs. deformation curves. A pressure vs. deforma­
t i o n  curve f o r  each te s t  shal l  be included in an appendix.

5 .6.2 Data sheets. A completed Form GT-C.3-1 fo r  each te s t  shal l  
be included in  an appendix.

6.0 Qua l i ty  Assurance

The fo l low ing  items are the minimum requirements to ensure tha t  the 
te s t  re su l ts  are defendable and traceab le .  I t  is  not the in ten t  of 
t h i s  sect ion to  e s ta b l ish  Qua l i t y  Assurance procedures, but to iden­
t i f y  those po in ts  during the t e s t  where Qual i ty  Assurance act ion is  
requi red.

6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to t e s t i n g ,  a l l  personnel sha l l  be p requa l i f ied  as described 
in  Section 2.1.

6.2 Test inspec t ion .

Qua l i ty  Assurance personnel sha l l  review the te s t  setup, the te s t  
procedure, and the performance v e r i f i c a t i o n  of the equipfnent.
A f t e r  t e s t i n g ,  the completed Form GT-C.3-1 shal l  be reviewed, and 
signed o f f  only  i f  co r rec t .

6.3 Required documentation.

6 .3 .1  Equipment performance v e r i f i c a t i o n . Qual i ty  Assurance 
sha l l  maintain complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6 .3 .2  Equipment se r ia l  numbers. Qual i ty  Assurance shal l  v e r i f y  
tha t  se r ia l  numbers o f a l l  equipment used in the te s t  are re ­
corded on Form GT-C.3-1.

6 .3 .3  Test s i g n - o f f s . Qual i ty  Assurance shal l  maintain signed- 
o f f  copies o f Form GT-C.3-1.
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In S i tu  Stress and Modulus o f Deformation Determination 
Using the F la t jack  Method

Test Data Sheet - Form GT-C.3-1

Pro ject
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Rock Type

Test No.

Test Locat ion 

Or ien ta t ion

Equi pment 
Descri p t ion Ser ia l  No.

Date o f Next 
Ca l ib ra t ion

Sketch of f l a t j a c k ,  geology, and measurement geometry:



Form GT-C.3-1 
Pg. 2

Deformation
Date Time By Pressure No. 1 No. 2 No. 3 Remarks

Test S u p e rv is o r______________________________  Date

Qua l i t y  Assurance ____________________________  Date

Pro ject En g in e e r_____________________________  Date



Procedure GT-D.1

In S i tu  Modulus o f  Deformation Determination 
Using the NX Borehole Jack

1.0 Background

1.1 Scope.

1.1.1 Object ive o f t h i s  t e s t . The ob jec t ive  of t h i s  t e s t  is  
to measure the in  s i t u  modulus o f  deformation at var ious depths 
and o r ie n ta t io n s  in a rock mass. Information on time-dependent 
deformation may also be obtained.

1 .1 .^  L im i t a t io n s . The volume of rock tested i s  only about 
1 f t  (0.028 m ) ,  which may not include enough d is c o n t in u i t ie s  
f o r  the t e s t  resu l ts  to  be representa t ive of a la rge r  sect ion 
of the rock mass.

1.2 General d esc r ip t ion  o f the t e s t .

The borehole jack exerts  pressure on two opposing sides o f 
an NX (3 - in .  (76 mm)-diameter) borehole over a length o f approxi ­
mately 8 in .  (20 cm), by fo rc ing  two curved r i g i d  pla tes in to  
the borehole w a l l .  Deformation between the plates is  measured 
by l i n e a r  va r iab le  d i f f e r e n t i a l  t ransformers (LVDTs). Pressure 
i s  measured w ith  a standard hydrau l ic  transducer.  During the 
t e s t ,  the pressure i s  cycled incrementa l ly  and deformation is  
read a t each increment. The modulus is  then ca lcu la ted. To 
determine time-dependent behavior,  the pressure is  held constant 
and deformation is  observed over time.

1.3 Data reduc t ion .

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  Deformation - the change in  the diameter o f the 
borehole.
1 .3 .1 .2  Stress - force per u n i t  area.

1.3.2 Equations and co r re c t io n s .

1 .3 .2 .1  The modulus o f deformation, E, is  ca lcu la ted 
using (Goodman et a l . ,  1968);

E •  0.86K(p.8) ^  (1)

where:
K(y,B) = a func t ion  o f Poisson's r a t i o ,  y , and the 

h a l f  contact angle, B

AQ = change in pressure on borehole wal l

AU = change in borehole diameter

d = borehole diameter.

The values of K fo r  var ious Poisson's ra t ios  and a h a l f
contact angle of 45° ( f u l l  p la ten/borehole con tac t ) ,  are 
given in  Table 1.1.
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Table 1.1 ■
Values o f K (y,  45°)

( a f t e r  Goodman, 1968)

on's  Rat io K (u, 45°)

0 1.282
0.05 1.288
0.10 1.288
0.15 1.282
0.20 1.271
0.25 1.254
0.30 1.232
0.35 1.204
0.40 1.170
0.45 1.131
0.50 1.087

A tangent modulus may be ca lcu la ted  i f  the r a t i o  of 
pressure change to  diameter change in Equation 1 is  
evaluated instantaneously :

_ 9Q / p \
AU " 9U

I t  may be seen t h a t  i s  the slope at any po in t o f the 
pressure vs. deformation curve shown on Figure 1.1.

A secant modulus may be ca lcu la ted i f  the pressure and 
diameter change are re la ted  to  the i n i t i a l  values 
usi ng:

A Q  ,  Q ( t ) - Q ( l )  ( 3 )
H I  'A)

where:
Q ( i ) = pressure on borehole wal l  at  pressure level  i

Q ( l )  = i n i t i a l  pressure level on borehole wal l

U ( i )  = borehole diameter at pressure level i

U ( l )  = i n i t i a l  borehole diameter.

The secant modulus i s  shown on Figure 1.2.

Modulus values may also be ca lcu la ted  over any f i n i t e  
segment o f the pressure-deformation curve as requi red.

1 .3 .2 .2  The pressure on the borehole w a l l ,  Q, i s  re la ted 
to the pressure in  the hydrau l ic  system, S, as fo l lows:

Q = kS (4)
where:

k = a constant inherent to the model of borehole jack 
being used.
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FIG. 1.1 PRESSURE AND DEFORMATION USED IN 
CALCULATION OF TANGENT MODULUS.
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FIG. 1.2 PRESSURE AND DEFORMATION USED IN 
CALCULATION OF SECANT MODULUS.
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1 .3 .2 .3  The modulus values obtained w ith  the borehole 
jack are genera l ly  low (Meyer and McVey, 1974). Several 
co r rec t io n  methods e x is t .

a) Heuze and Salem (1976) have a t t r i b u te d  low 
modulus values to  lon g i tud ina l  f le xu re  o f the 
loading p la tens. They derived a co r rec t ion  
curve from a f i n i t e  element ana lys is .  The 
polynomial form o f  the curve i s :

= -0. 2259+1.989E-2.383E^+2.4467E^-1.0258E^+0.19376E^-0.012017E® (5)

where: ,
E = corrected modulus value d iv ided by 10

fi
E = uncorrected modulus value d iv ided by 10 .

The uncorrected modulus value, E, i s  ca lcu la ted  
as In Sect ion 1 .3 .2 .1 .  Equation 5 i s  va l id  f o r  
uncorrected modulus values o f  1.0 to  4.0 x 10 psi 
(0.007 to  0.028 MPa), corresponding to  corrected 
modulus values o f  1.0 to  12.8 x 10 psi  (0^.007 to
0.088 MPa). Modulus values below 1.0 x 10 psi 
(0.007 MPa) are not corrected by t h i s  method, as 
lon g i tu d in a l  f le xu re  i s  a n e g l ig ib le  fa c to r  in  
s o f te r  m a te r ia ls .

b) H us t ru l id  (1976) a t t r i b u te s  low modulus values
to  incomplete contact between the loading platens 
and borehole wal l  due to  d i f fe rences in  r a d i i .
Using the data from Meyer and McVey (1974), he 
suggests th a t  the modulus, E, may be ca lcu la ted :

E = T* ^ ^ (6)
AU/d

where:
T* = a constant depending on Poisson's 

r a t i o ,  d ,  o f the rock and the h a l f  
constant angle, 3.

The values o f  T* are given in  Table 1.2.

c) Shuri (1981) studied the problem of borehole/ 
pla ten ra d i i  mismatch from a d i f f e r e n t  po in t of 
view than H us t ru l id  (1976). He developed a series 
of equat ions descr ib ing the mechanical i n te ra c t io n  
o f the pla ten and borehole, which may be used
to  simulate borehole jack te s ts .  He found th a t  
re su l ts  o f ind iv idua l  f i e l d  te s ts  did not co r re la te  
w i th  th e o re t ica l  p red ic t ions  and were not t o t a l l y  
corrected using Heuze and Salem's method.

•I
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TABLE 1 .2

V a lu e s  o f  T * F o r V a r io u s  H a lf  C o n ta c t  A n g le s  as a F u n c t io n  o f  P o is s o n 's  R a t io

<8
{D e g re e s )

P re s s u re  Range
( p s i )

POISSON'S RATIO
0 .0 0 .0 5 0 .1 0 0 .1 5 0 .2 0 0 .2 5 n .3 0 0 .3 5 0 .4 0 0 .4 5 0 .5 0

3 .5 1000-2000 5.201 5 .1 6 5 5 .1 0 1 5.009 4 ‘.888 4 .7 4 0 4 .5 6 3 4 .3 5 8 4 .1 2 4 3 .8 6 3 3 .573

4 .4 2000-3000 4 .6 4 1 4 .6 1 3 4 .5 6 0 4 .4 8 2 4 .3 7 9 4 .2 5 2 4 .1 0 0 3 .9 2 3 3.721 3 .4 9 4 3 .243

5 .2 3000-4000 4 .2 8 8 4 .2 6 5 4 .2 1 8 4 .1 4 9 4 .0 5 7 3 .9 4 3 3 .8 0 6 3 .6 4 6 3 .4 6 3 3 .2 5 8 3 .0 3 0

5 .7 4000 -5000 4 .1 1 1 4 .0 9 0 4 .0 4 6 3 .9 8 2 3 .8 9 5 3 .7 8 7 3 .6 5 7 3.506 3 .3 3 3 3 .1 3 8 2 .922

6 .3 5000-6000 3.931 3 .9 1 1 3 .8 7 1 3 .8 1 0 3 .7 2 9 3 .6 2 7 3 .5 0 5 3 .3 6 2 3 .1 9 8 3 .0 1 4 2 .309

6 .9 6000-7000 3 .7 7 6 3 .7 5 9 3 .7 2 1 3 .6 6 4 3 .5 8 7 3 .4 9 0 3 .3 7 4 3 .2 3 8 3 .0 8 2 2 .9 0 7 2 .7 1 3

7 .4 7000-8000 3 .6 6 3 3 .6 4 7 3 .6 1 1 3 .5 5 7 3 .4 8 3 3 .3 9 0 3 .2 7 8 3 .1 4 7 2 .9 9 8 2 .8 2 9 2.641

7 .8 8 000 -9000 3 .5 8 2 3 .5 6 6 3 .5 3 2 3 .4 7 9 3 .4 0 7 3 .3 1 7 3 .2 0 9 3 .0 8 1 2 .9 3 6 2 .771 2 .509

8 .3 9000 -10000 3 .4 8 8 3 .4 7 3 3 .4 4 1 3 .3 9 0 3 .3 2 1 3 .2 3 4 3 .1 2 9 3 .0 0 6 2 .8 6 5 2 .7 0 5 2 .528

a f t e r  H us t ru l id ,  1976 (see Ref. 1 .4.4)
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I f  a s u f f i c i e n t  number o f  te s ts  are performed
in  a s ing le  rock type, however, the d i s t r i b u t i o n
of re s u l t s  w i th  borehole diameter may be used 
to est imate the rock mass modulus.

1.3.3 Assumptions. ‘In these analyses, the rock is  assumed 
to  be homogeneous and i s o t r o p i c .  The e f fe c t  o f anisotropy 
i s  evaluated by s e le c t i v e l y  o r ie n t in g  the t e s ts ;  however, 
the data reduct ion equat ions discussed above are s t i l l  used. 
The e r ro r  which t h i s  introduces has not been evaluated.

1.4 References.

1.4.1 de la Cruz, R .U . , 1978, "Modi f ied Borehole Jack Method 
fo r  E la s t i c  Property Determinat ion in  Rocks", Rock Mechanics, 10.

1.4.2 Goodman, R.E. , Tran, K .V . , and Heuze, F .E . , 1968,
"Measurement o f Rock Deformabi1i t y  in  Boreholes",  Proceedings 
of the 10th Symposium on Rock Mechanics, U n ive rs i t y  o f  Texas 
at Aus t in ,  A us t in ,  Texas.

1.4.3 Heuze, F.E. and Salem, A. 1976, "P la te  Bearing and 
Borehole Jack Tests in  Rock - A F in i t e  Element A na lys is " ,  Pro­
ceedi ngs o f  the 17th Symposium on Rock Mechanics, Snowbird, Utah.

1.4.4 H u s t ru l id ,  W.A., 1976, "An Analys is  of the Goodman Jack",  
Proceedings o f  the 17th Symposium on Rock Mechanics, Snowbird, 
Utah.

1.4.5 Meyer, T.O. and McVey, J.R. , 1974, NX Borehole Jack 
Modulus Determinat ions in  Homogeneous, I s o t r o p i c ,  E la s t i c  
M a te r ia l s , Report of In ve s t ig a t ion s  7855, U.S. Bureau o f  Mines, 
Washington, D.C.

1.4.6 Shur i ,  F . S . , 1981, "Borehole Diameter as a Factor in  
Borehole Jack Resu l ts " ,  Proceedings o f the 22nd Symposium on 
Rock Mechanics, Cambridge, Massachusetts.

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing  the 
Technicians and Test Supervisor,  sha l l  be fo rma l ly  p re q u a l i f ie d  
under the Qua l i ty  Assurance procedures establ ished as part  of  
the o ve ra l l  t e s t i n g  program.

2.2 Equipment performance ver i  f i c a t i o n .

The compliance of a l l  equipment and apparatus w ith  the performance 
s p e c i f i c a t io n s  in  Section 3.0 o f  t h i s  procedure sha l l  be v e r i f i e d .  
I f  no requirements are stated in  Section 3.0, the manufacturer 's 
s p e c i f i c a t io n s  f o r  the equipment sha l l  be the required level o f 
performance. Performance v e r i f i c a t i o n  is  genera l ly  done by c a l i ­
b ra t ing  the equipment and measurement systems. C a l ib ra t io n  and 
documentation sha l l  be accomplished according to  Standard Qual i ty  
Assurance procedures.
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2.3 NX boreholes d r i l l e d .

2.3.1 Number and o r ie n ta t io n  o f boreholes. The number and 
o r ie n ta t io n  of the boreholes depends on the geometry o f the pro­
je c t  and the geology o f  the s i t e .

2 .3 .1 .1  Each type of rock should be tes ted. In add i t ion ,  
areas o f  low modulus o f  deformation w i th in  a rock mass, such 
as f ra c tu re  or  a l t e r a t i o n  zones, are o f  p a r t i c u la r  in te re s t  
and should be tes ted .

2 .3 .1 .2  Tests should be conducted at o r ien ta t ions  to sample 
the anisotropy o f  the rock mass, f o r  example, p a ra l le l  and 
perpendicu lar  to  the bedding in  a sedimentary sequence, or 
p a ra l le l  and perpendicu lar  to  the long axes o f the'columns 
in  a basal t  f low.  Boreholes should genera l ly  be orthogonal 
to  each o ther  and e i t h e r  p a ra l le l  or perpendicular to  the 
s t ru c tu re  o f the rock formation.

2 .3 .1 .3  A s u f f i c i e n t  number o f te s ts  should be conducted to 
a l low the s t a t i s t i c a l  methods described above to  be u t i l i z e d .  
At le a s t  30 te s ts  in  each rock materia l  are recommended.

2.3.2 Boreholes cored. The boreholes shal l  be d r i l l e d  using 
diamond core techniques. Continuous core should be obtained.

2.3.3 Core logged. The recovered core should be completely 
logged, w i th  emphasis on f rac tu res  and other mechanical non­
homogeneities, as described in  procedure GT-A.3 "Techniques fo r  
Logging Rock Core."

2.4 Test loca t ions  se lec ted.

Within each borehole, loca t ions  f o r  each te s t  should be selected 
based on the core logs. In some cases, observat ion of the
borehole w i th  a borescope may be usefu l .

2.4.1 Test ing a l l  m a te r ia ls . A l l  d i f f e r e n t  rock mater ials 
in  a borehole should be tested.

2 .4.2 Test ing d i s c o n t i n u i t i e s . Tests should be located both 
in  in ta c t  zones and f rac tu red  zones to evaluate the e f fec ts  
of the d is c o n t i n u i t i e s .

3.0 Equipment

3.1 NX borehole j a c k .

The borehole jack fo r  which the equat ions and correct ions o f 
Section 1.3 were derived is  c u r re n t ly  manufactured under patent.
The fo l low ing  s p e c i f ic a t io n s  are given:

range of t r a v e l : 0.50 i n . ,  from closed at 2.75 in.  to f u l l y
open at 3.25 in .  (12.70 mm, from closed at 
69.85 mm to  f u l l y  open at 82.55 mm) 

maximum pressure on borehole w a l l :  9300 psi (hard rock model)
(64.12 MPa)
5544 psi (so f t  rock model) 
(38.23 MPa)

deformation re so lu t io n :  0.001 in .  (0.025 mm)
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The maximum pressure i s  achieved w i th  a hydrau l ic  system pressure 
of 10,000 psi  (58.95 MPa). The deformation is  measured by LVDTs 
at each end o f the loading p la tens ,  which are re fe r red to  as the 
near and f a r  LVDTs.

3.2 Pressure transducer .

A hyd rau l ic  gage or  e le c t ro n ic  transducer may be used to  measure 
the hydrau l ic  system pressure. The transducer shal l  have an 
accuracy o f  a t leas t  _+ 20 psi (0.14 MPa), inc lud ing  e r ro rs  i n ­
troduced by the readout equipment, and a reso lu t ion  o f at least  
10 psi (0.07 MPa).

3.3 Casing alignment system.

The borehole jack  i s  attached to  BX d r i l l  casing and lowered in to  
p o s i t io n  in  the borehole. To determine the o r ie n ta t io n  of the jack ,  
an o r ie n ta t i o n  mark i s  t rans fe r red  to  successive sect ions o f  casing 
as they are added. To avoid in t roduc ing  a systematic and progressive 
e r r o r  i n to  the o r ie n ta t i o n ,  an al ignment device shal l  be used to  
t r a n s fe r  the mark from one casing sect ion to  another. In v e r t i c a l  
boreholes, a plumb l i n e  may be s u f f i c i e n t .  In inc l in ed  or hor izonta l  
boreholes, a marking guide such as the one shown on Figure 3.1 has 
been found s a t i s fa c to r y .

4.0 Testing

4.1 Boreholes.

Boreholes sha l l  be t o t a l l y  f ree from d i r t  and d r i l l  cu t t in g s .
The borehole sha l l  be washed w ith  clean water i f  necessary.

4.2 I n i t i a l  seat ing pressure.

When the jack i s  a t the te s t  loca t io n  and in  the desired o r ie n ­
t a t i o n ,  the hydrau l ic  pressure sha l l  be raised to 50 psi (0.34 MPa) 
to seat the pla tens against the borehole w a l l .  This pressure 
sha l l  be used as the "zero" pressure throughout the remainder 
of the t e s t .

4.3 Pressure l e v e l .

The rock sha l l  be tes ted to  the maximum capacity  o f  the jack 
or  u n t i l  f a i l u r e  occurs under the loading p la tens. Fa i lu re  
may be recognized by increas ing deformation without a co r re ­
sponding increase in  pressure. F a i lu re  should occur only in 
the weakest rock types.

4.4 Pressure cyc les .

In at le a s t  25% o f  the te s ts  in each rock m a te r ia l ,  m u l t ip le -  
pressure cyc l ing  to  p rogress ive ly  higher loads shal l  be conducted 
to evaluate permanent deformation and the e f fe c ts  o f  cyc l ing  on 
modulus. The peak pressures sha l l  be approximately 30, 60 and 100% 
of the maximum. During each cyc le ,  the pressure shal l  be increased 
in  10 equal increments and decreased in  10 equal decrements. At 
the end o f each cyc le ,  the pressure shal l  be returned to  the i n i t i a l
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FIG. 3.1 MARKING GUIDE ON SECTION OF BX CASING
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seat ing pressure. I f  cyc l ing  i s  not performed f o r  a p a r t i c u la r  ■
t e s t ,  the pressure sha l l  be raised to the maximum in  10 equal in c re -  
ments and lowered to  the seat ing pressure in  10 equal decrements.

4.5 Orthogonal Tests .

At each t e s t  depth in  the borehole, two te s ts  sha l l  be conducted
with  the d i re c t io n s  o f  appl ied load at 90° to  each other.  i

4.6 Time-dependent e f f e c t s .

Time-dependent deformation sha l l  be evaluated during the te s t  
by main ta in ing the maximum t e s t  pressure f o r  15 minutes and 
recording deformation at 5 minute i n te r v a l s .  When the pressure 
i s  reduced to  the i n i t i a l  seat ing pressure, deformation readings 
shal l  again be taken at 5 minute in te rv a ls  fo r  15 minutes. I f  
at  le a s t  three such determinat ions are made in  a given rock 
m a te r ia l ,  and the  deformation ind ica ted  by e i t h e r  LVDT does not 
change by more than 0.001 in .  (0.025 mm) over the 15-minute 
in te rva l  in  any o f  the t e s ts ,  i t  may be assumed th a t  the mater ial  
does not e x h ib i t  t ime-dependent behavior at these stress l e v e ls ,  
and t h i s  po r t ion  o f  the pressure cycle may be deleted f o r  the 
remainder o f the te s ts  in  t h i s  rock m a te r ia l .

4.7 C a l i b ra t i o n .

The borehole jack sha l l  be ca l ib ra te d  p r i o r  t o ,  and at the comple­
t io n  o f ,  the t e s t  program according to  manufacturer 's d i re c t io n s  
and fo l lo w in g  standard Qua l i t y  Assurance procedures. In a d d i t io n ,  
the jack sha l l  be ca l ib ra te d  dur ing the t e s t  program i f  the d e fo r ­
mation readings become suspect. This i s  p a r t i c u l a r l y  l i k e l y  i f  
the d i f fe re n ce  in  the readings o f  the near and f a r  LVDTs exceeds 
the manufacturer 's  recommendation o f  0.020 in .  (0.51 mm), in d ic a t in g  
excessive misal ignment o f  the pla tens.

4.8 Data record ing requirements.

The data shown on Form GT-D.1-1 sha l l  be recorded as a minimum 
fo r  the te s t .

5.0 Reporting

The purpose o f t h i s  sect ion i s  to es tab l ish  the minimum requirements 
f o r  a complete and usable repor t .  Fur ther  d e ta i l s  may be added as 
appropr ia te ,  and the order  o f  items may be changed i f  necessary.
App l ica t ions  o f the t e s t  re su l ts  are beyond the scope o f  t h i s  proce­
dure, but may be an in te g ra l  part  o f  some te s t in g  programs. In tha t  
case, an ap p l ica t io n s  sect ion compatible w i th  the format described 
below should be included.

5.1 In t roduc to ry  sect ion o f the re p o r t .

The in t ro du c to ry  sect ion is  intended to  present the scope and 
purpose of the te s t in g  program, and the ch a ra c te r is t ie s  of 
the materia l  tes ted .

•I
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5.1.1 Scope of te s t i n g  program.

5 .1 .1 .1  The loca t io n  and o r ie n ta t io n  of the te s t  boreholes 
sha l l  be presented. A graphic presentat ion is  recommended.

5 .1 .1 .2  The reasons fo r  se lec t ing  the te s t  locat ions 
sh a l1 be di scussed.

5 .1 .1 .3  L im i ta t io n s  of the te s t in g  program. The areas 
of i n t e r e s t  which are not covered by the te s t in g  program 
and the l im i t a t i o n s  o f the data w i th in  the areas o f ap­
p l i c a t i o n  sha l l  be discussed in  general terms.

5.1.2 B r i e f  d e s c r ip t io n  o f the te s t  s i t e  geology. The rock 
type sha l l  be described macroscopical ly.  S truc tu ra l  features 
a f fe c t in g  the borehole jack te s t in g  sha l l  be discussed as ap- 
propr i  ate.

5.2 Test method.

5.2.1 Equipment and apparatus. A de ta i led  l i s t i n g  of the 
equipment a c tu a l l y  used f o r  the te s t  shal l  be included in  the 
repor t .  The name, model number, and basic spec i f ica t ions  of 
each major piece sha l l  be l i s t e d .

5 .2 .2  Procedure. The procedure a c tu a l l y  used fo r  the te s t
sha l l  be l i s t e d  in  de ta i led  steps.

5.2.3 V a r ia t io n s . I f  the actual equipment or procedure has
varied from the requirements contained in  t h i s  procedure, each
v a r ia t io n  and the reasons fo r  i t  sha l l  be noted. The e f fe c t  
o f the v a r ia t io n  upon the te s t  resu l ts  shal l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equations used to  reduce 
the data sha l l  be c l e a r l y  presented and f u l l y  def ined. Any 
assumptions inherent in  the equat ions or l im i ta t i o n s  in t h e i r  
app l ica t ions  sha l l  be noted, and the e f fe c t  on the resu l ts
di scussed.

5.3 .2  S i t e - s p e c i f i c  in f luences .

5 .3 .2 .1  Assumptions. The degree to  which the actual tes t  
s i t e  condi t ions conform to the assumptions contained in the 
data reduct ion equat ions sha l l  be discussed.

5 .3 .2 .2  Correct ion fa c to rs .  Any fac to rs  or methods ap­
p l ied  to the data to  cor rec t  f o r  a nonideal s i tu a t io n  
sha l l  be f u l l y  explained.

5.4 Resu l ts .

5.4.1 Summary ta b le . A summary tab le  shal l  be presented 
inc lud ing  the rock m a te r ia ls ,  the pressure range over which the 
modulus values were ca lcu la ted ,  the average modulus values, 
ranges, and u n ce r ta in t ie s .
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5.4.2 Table o f  i n d iv id u a l  r e s u l t s. A tab le  l i s t i n g  t e s t  — 
number, rock m a te r ia l / s t r u c t u r e ,  and average modulus values
fo r  each loca t io n  sha l l  be presented.

5 .4.3 Graphic p resen ta t ions . A t y p ic a l  pressure vs. deformation 
curve f o r  each rock mater ia l  sha l l  be presented.

5.4.4 Other. The fo l lo w in g  o ther types o f  analyses and presenta­
t ions  may be included as appropr ia te.

5 .4 .4 .1  Re la t ionsh ip  between modulus and appl ied s t ress .

5 .4 .4 .2  Discussions o f  modulus dependence on geology.

5 .4 .4 .3  Histograms o f  re s u l t s .

5 .4 .4 .4  Comparison w i th  labora to ry  modulus values or the 
re s u l t s  o f  o the r  in  s i t u  modulus te s ts .

5 .4 .4 .5  Comparison o f r e su l t s  to  other  rock types or 
previous s tud ies .

5.5 E r ro r  es t imate .

The re s u l t s  sha l l  be analyzed using standard s t a t i s t i c a l  methods.
A l l  u n c e r ta in t ie s  sha l l  be ca lcu la ted using a 95% confidence 
i n t e r v a l .

5.5.1 Measurement e r r o r . The e r ro r  associated w ith  a s ing le  
te s t  sha l l  be evaluated. This includes the combined e f fe c ts  
of a l l  t ransducers , power supp l ies ,  readout devices, etc .

5.5.2 Sample v a r i a b i l i t y . For each rock materia l  or s t ru c tu re ,  
the mean modulus o f  deformat ion, range, standard dev ia t ion  and 
95% conf idence l i m i t s  f o r  the mean sha l l  be ca lcu la ted as a 
minimum. The uncer ta in ty  o f  the group shal l  be compared with  
the measurement uncer ta in ty  to  determine whether measurement 
e r ro r  o r  rock v a r i a b i l i t y  i s  the dominant fa c to r  in  the re su l ts .

5.5.3 Group c o r r e l a t i o n . When appropr ia te ,  the means o f  groups 
shal l  be compared to  determine whether the observed d i f fe rence  
between groups is  s i g n i f i c a n t  a t the 95% confidence le v e l .

5.6 Appended data.

5.6.1 Pressure vs. deformation curves. A pressure vs. deformation 
curve from each t e s t  sha l l  be included in  an appendix.

5.6.2 Test form. A completed t e s t  data Form GT-D.1-1 f o r  each 
te s t  sha l l  be included in  an appendix.

6.0 Qual i t y  Assurance

The fo l low ing  items are the minimum requirements to ensure tha t  the tes t  
re su l ts  are defendable and t raceab le .  I t  i s  not the in te n t  o f  t h i s  sec­
t i o n  to e s ta b l i sh  Qua l i ty  Assurance procedures, but to  i d e n t i f y  those 
po in ts  during the te s t  at which Qua l i ty  Assurance act ion is  required.

I

n
D.l-12



! •
6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to t e s t i n g ,  a l l  personnel sha l l  be p requa l i f ied  as de­
scr ibed in  Sect ion 2.1.

6.2 Test insp e c t io n .

Qua l i ty  Assurance personnel sha l l  review the te s t  setup, procedure, 
and equipment performance v e r i f i c a t i o n .  A f te r  t e s t in g ,  the com­
pleted Form GT-D.1-1 sha l l  be reviewed and signed o f f  only i f  
co r rec t .

6.3 Required documentation.

6.3.1 Equipment performance v e r i f i c a t i o n . Qual i ty  Assurance 
shal l  maintain complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6.3.2 Equipment se r ia l  numbers. Qual i ty  Assurance shal l  
v e r i f y  t h a t  se r ia l  numbers o f  a l l  equipment used in the te s t  
are recorded on Form GT-D.1-1.

6.3 .3  Test s i g n - o f f s . Qual i t y  Assurance shal l  maintain signed- 
o f f  copies o f  GT-D.1-1.
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In S i tu  Modulus o f  Deformation 
Using the NX Borehole Jack

Test Data Sheet -  Form GT-D.1-1 Pg. 1

Project

Feature

Borehole

O r ien ta t ion :  Bearing

I n c l i  nat ion

D a te _________________

Tested By ___________

Test No. 

Depth

Ori enta t ion 

Rock Type

Equi pment 
Descri p t ion Ser ia l  No.

Date of Next 
C a l ib ra t ion

Time Pressure Reading Near LVDT Far LVDT



pg. 2

Time Pressure Reading Near LVDT Far LVDT

Form GT-D.1-1

Remarks;

Test S u p e rv is o r__________________________  Date

Qual i ty  Assurance________________________  Date

Project  E n g in e e r_________________________  Date



Procedure GT-D.2

In S i tu  Modulus o f  Deformation Determination 
Using the Rigid Plate Loading Method

1.0 Background

1.1 Scope.

1.1.1 Object ive of t h i s  t e s t .  The ob jec t ive  of t h i s  t e s t  i s  to 
measure the modulus o f  deformation of a rock mass in  s i tu .  Time- 
dependent behavior may also be inves t iga ted .  This t e s t  is 
designed to  be conducted in  an a d i t  or small underground chamber; 
however, w i th  su i tab le  m o d i f ica t io n  i t  could be conducted at the 
surface.

1.2 General de sc r ip t io n  o f the te s t .
Areas on two opposing faces o f  a t e s t  a d i t  are f la t tened  and 
smoothed. A mortar pad and r i g i d  metal p la te  are in s ta l le d  
against each face and a hydrau l ic  loading system i s  placed between 
the r i g i d  p la tes .  The p la tes are loaded incrementa l ly  and the 
average d e f le c t io n  of each p la te  is  measured at each pressure 
increment. The modulus o f deformation is  then ca lcu lated.

1.3 Data reduct ion.

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  D e f lec t ion  - the movement of the r i g id  p la te  in 
response to the appl ied load.

1 .3 .1 .2  Load - the t o ta l  fo rce act ing on the r i g id  p la te  
or  rock face.

1 .3 .1 .3  Stress - fo rce  or load per u n i t  area.

1.3.2 Equation. This equat ion i s  based on the e la s t i c  so lu ­
t i o n  f o r  a r i g i d  c i r c u l a r  d ie  (constant d e f le c t io n )  pressed
in to  the surface of a s e m i - i n f i n i t e  e la s t i c  medium. The modulus, 
of deformat ion, E, i s  ca lcu la ted  using:

,  ( i - i i ^ )p  ,1,
^ 2W ra

where:
y =  Poisson's r a t i o  of the rock 

P = t o ta l  load on the r i g i d  p la te  

W = average d e f le c t io n  of the r i g id  p la ted
r = radius of the r i g i d  p la te .

1.3.3 Assumptions and fac to rs  in f luenc ing  the re s u l t s .

1 .3 .3 .1  In p ra c t ic e ,  the p la te  used to  load the rock face 
i s  not p e r fe c t l y  r i g i d .  Dodds (1974) estimates tha t  the e r ro r  
introduced i s  8% at most. To minimize th i s  e r ro r ,  the p la te
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i s  constructed to  be as r i g i d  as poss ib le ,  the rock face 
is  smoothed, the th ickness o f  the mortar bearing pad is  
minimized and a high modulus materia l  is  used f o r  the pad.

1 .3 .3 .2  The rock under the p la te  i s  not homogeneous as 
assumed in  theory. The r i g i d  p la te  te s t  produces an average 
modulus value f o r  the mater ia l  tes ted. For t h i s  reason, 
measurement o f  deformation a t d isc re te  po in ts  w i th in  the 
rock under the p la te  i s  not an al lowable technique with 
t h i s  t e s t .

1.4 References

1.4.1 Coates, D.F. and Gyenge, M. , 1966, "P late Load Test ing on 
Rock fo r  Deformation and Strength P roper t ies " ,  Test ing Techniques 
fo r  Rock Mechanics, ASTM Special  Technical Pub l ica t ion  402, 
Ph i lade lph ia ,  Pennsylvania.

1.4.2 Dodds, D .J . ,  1973, " I n te r p r e t a t io n  o f  Plate Loading Test 
R e su l ts " , F ie ld  Test ing and Instrumenta t ion o f Rock, ASTM 
Special Technical Pub l ica t ion  554, Ph i lade lph ia ,  Pennsylvania.

1.4.3 Dodds, D.J. 1974, A Manual f o r  Plate Loading Tests 
Performed on Rock, Master^s Thesis,  Oregon State U n ive rs i t y ,  
C o rv a l l i s ,  Oregon.

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing  the 
Technicians and Test Supervisor sha l l  be fo rma l ly  p re qu a l i f ie d  
under the Qua l i ty  Assurance procedures establ ished as par t  of  
the o ve ra l l  t e s t in g  program.

2.2 Equipment performance v e r i f i c a t i o n .

The compliance o f  a l l  equipment and apparatus with the performance 
s p e c i f i c a t io n s  in  Sect ion 3.0 o f  t h i s  procedure shal l  be v e r i f i e d .  
I f  no requirements are stated in  Section 3.0, the manufacturer ' s 
s p e c i f i c a t io n s  fo r  the equipment sha l l  be the required level  o f 
performance. Performance v e r i f i c a t i o n  i s  genera l ly  done by 
c a l i b r a t i n g  the equipment and measurement systems. C a l ib ra t io n  
and documentation sha l l  be accomplished according to  Standard 
Qua l i t y  Assurance procedures.

2.3 Test ing program es tab l ished .

2.3.1 Tests in  a l l  p e r t in e n t  rock types. Each rock type tha t  
w i l l  be subject to  s i g n i f i c a n t  loading by the p ro jec t  should be 
tested.

2.3.2 An isot ropy . The e f fe c t s  o f  anisotropy should be i n v e s t i ­
gated by a p p rop r ia te ly  or ien ted  te s ts ,  f o r  example, p a ra l le l  and 
perpendicular  to  the bedding of a sedimentary sequence, or 
p a ra l le l  and perpendicu lar  to  the long axes of columns in
a basalt  f low.
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2.3.3 Depth o f  i n v e s t ig a t i o n . The zone o f  rock tha t  con tr ibu tes 
to the measured d e f le c t io n  dur ing the p la te  loading te s t  depends 
on the diameter o f the p la te  and the appl ied load. Larger p la tes 
and h igher loads measure the response o f rock fu r th e r  away from
the te s t  a d i t .  Thus, I f  the rock around the a d i t  Is damaged by
the excavat ion process, values may be obtained which do not 
represent the " t ru e "  In s i tu  modulus unless large enough p la tes 
and loads are used to  a f fe c t  rock beyond the damaged zone. I f
the deformatlonal p rope r t ies  o f  the damaged zone are the primary
o b jec t ive  o f the t e s t  program, smal1-diameter p la te  tes ts  on 
t y p i c a l l y  excavated surfaces are adequate. I f  the undisturbed
In s i t u  modulus Is  des ired, l a rg e r  diameter p lates and higher 
loads may be used, although p ra c t ica l  considerat ions o ften l i m i t  
the size of the equipment. A l t e r n a t i v e l y ,  carefu l  excavation 
procedures, such as p r e - s p l i t t i n g  or other types o f smooth-wall 
b la s t in g ,  may be employed In the te s t  area to  l i m i t  damage to 
the rock.

2 .3 .4  Local geologic fea tu res . Any geologic features having 
d i f f e r e n t  deformatlonal ch a ra c te r is t ie s  than the primary rock 
mass, such as f a u l t s ,  f ra c tu re  zones, c a v i t i e s .  Inc lus ions ,  e t c . ,  
should be tested to  evaluate t h e i r  e f fe c t s .  The tes t ing  program 
should be designed so th a t  the e f fe c ts  o f local geology can be 
c le a r l y  d is t ingu ished .

2.4 Poisson's r a t i o  known.

Poisson's r a t i o  f o r  the rock mass must be known to  use Equation 1. 
This may be obtained from laboratory  te s t in g  or other types o f  In 
s i tu  te s ts .

3.0 Equipment and apparatus

3.1 Loading equipment.

The loading equipment Includes the device fo r  applying the load, 
and the reac t ion  members which t ransm it  the load to each bearing 
p la te .  Load Is  genera l ly  appl ied h y d ra u l le a l ly  using hydrau l ic  
rams or f l a t j a c k s .  I f  f l a t j a c k s  are used, they shal l  have s u f f i ­
c ien t  range to a l low fo r  the d e f le c t io n  o f the rock and shal l  be 
constructed so th a t  the two main plates move apart In a p a ra l le l  
manner over the usable por t ion  o f  the range. The react ion members 
are genera l ly  th ic k -w a l le d  aluminum or steel pipes. A spherical 
bearing o f su i ta b le  capacity sha l l  be Incorporated against one of 
the bearing p la tes .

3.2 Transducers.

3.2.1 Load. An e le c t ro n ic  load ce l l  Is recommended to measure 
the load on the bearing p la te .  The ce l l  shal l  have an accuracy 
o f at leas t  ^  1000 lb  (453.6 kg) Including the errors  Introduced 
by the readout system, and a reso lu t ion  of at least 500 lb  (226.8 kg). 
A l t e r n a t i v e l y ,  a pressure gage or e le c t ro n ic  transducer may be 
used to  monitor hydrau l ic  pressure fo r  c a lcu la t ion  of load.
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provided the device can measure the load to  the same s p e c i f i ­
cat ions as the load c e l l .  I f  a hydrau l ic  ram i s  used, the e f fe c t s  
of ram f r i c t i o n  sha l l  be determined. I f  f l a t j a c k s  are used, 
care sha l l  be taken th a t  the jacks do not operate at the end o f 
t h e i r  range, where a s i g n i f i c a n t  f r a c t io n  o f  the load may not be 
t ra n s fe r re d  to  the rock because o f  jack s t i f f n e s s .

3.2.2 Displacement. Displacement transducers are used to 
measure the d e f le c t io n  o f  the r i g i d  p la te  as i t  is  loaded. The 
transducers sha l l  have an accuracy o f  at le a s t  _+ 0.0001 in .
(0.0025 mm), inc lu d in g  the e r ro r  introduced by the readout 
equipment, and a re so lu t io n  of a t leas t  0.00005 in .  (0.0013 mm). 
Standard d ia l  gages or l i n e a r  va r iab le  d i f f e r e n t i a l  t ransformers 
(LVDTs) are recommended.

3.3 Bearing pads.

The bearing pad materia l  sha l l  have a modulus o f  deformation of 
a t leas t  4.0 X 10 psi  (0.03 MPa). I t  sha l l  be capable o f  con­
forming to  the rock surface and bearing p la te .  H igh-ear ly  
strength grout or molten s u l f u r  bearing pads are recommended.

3.4 Bearing p la te s .

The bearing p la tes  sha l l  be designed to  approximate a r i g i d  d ie 
as c lo se ly  as p r a c t i c a l .  Bearing p la tes  sha l l  not have a d i f f e r ­
e n t ia l  d e f le c t io n  between any two po in ts  against the bearing 
surface o f more than 0.0005 in .  (0.01 mm).

4.0 Test ing.

A schematic o f the t e s t  setup i s  shown on Figure 4.1.

4.1 Locat ion .

The t e s t  sha l l  be conducted across a "diameter" o f  the a d i t  (a 
l i n e  conta in ing the main axis o f  the a d i t )  to  minimize the r e s i s ­
tance o f the adjacent wal ls  dur ing loading.

4.2 Surface p repara t ion .

4 .2 .1  Method. The surface sha l l  be prepared by a method which 
causes the minimum damage to  the f in ished  rock face. Percussion 
d r i l l i n g  to  a common depth i s  recommended f o r  most rock types. 
Residual rock between the d r i l l  holes may be removed by moving 
the b i t  back and f o r t h  u n t i l  a smooth face is  achieved. A l t e r ­
n a t i v e l y ,  in  hard, competent rock, co n t ro l le d  b las t ing  with  very 
small charges may be used to  remove the residual mater ia ls .  In 
s o f te r  m a te r ia ls ,  coarse gr ind ing  or  c u t t i n g  devices may be used.

4.2.2 Size. The prepared rock surface sha l l  extend at leas t  
one h a l f  the diameter o f  the bearing p la te  beyond the edge of 
the p la te  during the t e s t .

4 .2 .3  Rock q u a l i t y . The bearing surface sha l l  be prepared in  
sound rock. Loose and broken rock from excavat ing sha l l  be 
removed. Deeper breaks may be detected by a d u l l  hol low sound 
when struck w ith  a hammer; such materia l  sha l l  also be removed.
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4.2 .4  Smoothness. The prepared rock face sha l l  be as smooth as 
p r a c t i c a l .  In no case sha l l  the dev ia t ion  from a plane between 
the h ighest and lowest po in ts  exceed 1 in .  (25.4 mm).

4 .2 .5  Cleaning. A f t e r  the surface has been prepared, i t  shal l  
be scrubbed and r insed w i th  clean water to  remove any loose 
p a r t i c le s  o r  d i r t  caused by the smoothing operat ion.

4.3 Bearing pad c o n s t ru c t io n .

The bearing pad sha l l  be constructed w i th  the bearing p la te  in 
p o s i t io n ,  by pouring the pad materia l  between the rock surface 
and p la te .  The pad mater ia l  sha l l  be contained by su i tab le  form 
work around the edges o f  the p la te .  The only except ion to  t h i s  
method i s  f o r  near v e r t i c a l  te s ts  where cement pads are used.
In t h i s  case the lower bearing p la te  may be placed d i r e c t l y  upon 
the pad p r i o r  to  cur ing .  In a l l  cases, care sha l l  be exercised 
to  avoid a i r  pockets or o ther  c a v i t ie s  w i th in  the pad. The pad 
sha l l  be no more than 1.5 in .  (38.1 mm) th ic k  at any po in t .  The 
dimensional requirements o f  the rock face and bearing pad are 
shown on Figure 4.2.

4.4 Measuring p o in ts .

4 .4 .1  Locat ion . The d e f le c t io n  of the bearing p la te  shal l  be 
measured in  a t le a s t  three equal ly  spaced loca t ions  around the 
p la te .

4 .4 .2  Support requirements. The displacement transducers sha l l  
be supported so th a t  only the d e f le c t io n  o f  the bearing p la te  
i t s e l f  i s  measured. General ly,  t h i s  means mounting the t r a n s ­
ducers on supports located outs ide the zone o f  in f luence  o f  the 
t e s t .  In no case sha l l  the transducers be mounted on the loading 
apparatus.

4.5 P ressu r iza t ion  cyc les .

Four pressure cycles to  peak pressures of 25, 50, 75 and 100% of 
the maximum load sha l l  be conducted. Each cycle  sha l l  cons is t  
o f 10 equal loading increments and 10 equal unloading decrements. 
D e f lec t ion  readings sha l l  be taken a f t e r  each load increment and 
decrement. The peak and zero pressures f o r  each cycle  shal l  be 
maintained f o r  10 minutes, w ith  d e f le c t io n  readings taken at 
5-minute i n te r v a l s .

4.6 Time-dependent behavior.

T rans ien t ,  o r  pr imary , creep may be evaluated by mainta in ing a 
given load over a period o f t ime and reading the d e f le c t io n  at 
var ious time in te r v a l s .  The load sha l l  be maintained to  w i th in  

1% of the nominal value. The durat ion o f the te s t  depends on 
the type of rock, but is  usua l ly  between 3 and 30 days. The 
reading in te rv a l  depends on the t ra n s ie n t  creep ra te ,  and ranges 
from every 2 to  3 hours dur ing the ear ly  phases of the te s t  to 
d a i l y  f o r  i t s  du ra t ion .
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4.7 Data recording requirements.

The data shown on Form GT-D.2-1 sha l l  be recorded as a minimum 
fo r  t h i s  t e s t .

5.0 Reporting

The purpose o f  t h i s  sect ion i s  to  es tab l ish  the minimum requirements 
f o r  a complete and usable repo r t .  Fur ther  d e ta i l s  may be added as 
appropr ia te ,  and the order  o f  items may be changed i f  necessary. 
App l ica t ions  o f  the t e s t  r e su l t s  are beyond the scope of t h i s  pro­
cedure, but may be in te g ra l  pa r t  o f  some te s t i n g  programs. In th a t  
case, an a p p l i ca t io n s  sect ion compatible w i th  the format described 
below should be included.

5.1 In t roduc to ry  sect ion of the re p o r t .

The in t ro d u c to ry  sect ion i s  intended to  present the scope and 
purpose o f the te s t in g  program, and the ch a ra c te r is t ie s  o f  the 
materia l  tes ted .

5.1.1 Scope of te s t i n g  program.

5 .1 .1 .1  Test loca t io n s .  The loca t ion  and o r ie n ta t io n  o f 
the p la te  loading te s ts  sha l l  be presented. A graphic pre­
sen ta t ion  is  recommended.

5 .1 .1 .2  Test ra t io n a le .  The reasons f o r  se lec t ing  the 
t e s t  loca t ions  sha l l  be discussed.

5 .1 .1 .3  L im i ta t io n s  o f  the te s t in g  program. The areas of 
i n t e r e s t  which are not covered by the te s t in g  program, and 
the l im i t a t i o n s  o f  the data w i th in  the areas of app l ica t io n  
sha l l  be discussed in  general terms.

5 .1.2 B r i e f  d e sc r ip t io n  o f the te s t  s i t e  geology. The rock types 
sha l l  be described macroscopical ly .  S t ruc tu ra l  features a f fe c t in g  
the p la te  loading t e s t  sha l l  be described. A diagram o f  the 
geology o f  each t e s t  area i s  recommended.

5.2 Test method.

5.2.1 Equipment and apparatus. A d e ta i led  l i s t i n g  o f  the equip­
ment a c tu a l l y  used f o r  the t e s t  shal l  be included in  the repor t .  
The name, model number, and basic s p e c i f i c a t io n s  o f  each major 
piece s h a l1 be l i  sted.

5.2.2 Procedure. The procedure a c tu a l l y  used fo r  the te s t  should 
be l i s t e d  in  de ta i led  steps.

5.2.3 V a r ia t io n s . I f  the actual equipment or procedure varies 
from the requirements contained in  t h i s  procedure, each v a r ia t io n  
and the reasons f o r  i t  sha l l  be noted. The e f fe c t  o f the v a r ia ­
t io n  upon the te s t  r e su l t s  sha l l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equat ions used to  reduce 
the data sha l l  be c le a r l y  presented and f u l l y  def ined. Any
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assumptions inherent in  the equat ions or l im i ta t i o n s  in  t h e i r  
app l ica t ions  sha l l  be noted, and the e f fe c t  on the resu l ts  d i s ­
cussed.

5.3 .2  S i t e - s p e c i f i c  i n f lu e n ce s .

5 .3 .2 .1  Assumptions. The degree to  which the actual te s t  
s i t e  cond i t ions conform to  the assumptions contained in 
the data reduct ion equat ions shal l  be discussed.

5 .3 .2 .2  Correct ion fa c to rs .  Any fac to rs  or  methods appl ied 
to  the data to  co r rec t  f o r  a nonideal s i tu a t io n  shal l  be
f u l l y  expla ined.

5.4 Resu l ts .

5.4.1 Summary Table. A summary tab le  shal l  be presented 
inc lud ing  the rock m a te r ia ls ,  the pressure range over which the 
modulus values were ca lcu la ted ,  the average modulus values, 
ranges, and u n c e r ta in t ie s .

5 .4.2 Table o f in d iv idu a l  r e s u l t s . A tab le  l i s t i n g  t e s t  number, 
rock m a te r ia l / s t r u c t u r e ,  and average modulus values fo r  each te s t  
loca t ion  sha l l  be presented.

5 .4.3 Graphic p resen ta t ions . A typ ica l  average d e f lec t io n  curve 
fo r  each rock materia l  sha l l  be presented.

5 .4 .4  Time-dependent p ro p e r t ie s .

5 .4 .4 .1  A comparison o f d e f le c t io n  at various time in te rva ls  
f o r  the rock types of i n t e r e s t  shal l  be presented.

5 .4 .4 .3  Typical t ra n s ie n t  creep curves fo r  each rock type 
s h a l1 be presented.

5.4.5 Other. The fo l lo w ing  o ther  types o f analyses and presen­
ta t io n s  may be included as appropr ia te.

5 .4 .5 .1  Rela t ionsh ip  between modulus and appl ied st ress.

5 .4 .5 .2  Discussion o f  modulus dependence on geology.

5 .4 .5 .3  Histograms o f  re s u l t s .

5 .4 .5 .4  Comparison w i th  labora tory  modulus values or the
re su l t s  o f o ther  in  s i t u  modulus te s ts .

5 .4 .5 .5  Comparison o f  r e su l t s  to  other rock types or pre­
vious studies.

5.5 E r ro r  est imate .

The re su l t s  shal l  be analyzed using standard s t a t i s t i c a l  methods. 
A l l  u n ce r ta in t ie s  sha l l  be ca lcu la ted using a 95% confidence 
i n t e r v a l .

5.5.1 Measurement e r r o r . The e r ro r  associated with  a sing le  
t e s t  sha l l  be evaluated. This includes the combined e f fe c ts  of 
a l l  t ransducers, power supp l ies ,  readout devices, etc .

D . 2 - 9



5.5.2 Sample v a r i a b i l i t y . For each rock mater ia l  or s t ruc tu re  
the mean modulus va lue, range, standard dev ia t ion  and 95% c o n f i ­
dence l i m i t s  f o r  the mean sha l l  be ca lcu la ted ,  as a minimum.
The uncer ta in ty  o f  the group sha l l  be compared w i th  the measure­
ment unce r ta in ty  to  determine whether measurement e r ro r  or 
rock v a r i a b i l i t y  i s  the dominant fa c to r  in  the re su l t s .

5 .5.3 Group c o r r e l a t i o n . When appropr ia te ,  the means o f  groups 
sha l l  be compared to  determine whether the observed d i f fe rence  
between groups is  s i g n i f i c a n t  a t  the 95% conf idence le ve l .

5.6 Appended data.

5.6 .1  Average d e f le c t io n  curves. A pressure vs. average d e f le c ­
t i o n  curve from each te s t  sha l l  be included in  an appendix.

5 .6 .2  Test form. A completed t e s t  data Form GT-0.2-1 f o r  each 
t e s t  sha l l  be included in  an appendix.

5 .6 .3  Creep curves. I f  appropr ia te ,  a t ra n s ie n t  creep curve fo r  
each creep t e s t  sha l l  be included in  an appendix.

6.0 Qua l i ty  Assurance

The fo l low ing  items are the minimum requirements to  ensure th a t  the 
t e s t  re su l ts  are defendable and t raceab le .  I t  is  not the in te n t  of 
t h i s  sect ion to  e s ta b l ish  Qua l i ty  Assurance procedures, but to  iden­
t i f y  those po in ts  dur ing the t e s t  at which Qua l i ty  Assurance 
ac t ion  i s  required.

6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  t e s t i n g ,  a l l  personnel sha l l  be p re q u a l i f ie d  as 
described in  Sect ion 2.1.

6.2 Test insp e c t io n .

Qua l i t y  Assurance personnel sha l l  review the t e s t  setup, proce­
dure and equipment performance v e r i f i c a t i o n .  A f t e r  t e s t i n g ,  
the completed Form GT-D.2-1 sha l l  be reviewed, and signed o f f  
only i f  co r re c t .

6.3 Required documentation.

6 .3 .1  Equipment performance v e r i f i c a t i o n . Qua l i ty  Assurance 
sha l l  maintain  complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6 .3 .2  Equipment s e r ia l  numbers. Qua l i ty  Assurance sha l l  v e r i f y  
th a t  se r ia l  numbers o f  a l l  equipment used in  the te s t  are 
recorded on Form GT-D.2-1.

6 .3 .3  Test s i g n - o f f s . Qua l i ty  Assurance sha l l  maintain signed- 
ofT copies o f GT-D.2-1.

• s
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Procedure GT-D.3

In S i tu  Modulus o f  Deformation Determination 
Using the F le x ib le  Plate Loading Method

1.0 Background

1.1 Scope.

1.1.1 Object ive of t h i s  t e s t . The ob jec t ive  o f t h i s  t e s t  is to  
measure the modulus o f deformation of a rock mass in s i tu .  Time- 
dependent behavior may also be inves t iga ted .  This t e s t  is  designed 
to  be conducted in  an a d i t  or small underground chamber; however 
w ith  su i ta b le  m od i f ica t ions  i t  could be conducted at the surface.

1.2 General de sc r ip t io n  o f the t e s t .
Areas on two opposing faces o f a t e s t  a d i t  are f la t tened  and 
smoothed. I f  d e f le c t io n  i s  to be measured w i th in  the rock mass, 
instruments are i n s t a l l e d  in  the rock. A mortar pad is  placed 
on each face. A hydrau l ic  loading system cons is t ing  of f l a t j a c k s ,  
react ion members, and associated hardware i s  constructed between 
the faces. The two faces are loaded incrementa l ly  and the d e fo r ­
mation of the rock mass e i t h e r  w i th in  the rock or  at the surface 
is  measured a f t e r  each increment. The modulus o f deformation is  
then ca lcu la ted .

1.3 Data reduc t ion .

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  D ef lec t ion  - the movement of the r i g id  p la te  in 
response to  the appl ied load.

1 .3 .1 .2  Load - the to ta l  force act ing on the r i g id  p la te  
or rock face.

1 .3 .1 .3  Stress - fo rce  or load per u n i t  area.

1.3.2 Equations. The equat ions are based on the e la s t i c  so lu ­
t i o n  f o r  un i fo rm ly  d is t r ib u te d  load (constant s tress)  over a 
c i r c u l a r  area act ing on a s e m i - i n f i n i t e  e la s t i c  medium. The de­
f l e c t i o n  i s  always def ined as the movement in  the same d i re c t io n  
as the appl ied load.

1 .3 .2 .1  The modulus, E, ca lcu la ted from the d e f lec t ion  at 
the center  of a c i r c u l a r l y  loaded area at the rock surface i s :

( 1)
c

where:

u = Poisson's r a t i o  o f the rock 

q = pressure on loaded area 

r  = radius o f loaded area 

w^ = d e f le c t io n  at center of loaded area.
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1 .3 .2 .2  The modulus, E, ca lcu la ted  from the d e f le c t io n  at
the edge o f a c i r c u l a r l y  loaded area at the rock surface i s :

E -  4 ( l - p ^ ) q r  (2)
IT W „e

where:

TT Wg = d e f le c t io n  a t the edge o f  the loaded area.

1 .3 .2 .3  The modulus, E, ca lcu la ted  from the d e f le c t io n  a t
a po in t  w i t h in  the rock mass beneath the center o f  a c i r ­
c u la r l y  loaded area i s :

E ( ( r 2 « 2 ) l / 2 . z )  . 3 5 ^
z z

( 3 )
where:

z = depth beneath cente r  o f  loaded area 
w^ = d e f le c t io n  at depth z.

1 .3 .2 .4  The modulus, E, ca lcu la ted  from the d e f le c t io n  at 
the center o f an annu lar ly  loaded area a t the rock surface 
i s :

2 q ( l - p ^ ) ( r , - r , )
E - -------------------------------------------------------------------------(^)

where:

C2 = outs ide radius o f  annulus 

r^ = ins ide  radius o f  annulus.

1 .3 .2 .5  The modulus, E, ca lcu la ted  from the d e f le c t io n  at
the the edge o f an annu la r ly  loaded area at the rock surface is :

1 .3 .2 .6  The modulus, E, ca lcu la ted  from the d e f le c t io n  a t a 
po in t  w i t h in  the rock mass beneath the center of an annu lar ly  
loaded area i s :

E ,  M ^ ( ( , ^ 2 * 2 2 ) l / 2 . ( n j 2 , , 2 ) l / 2 , , z £ a ^ j j ^ ^ 2 , , 2 , - l / 2 . ( , ^ 2 , 2 2 ) - l / 2 ,

( 6 )
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1 .3 .2 .7  The d e f l e c t io n ,  w , along the cen te r l in e  beneath 
the loaded area may be expressed in  a general form from 
Equation 3 o r  6:

"z • I  (')

From t h i s ,  i t  fo l lows th a t  the modulus, E, may be calcu­
la ted from the r e la t i v e  d e f le c t io n  between two pos it ions 
below the center o f the loaded area:

^zr^z2E = q (8)^r^z2
where:

Kzi ,  K^ 2  geometric c o e f f i c i e n t s  fo r  depths z l  and 
z2, respec t ive ly

wz l ’ ~ d e f le c t io n  at depths z l  and z2, respect ive ly .

1.3.3 Assumptions and fac to rs  in f luenc ing  the re s u l t s . The rock 
under the loaded area is  genera l ly  not homogeneous as assumed in 
theory. I t  w i l l  respond to  the load according to i t s  local de- 
formational c h a ra c te r i s t ie s .  Therefore, d e f le c t io n  measurements 
a t d is c re te  po in ts  on the rock surface tend to  be heav i ly i n ­
f luenced by the deformatlonal ch a ra c te r is t ie s  of the rock mass 
a t th a t  lo c a t io n ,  and may give re su l t s  th a t  are unrepresentat ive 
of the rock mass. Redundant measurements and s t a t i s t i c a l  exam­
in a t io n  of the data are used to  m i t ig a te  t h i s  problem.

Measurement o f the d e f le c t io n  w i t h in  the rock mass can u t i l i z e  
a f i n i t e  gage length to  r e f l e c t  the average rock mass deformatlonal 
p roper t ies  between the measuring po in ts .  This approach contains 
two drawbacks, however. F i r s t ,  the d is s ip a t io n  of pressure beneath 
the loaded area is  q u i te  rapid and the rock mass is  tested at 
very low s t ress  leve ls  unless the measurement points are very close 
to  the rock surface. In th a t  case the same problems as with 
surface measurements occur.  Tests at low stress leve ls  may give 
u n r e a l i s t i c a l l y  low modulus values as m ic ro f rac tu res ,  j o i n t s ,  and 
o ther  d is c o n t i n u i t i e s  in  the rock c lose. Measurement po int 
spacing has been spec i f ied  to  minimize the problem. Secondly, 
the d is turbance caused by implant ing the d e f le c t io n  transducer 
in  the rock mass is  d i f f i c u l t  to  evaluate. The techniques in 
t h i s  procedure are designed to  produce minimal disturbance.

1.4 References.

1.4.1 Dodds, D . J . , 1973, " In te rp re ta t io n  of Plate Loading Test 
Resu l ts " ,  F ie ld  Testing and Instrumentat ion o f Rock, ASTM Special 
Technical Pub l ica t ion  554, Ph i lade lph ia ,  Pennsylvania.

1.4.2 Dodds, D.J. , 1974, A Manual f o r  Plate Loading Tests Per­
formed on Rock, Master's Thesis,  Oregon State U n ive rs i ty ,  Cor- 
val l i  s, Oregon.

D . 3 - 3



1.4. 3 ISRM Commission on Standardizat ion o f  Laboratory and F ie ld
Tests, 1979, "Suggested Methods f o r  Determining In S i tu  Deformabi1i t y  ^ p |
of Rock", I n t .  J. Rock Mech. Min. Sci.  and Geomech. A b s t r . ,
26, No. 2.

1.4.4 M is te rek ,  D . L . , Sleber,  E .J . ,  and Montgomery, J . S . , 1974,
"Bureau o f  Reclamation Procedures fo r  Conducting Uniaxial  Jacking 
Tests " ,  F ie ld  Test ing and Instrumentat ion o f Rock, ASTM Special 
Technical P u b l ica t ion  554, Ph i lade lph ia ,  Pennsylvania.

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the  t e s t ,  inc lud ing  the Tech­
n ic ians  and Test Supervisor ,  sha l l  be fo rm a l ly  p re q u a l i f ie d  
under the Q ua l i ty  Assurance procedures estab l ished as par t  o f  the 
o ve ra l l  t e s t i n g  program.

2.2 Equipment performance v e r i f i c a t i o n .

The compliance o f a l l  equipment and apparatus w ith  the p e r fo r ­
mance s p e c i f i c a t io n s  in  Sect ion 3.0 o f  t h i s  procedure shal l  
be v e r i f i e d .  I f  no requirements are sta ted in  Section 3.0, 
the manufacturer 's  s p e c i f i c a t io n s  fo r  the equipment shal l  be 
the required level o f  performance. Performance v e r i f i c a t i o n  i s  
genera l ly  done by c a l i b r a t i n g  the equipment and measurement 
systems. C a l ib ra t io n  and documentation sha l l  be accomplished 
according to  Standard Qua l i ty  Assurance procedures.

2.3 Test ing program e s tab l ished .

2.3.1 Sampling various rock types. Each rock type th a t  w i l l  be 
subject  to loading by the p ro jec t  should be tes ted .  The e f fe c ts
of an isotropy should also be inves t iga ted  by approp r ia te ly  or iented 
te s t s ,  f o r  example p a ra l l e l  and perpendicu lar to  the bedding of 
a sedimentary sequence, o r  p a ra l le l  and perpendicular  to the long 
axes o f columns in  a basal t  f low.

2 .3 .2  Depth o f  i n v e s t ig a t i o n . The zone o f  rock tha t  con t r ibu tes  
to  the measured d e f le c t io n  during the p la te  loading t e s t  depends 
on the diameter o f the f l e x i b l e  p la te  and the load. Larger p la tes  
and h igher loads measure the response o f  rock fu r th e r  away from 
the t e s t  a d i t .  Thus, rock around the a d i t  which is  damaged by 
the excavat ion process may co n t r ibu te  to  values which do not re ­
present the " t r u e "  in  s i t u  modulus i f  the p la tes  and loads used 
fo r  te s t in g  are too smal l .  I f  the deformatlonal p roper t ies  o f 
t h i s  damaged zone are the pr imary ob jec t ive  o f  the te s t  program, 
smal 1-diameter p la te  te s ts  on t y p i c a l l y  excavated surfaces are 
adequate. I f  the undisturbed in  s i tu  modulus is  des ired, a
1 arger-d iameter  p la te  and h igher loads may be used, al though 
p ra c t i ca l  cons idera t ions o ften  l i m i t  the size o f the equipment.
A l t e r n a t i v e l y , care fu l  excavat ion procedures to  minimize damage 
to  the rock, such as p r e - s p l i t t i n g  or o ther  types o f smooth- 
wal l  b la s t in g ,  may be employed in  the t e s t  area.
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2.3.3 Local geologic fe a tu re s . Any geologic features tha t  have 
d i f f e r e n t  defonnat ional  c h a r a c te r i s t i c s  than the main rock mass, 
such as f a u l t s ,  f r a c tu re  zones, c a v i t i e s ,  inc lu s ion s ,  e t c . ,  should 
be tes ted to  evaluate t h e i r  e f f e c t s .  The te s t in g  program should 
be designed so tha t  the e f fe c t  o f local geology can be c le a r ly  
di s t i  ngui shed.

2.4 Poisson's r a t i o  known.

Poisson's r a t i o  f o r  the rock mass must be known to apply Equation
1. This value may be obtained from laborato ry  te s t in g  or other 
types o f in  s i tu  te s ts .

3.0 Equipment and apparatus

A ty p ic a l  f l e x i b l e  p la te  loading t e s t  setup is  shown on Figure 3.1.

3.1 Loading equipment.

The loading equipment includes the device f o r  applying the load 
and the reac t ion  members to  t ransm it  the load to  each rock face. 
F la t jacks  a t  each rock face sha l l  be used to  apply the load. They 
sha l l  have s u f f i c i e n t  range to  a l low fo r  the d e f lec t io n  of the 
rock and sh a l l  be constructed so th a t  the two main plates move 
apart  in  a p a ra l le l  fash ion over the usable part  of  t h e i r  range.
The reac t ion  members are genera l ly  th ick -wa l led  aluminum or 
steel pipes. A spher ical  bearing o f  su i tab le  capacity shal l  be 
incorporated in  the reac t ion  members.

3.2 Transducers.

3.2.1 Pressure. A pressure gage or e le c t ro n ic  transducer shal l  
be used to  measure the pressure in the f l a t j a c k s .  The transducer 
sha l l  have an accuracy o f  at leas t  jf25 psi (0.17 MPa) inc lud ing 
e r ro rs  introduced by readout equipment, and a reso lu t ion  o f at 
leas t  10 psi  (0.069 MPa).

3 .2 .2  D e f le c t io n . Various types o f d e f le c t io n  transducers may 
be used depending in  par t  on the loca t ion  of the measurements.
For surface measurements, d ia l  gages or l i n e a r  var iab le  d i f f e r e n t i a l  
t ransformers (LVDTs) are genera l ly  used. For measurements w i th in  
the rock mass, m u l t ip le  p o s i t io n  borehole extensometers w ith  LVDT 
sensors, v ib ra t in g  w ire  s t r a in  meters, j o i n t  meters, and other 
types o f devices may be used. The d e f lec t io n  shal l  be measured 
to an accuracy o f  at lea s t  0.0001 in .  (0.0025 mm). Inc luding 
e r ro rs  caused by readout equipment, and a reso lu t ion  of at leas t  
0.00005 in .  (0.0013 mm).

3.3 Bearing pads.

The bearing pad materia l  sha l l  have a modulus no greater than the 
modulus o f the rock being tested as determined from an in ta c t  
sample. General ly,  a neat cement grout is  sa t i s fa c to ry  i f  the 
curing t ime does not exceed several days. Fly ash or other su i tab le  
mater ia ls  may be added to  reduce the s t i f f n e s s  i f  necessary.
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FIG. 3.1 TY P IC A L F L E X IB L E  P LA TE  LOADING TEST SETUP SCHEMATIC 
(DEFLECTION MEASURED IN ROCK M A SS)
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4.0 Testing
4.1 Locat ion.

The t e s t  sha l l  be conducted across a diameter of the a d i t  (a 
l i n e  conta in ing the main axis o f  the a d i t )  to  minimize the re ­
s istance o f the adjacent wal ls  during loading.

4.2 Surface p repara t ion .

4.2.1 Size. The prepared rock surface shal l  extend at leas t  one- 
h a l f  the diameter o f the f l a t j a c k  beyond the edge of the f l a t j a c k .

4 .2 .2  Method. The surface sha l l  be prepared'by the method which 
causes the minimum damage to  the f in ished  rock face. Percussion 
d r i l l i n g  to  a common depth i s  recommended f o r  most rock types. 
Residual rock between the d r i l l  holes may be removed by moving the 
b i t  back and f o r t h  u n t i l  a smooth face is  achieved. A l te rn a t i v e l y ,  
in  hard, competent rock, c o n t ro l le d  b las t ing  w ith  very small charges 
may be used to  remove the residual rock. In s o f te r  mate r ia ls ,  
coarse gr ind ing  or  c u t t i n g  devices may be used.

4 .2 .3  Rock q u a l i t y . The bearing surface sha l l  be constructed 
in  sound rock. Loose and broken rock from excavat ing shal l  be 
removed. Deeper breaks may be detected by a d u l l ,  hollow 
sound when struck w ith  a hammer; such materia l  shal l  also be re ­
moved.

4 .2 .4  Smoothness. The rock face shal l  be made as smooth as prac­
t i c a l .  In no case sha l l  the dev ia t ion  from a plane between the 
h ighest and lowest po in ts  exceed 1 in .  per f t  (25.4 mm per 0.305 m) 
of f l a t j a c k  diameter.

4 .2 .5  Cleaning. A f te r  the surface has been prepared, i t  shal l  
be scrubbed and r insed w i th  clean water to  remove any loose par­
t i c l e s  and d i r t  caused by the smoothing operat ion.

4.3 Bearing pad co n s t ru c t io n .

The bearing pad sha l l  be constructed with  a smooth surface against 
which the f l a t j a c k  can be placed d i r e c t l y .  The f l a t j a c k  i t s e l f  
may be used as part  o f  the formwork. Care sha l l  be exercised to  
avoid any a i r  pockets or o ther c a v i t ie s  w i th in  the pad. The 
th ickness o f  the pad sha l l  be no greater  than 1.5 in .  per f t  
(38.1 mm per 0.305 m) o f  f l a t j a c k  diameter at any poin t.  The 
dimensional requirements of the rock face and bearing pads are 
shown in  Figure 4.1.

4.4 Measuring p o in ts .

4 .4.1 Surface measurements. Measurements at the edge of the 
bearing pad sha l l  be taken at a minimum o f  s ix  equal ly spaced 
in te rv a ls  around the edge of the pad. I f  measurements are made 
a t the center  o f the loaded area using an annular f l a t j a c k  they 
sha l l  be taken at a minimum of three equal ly  spaced posit ions
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around the edge o f the opening of the annulus. The displacement
transducers sha l l  be supported so th a t  only the d e f lec t io n  of
the rock i t s e l f  i s  measured. General ly t h i s  means mounting 
the transducers from supports located outside the zone of in f luence 
of the t e s t .  In no case sha l l  the transducers be mounted on 
the loading apparatus.

4 .4 .2  Measurements w i t h in  the rock mass.

4 .4 .2 .1  D e f lec t ion  measurements in  the rock mass i t s e l f  
sha l l  be taken along a l i n e  p a ra l le l  to  the d i re c t io n  of 
loading w i th in  5° and located at the center o f the loaded 
area to  w i t h in  10% o f  the width of the loaded area.

4 .4 .2 .2  The holes f o r  instruments shal l  be as small as pos­
s ib le  ye t  accommodate the instrument. Holes shal l  be diamond 
ro ta ry  d r i l l e d  and cont inuously cored.

4 .4 .2 .3  The loca t io n  o f each measurement po in t shal l  be 
selected by examining the rock core and inspect ing the bore­
hole w i th  a borescope or o ther  su i tab le  device. Measuring 
po in ts  sha l l  be placed on e i t h e r  side o f j o i n t s ,  th in  beds,
seams, e tc .  At leas t  two measuring po in ts  shal l  be placed
w i th in  one f l a t j a c k  diameter o f the rock surface. The 
deepest measuring po in t  sha l l  be located six  f l a t j a c k  d ia ­
meters from the bearing surface.

4.5 P ressur iza t ion  cyc les .

Four pressure cycles sha l l  be conducted to  peak pressures of 
25, 50, 75 and 100% o f  the maximum load, respect ive ly .  Each 
cycle  sha l l  cons is t  o f 10 equal loading increments and 10 equal 
unloading decrements. D e f lec t ion  readings shal l  be taken a f te r  
each load increment and decrement. The peak and zero pressures 
f o r  each cyc le  sha l l  be maintained f o r  10 minutes, w ith  d e f le c t io n  
readings taken at 5-minute i n te r v a ls .

4.6 Time-dependent behavior .

T rans ien t ,  or pr imary, creep may be evaluated by maintain ing a 
given load over a period o f  t ime and reading the d e f lec t io n  at 
var ious time in te r v a l s .  The load sha l l  be maintained w i th in  
j^l% o f  nominal value. The dura t ion  of the te s t  depends on the 
rock type, but i s  genera l ly  between 3 and 30 days. The reading 
in te rva l  depends on the t ra n s ie n t  creep ra te ,  and ranges from 
several hours during the ear ly  phases o f the te s t  to da i ly  fo r  
i t s  dura t ion .

4.7 Data recording requirements.

The data shown on Form GT-D.3-1 sha l l  be recorded fo r  each te s t  
as a minimum.

5.0 Reporting

The purpose of t h i s  sect ion is  to e s tab l ish  the minimum requ i re ­
ments fo r  a complete and usable repor t .  Fur ther d e ta i l s  may be
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added as approp r ia te ,  and the order  o f  Items may be changed i f  _ m
necessary. App l ica t ions  o f  the t e s t  re su l ts  are beyond the scope 
of t h i s  procedure, but may be an in te g ra l  pa r t  o f  some te s t in g  
programs. In th a t  case, an ap p l ica t io n s  sect ion compatible w ith  the 
format described below should be included.

5.1 In t roduc to ry  sect ion o f  the re p o r t .

The in t ro du c to ry  sect ion i s  intended to  present the scope and
purpose o f  the te s t in g  program, and the ch a ra c te r is t ie s  o f the 
materia l  tes ted .

5.1.1 Scope o f te s t i n g  program.

5 .1 .1 .1  The loca t ion  and o r ie n ta t io n  of the p la te  loading
te s ts  sha l l  be presented. A graphic presenta t ion is  recom­
mended.

5 .1 .1 .2  The reasons f o r  se lec t ing  the t e s t  loca t ions  shal l  
be discussed.

5 .1 .1 .3  The areas o f i n t e r e s t  which are not covered by the 
te s t i n g  program and the l im i t a t i o n s  of the data w i th in  the 
areas o f  a p p l i c a t io n  sha l l  be discussed in  general terms.

5 .1 .2  B r i e f  d e s c r ip t io n  of the t e s t  s i t e  geology. The rock 
types sha l l  be described macroscopical ly .  S t ruc tu ra l  features 
a f fe c t in g  the p la te  loading t e s t  sha l l  be described. A diagram 
o f the geology o f  each t e s t  area is  recommended.

5.2 Test method.

5.2.1 Equipment and apparatus. A de ta i led  l i s t i n g  o f the equip­
ment a c tu a l l y  used f o r  the te s t  shal l  be included in  the repor t .
The name, model number, and basic s p e c i f i c a t io n s  o f  each major 
piece sha l l  be l i s t e d .

5 .2 .2  Procedure. The procelure a c tu a l l y  used fo r  the te s t  
should be l i s t e d  in  d e ta i le d  steps.

5 .2.3 V a r ia t io n s . I f  the actual equipment or procedure varies 
from the requirements contained in  t h i s  procedure, each v a r ia t io n  
and the reasons f o r  i t  sha l l  be noted. The e f fe c t  of the v a r ia t io n  
upon the t e s t  re su l t s  sha l l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equat ions used to  reduce 
the data sha l l  be c le a r l y  presented and f u l l y  def ined. Any 
assumptions inherent in  the equat ions or l im i t a t i o n s  in  t h e i r  
ap p l ica t io n s  sha l l  be noted, and the e f fe c t  on the resu l ts
di scussed.

5.3.2 S i t e - s p e c i f i c  in f luences .

5 .3 .2 .1  Assumptions. The degree to  which the actual t e s t  
s i t e  condi t ions conform to  the assumptions contained in  the 
data reduct ion equations sha l l  be discussed.
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5 .3 .2 .2  Correct ion fa c to rs .  Any fac to rs  or methods appl ied 
to  the data to  co r rec t  f o r  a nonideal s i t u a t i o n  shal l  be 
f u l l y  expla ined.

5.4 Resu l ts .

5.4.1 Summary t a b le . A summary tab le  shal l  be presented inc lud ing 
the rock m a te r ia ls ,  the pressure range over which the modulus 
values were ca lcu la ted ,  the average modulus values, ranges, and 
u n c e r ta in t ie s .

5.4.2 Table of in d iv idu a l  r e s u l t s . A tab le  l i s t i n g  te s t  number, 
rock m a te r ia l / s t r u c t u r e ,  and average modulus values fo r  each te s t  
loca t io n  sha l l  be presented.

5 .4 .3  Graphic p resen ta t ions . A t y p ic a l  d e f le c t io n  curve fo r  
each rock mater ia l  sha l l  be presented.

5 .4 .4  Time-dependent p roper t ies

5 .4 .4 .1  A comparison o f  s t r a in  d e f le c t io n  at various times 
f o r  the rock types o f i n t e r e s t  shal l  be presented.

5 .4 .4 .2  Typical t ra n s ie n t  creep curves fo r  each rock type 
sh a l1 be presented.

5 .4 .5  Other. The fo l lo w ing  o ther  types o f analyses and pre­
senta t ions may be included as appropr ia te.

5 .4 .5 .1  Rela t ionsh ip  between modulus and appl ied st ress.

5 .4 .5 .2  Discussion o f modulus dependence on geology.

5 .4 .5 .3  Histograms o f  re su l ts

5 .4 .5 .4  Comparison w ith  labora tory  modulus values or the 
re su l t s  o f o ther  in  s i t u  modulus tes ts .

5 .4 .5 .5  Comparison o f r e su l t s  to other rock types or  pre­
vious studies.

5.5 E r ro r  es t imate .

The re su l t s  sha l l  be analyzed using standard s t a t i s t i c a l  methods.
A l l  u n c e r ta in t ie s  sha l l  be ca lcu la ted  using a 95% confidence 
i n te r v a l .

5.5.1 Measurement e r r o r . The e r r o r  associated w ith  a single  
t e s t  sha l l  be evaluated. This includes the combined e f fe c ts  of 
a l l  t ransducers, power suppl ies , readout devices, etc.

5.5.2 Sample v a r i a b i l i t y . For each rock material  or  s t ruc tu re
the mean modulus value, range, standard dev ia t ion  and 95% confidence 
l i m i t s  f o r  the mean sha l l  be ca lcu la ted ,  as a minimum. The un­
c e r ta in t y  o f the group sha l l  be compared with  the measurement 
uncer ta in ty  to  determine whether measurement e r ro r  or rock v a r i ­
a b i l i t y  i s  the dominant fa c to r  in  the resu l ts .
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5.5.3 Group c o r r e l a t i o n . When appropr ia te ,  the means o f groups 
sha l l  be compared to  determine whether the observed d i f fe rence  
between groups is  s i g n i f i c a n t  a t the 95% conf idence leve l .

5.6 Appended data .

5.6.1 Pressure d e f le c t io n  curves. A pressure vs. d e f le c t io n  curve 
f o r  each t e s t  sha l l  be included in  an appendix.

5.6.2 Test form. A completed t e s t  data Form GT-D.3-1 f o r  each 
t e s t  sha l l  be included in  an appendix.

5.6.3 Creep curves. I f  approp r ia te ,  a t ra n s ie n t  creep curve 
f o r  each creep te s t  sha l l  be included in  an appendix.

6.0 Qua l i ty  Assurance

The fo l low ing  items are the minimum requirements to  ensure th a t  the 
t e s t  re su l ts  are defendable and t raceab le .  I t  i s  not the i n te n t  o f  
t h i s  sect ion to  e s ta b l i sh  Q ua l i ty  Assurance procedures, but to  iden­
t i f y  those po in ts  dur ing the t e s t  a t which Qua l i ty  Assurance act ion 
i s  requi red.

6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  t e s t i n g ,  a l l  personnel sha l l  be p re q u a l i f ie d  as des­
cr ibed in  Section 2.1.

6.2 Test inspec t ion .

Qua l i ty  Assurance personnel sha l l  review the te s t  setup, the 
procedure, and the equipment performance v e r i f i c a t i o n .  A f te r  
t e s t i n g ,  the completed Form GT-D.3-1 sha l l  be reviewed, and 
signed o f f  only i f  co r re c t .

6.3 Required documentation.

6 .3 .1  Equipment performance v e r i f i c a t i o n . Qua l i t y  Assurance 
sha l l  maintain complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6 .3 .2  Equipment se r ia l  numbers. Qual i ty  Assurance sha l l  v e r i f y  
th a t  se r ia l  numbers o f  a l l  equipment used in  the t e s t  are re ­
corded on Form GT-D.3-1.

6 .3 .3  Test s i g n - o f f s . Qua l i ty  Assurance sha l l  maintain signed- 
o f f  copies o f Form GT-D.3-1.
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In S i tu  Modulus o f  Deformation Using the 
F le x ib le  Plate Loading Method 

Test Data Sheet -  Form GT-D.3-1

Pro ject  _____________________________  Test No.

Pg.l

F e a tu re ______________________________  Rock Type_____
Test Locat ion _______________________  Plate Diameter

Or ien ta t ion  _________________________  Tested B y ____

Date

Measurement Depths No. 1   No. 4

No. 2   No. 5

No. 3 No. 6

Equipment Date o f  Next
Descr ip t ion  Ser ia l  No. C a l ib ra t ion

Def lec t ion  Readings 
Time Load Reading No. 1 No. 2 No. 3 No. 4 No. 5 No. 6



Form GT-D.3-1 

Pg. 2

Def lec t ion  Readings 

Time Load Reading No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

Remarks;

Test S u p e rv is o r_________________________________ ^Date

Qua l i ty  Assurance _______________________________ ^Date
Pro jec t E n g in e e r________________________________ Date
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Procedure GT-F.l

In Situ  Permeabnity  Measurement o f  Rock 
Using Borehole Packers

1.0 Background

1.1 Scope.

1.1.1 Object ive o f the t e s t . The ob jec t ive  o f  t h i s  te s t  i s  to 
measure the a b i l i t y  o f  a rock mass in  s i t u  to  t ransm it  water.

1 . l . Z  L im i ta t io n s . Permeabi l i ty  values determined from borehole 
packer te s ts  represent the combined e f fe c ts  o f  many features of 
the rock which may have widely  varying ind iv idua l  pe rmeab i l i t ies .  
However, the measured permeab i l i ty  can give a good approximation 
of the capacity  o f  the given stratum to  transmit  water,  provid ing 
the t e s t  sect ion  includes rocks and f rac tu res  which are typ ica l  of 
the e n t i r e  fo rmation.

1.2 General d e sc r ip t io n  o f the t e s t .

A borehole i s  d r i l l e d  in to  a rock mass. A sect ion of the bore­
hole i s  sealed o f f  w ith  pneumatic or mechanical packers. Water 
i s  pumped in to  the t e s t  sect ion under pressure and out in to  the 
rock mass u n t i l  a constant f low ra te  is  achieved at a constant 
pressure. The t e s t  is  repeated at several pressure leve ls .  
Penneabi l i ty  i s  then ca lcu la ted .

1.3 Data reduc t ion .

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  Corrected average pressure -  the net pressure at 
the cente r  of the t e s t  i n t e r v a l .

1 .3 .1 .2  Permeabi1i t y  -  the capacity o f  a porous or f r a c ­
tured medium fo r  t ra n s m i t t i n g  water.

1 .3 .1 .3  Equiva lent permeab i l i ty  -  the penneab i l i ty  o f the 
rock mass, assuming th a t  the rock i s  uniform and porous over 
the e n t i r e  t e s t  sect ion.

1 .3 .1 .4  Darcy - a u n i t  of  pe rmeab i l i ty .  A porous medium has 
a permeab i l i ty  o f  1 darcy when a f l u i d  o f 1 cent ipo ise 
v is c o s i t y  [water has 1 cent ipo ise  v i s c o s i ty  at 58°F (20°C)] 
f lows throug^ i t  a t 2 a ra te  of 0.06 in .  (1 cm ) per second 
per 0.16 i n .  (1 cm ) o f c ross-sect iona l  area and 0.39 in .
(1 cm) o f  length at a pressure d i f f e r e n t i a l  of  1 atmosphere 
[407 in .  (1034 cm) o f water at the same temperature].

1.3.2 Equations. The equat ions used in t h i s  procedure are based 
on U.S. Army Corps of Engineers (1980) and Dodds (1969).

1.3 .2 .1  The corrected average pressure, P^, i s  ca lcu la ted 
by two d i f f e r e n t  methods depending on where the te s t  pressure 
is  measured.
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I f  the t e s t  pressure i s  measured at the center o f the te s t
sec t ion ,  i s  ca lcu la ted  using:

= Pt -  Pi (1)

where:
P̂. = t o ta l  measured pressure during the t e s t

P. = i n i t i a l  measured pressure p r i o r  to  the s ta r t  o f  
the t e s t .

The i n i t i a l  pressure is  due to  the s t a t i c  pressure e x is t in g  
in  the formation.

I f  the t e s t  pressure i s  measured a t the surface, i t  must be 
corrected f o r  the e f fe c t s  o f  the p ip ing  between the pressure 
gage and the t e s t  i n t e r v a l ,  which cause pressure to be lo s t .  
These e f fe c t s  inc lude:

a. f r i c t i o n  between the water and wal ls  o f  the p ipe,
b. f r i c t i o n  and tu rbulence caused by con t rac t ion  or 

enlargements a t pipe coupl ings,
c. f r i c t i o n  due to  bends in  the pipe,
d. pressure loss as the water enters the te s t  i n t e r v a l ,

which i s  o f l a rg e r  diameter than the pipe.
e. pressure loss at the gage where the water is f lo w ­

ing past the opening to  the measurement pipe a t  a 
f i n i t e  v e lo c i t y ;

The pressure loss from Factor  d, P^^, may be ca lcu la ted  
usi  ng:

2

p  .  ' ' e  " ' w  ( 2 )
le  2g

where:
Vg = v e lo c i t y  a t downhole end o f  pipe

Y = u n i t  weight of waterI w ^
g = acce le ra t ion  o f  g ra v i t y .

The pressure loss from Factor e, P, , may be ca lcu la ted  
using: ^

V 2 Y
^ la  = q (3)

'9 2 g

where:
Vg = v e lo c i t y  at pressure gage.
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I f  the pipe i s  the same diameter at the pressure gage and 
a t the downhole end, then V = V , and the two e f fe c ts  can­
cel . ^

The e f fe c t s  o f  Factors a through c, the f r i c t i o n  losses, may 
be evaluated by c a l i b r a t i n g  the te s t  system or by using 
standard values from hydrau l ic  handbooks.

The corrected average pressure when the te s t  pressure is  mea­
sured a t  the surface is  ca lcu la ted using:

Pc = Pt -  Pf ^ Ph (4)

where:
P̂  = measured t e s t  pressure

P^ = pressure losses due to f r i c t i o n

P^ = pressure d i f fe rence  between induced hyd ros ta t ic  
head (due to t e s t  setup) and s t a t i c  formation 
pressure.

1 .3 .2 .2  The f low in  the rock mass may be e i t h e r  laminar or 
tu rb u le n t .  The nature o f the f low is  determined by p lo t t i n g  
the f low ra te  as a func t ion  of average corrected pressure.
A l i n e a r  re la t io n s h ip  ind ica tes  laminar f low,  as shown on 
Figure I .3a .  A concave downward curve, as shown on Figure 
1.3b, ind ica tes  tu rb u le n t  f low. A concave upward curve, 
as shown on Figure 1.3c, ind ica tes  tha t  the permeabi l i ty  is  
increasing w i th  pressure. This genera l ly  occurs in f r a c ­
tured rocks, where the f rac tu res  are forced apart  or f r a c ­
tu re  f i l l i n g s  are washed out by the water. In such cases, 
i t  cannot be d e f i n i t e l y  stated whether the f low i s  laminar 
o r  tu rb u le n t .

1 .3 .2 .3  The equiva lent pe rmeab i l i ty ,  k, in  darc ies, i s  c a l ­
culated f o r  laminar f low using:

^ Q yx  10^ In / R ) (5)
2 ttLP^

where:
Q = f low ra te  (cc/sec)

y = absolu te v is c o s i t y  o f water (poises, from Table 1.1) 

L = length o f  t e s t  sect ion (cm)

P̂  = corrected average pressure (atm)

R = radius o f  in f luence (cm) 

r = radius o f  borehole (cm).
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Table 1.1

V isco s i t y  o f Water

Absolute Kinematic
V isco s i t y  V iscos ity .

Temp. °C poise or cm /sec

0 0.0179
2 0.0167
4 0.0157
6 0.0147
8 0.0139

10 0.0131
12 0.0124
14 0.0117
16 0.0111
18 0.0106
20 0.0100
22 0.0096
24 0.0091
26 0.0087
28 0.0084
30 0.0080
32 0.0077
34 0.0074
36 0.0071
38 0.0068
40 0.0066
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The radius o f In f luence Is the rad ia l  d is tance from the te s t  
sect ion over which the t e s t  pressure d iss ipa tes .  I t  i s  de­
pendent on many o f  the same fac to rs  as pe rmeab i l i ty ,  and 
i s  not d i r e c t l y  evaluated in  t h i s  type o f  t e s t .  For most 
rock, i t  i s  est imated to  be betwen 0 . 5L and l .OL.

1 .3 .2 .4  The equiva lent pe rm eab i l i ty ,  k, i s  ca lcu la ted fo r  
tu rb u le n t  f low using:

k = Ux 10 IR
l-m - r ^  

( l - m )
( 6 )

where:
m degree o f  n o n l in e a r i t y .

The degree of n o n l in e a r i t y  i s  ca lcu la ted  from the s t ra ig h t  
l i n e  approximation o f the p lo t  o f log P vs. log Q. The 
value should be between 1 and 2.

1 .3 .2 .5  Permeabi l i ty  o f  ind iv idua l  f ra c tu re s  assumes th a t  the 
f low i s  laminar between two p a ra l le l  p la tes  and th a t  the rock 
between the f ra c tu re s  i s  impermeable. The equivalent para­
l l e l  p la te  aper ture , e, i s  ca lcu la ted  using:

I
• 3

I
I

Qln(R/r)  12 u

where:
n

2 TT nP,

number o f f rac tu res

1 / 3
( 7 )

y = absolu te v i s c o s i t y  o f water (poises, from Table 1.1.)
^ = n irrH f.r.Hn i^vprdcip n rpssu rp  i nvnps ir r r^P. = corrected average pressure (dynes^cm , equiva­

len t  to  atmospheres x 1.0132 x 10 )

The zone o f in f lu e n ce ,  R, i s  dependent on the geometry and 
roughness o f  the j o i n t .  The fa c to r  In (R /r )  var ies between
2.3 and 3.9 when the zone of in f luence i s  assumed to  be 
10 and 50 times the borehole rad ius, respec t ive ly .  For most 
j o i n t s ,  i t  is  reasonable to assume th a t  f r i c t i o n  e f fe c ts  
w i l l  cause the pressure to  d iss ipa te  w i t h in  t h i s  zone, so 
a value o f 3 may be assigned to  the fa c to r  ln (R / r )  without 
changing the equiva lent p a ra l le l  p la te  aper ture by more than 
10%. Equation 7, then, may be re w r i t te n :

e =
■18Q y 

IT nP
1 / 3 ( 8 )

1 .3 .2 .6  For laminar f low ,  the permeab i l i ty  in  darcies of a 
s ing le  f r a c tu re ,  k, i s  ca lcu la ted  using:

k = 1034 ^
12v

( 9 ) •I
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where: 2

g = acce lepat ion o f  g ra v i t y  (cm/sec )
2

= kinematic  v i s c o s i t y  o f  water (cm /sec) .V

1 .3 .2 .7  For tu rb u le n t  f low ,  the equiva lent p a ra l le l  p la te  
aper ture ,  e, i s  determined from the l in e a r  por t ion  of the 
f low vs. average corrected pressure curve. The permeab i l i ty ,  
k,  i s  ca lcu la ted  using:

U  X  1 0 ^  -  r ^ ~ * ^ )

(2 TTne)''’ P^(l-m)
( 10)

1.3.3 Assumptions. The equat ions presented above were derived 
f o r  a homogeneous i s o t r o p i c  medium. Rock in  s i tu  i s  ra re ly  so, 
but the size and o r ie n ta t io n  of the te s t  in te rva l  can be ad­
jus ted  to  conform as f a r  as poss ib le  to these assumptions.

•The equat ions f o r  penneab i l i ty  o f  ind iv idua l  f rac tu res  assume 
th a t  the borehole i s  perpendicu lar to the f ra c tu re  plane. Again, 
t h i s  assumption is  s a t i s f i e d  by proper o r ie n ta t io n  o f the borehole

1.4 References.

1.4.1 Daugherty, R.L. and F ra n z in i ,  J .B . ,  1965, Fluid Mechanics: 
w i th  Engineering A p p l i c a t io n s , McGraw-Hi l l ,  I n c . ,  New York.

1.4.2 Davis, S.N. and DeWiest, R .J . ,  1966, Hydroqeology, John 
Wiley and Sons, I n c . ,  New York.

1 .4 .3  Dodds, R .K . , 1969, "E f fe c t i v e  Explora t ion Inspection - Water 
Pressure Tests in  Bor ings" ,  N ews le t te r , 2,  No. 3 . ,  Foundation 
Sciences, In c . ,  Por t land ,  Oregon.

1.4.4 Louis , C. and Main i ,  Y.N. , 1970, "Determination of In 
S i tu  Hydraul ic  Parameters in  Jo in ted Rock", Proceedings o f the 
Second Congress o f  the ISRM, Belgrade, Yugoslavia, 1_.

1.4.5 U.S. Army Corps o f  Engineers, 1980, Standard RTH 381-80, 
"Suggested Method f o r  In S i tu  Determinat ion of Rock Mass Per­
m e a b i l i t y  Using Water Pressure Tests" ,  Rock Test ing Handbook, 
Geotechnical Laboratory, Waterways Experiment S ta t ion ,  Vicks­
burg, M iss iss ip p i .

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing the 
Technicians and Test Supervisor,  sha l l  be fo rmal ly  p requa l i f ied  
under the Qua l i t y  Assurance procedures establ ished as part of  
the ove ra l l  t e s t in g  program.

2.2 Equipment performance veri  f  i c a t i o n .

The compliance o f a l l  equipment and apparatus with the performance 
sped f i c a t i o n s  in Sect ion 3.0 o f  t h i s  procedure shal l  be v e r i f i e d .
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I f  no requirements are stated In Sect ion 3.0, the manufacturer 's 
s p e c i f i c a t io n s  f o r  the equipment sha l l  be the required level o f 
performance. Performance v e r i f i c a t i o n  is  genera l ly  done by c a l i ­
b ra t ing  the equipment and measurement systems. C a l ib ra t io n  and 
documentation sha l l  be accomplished according to  standard Qua l i t y  
Assurance procedures.

2.3 Boreholes d r i l l e d .

2.3.1 Number and o r i e n t a t i o n . The number o f boreholes should be 
s u f f i c i e n t  to  sample each major rock formation to  the d e ta i l  
required by the scope of the p ro je c t .  The boreholes should be 
or iented to  in te rs e c t  major f r a c tu re  sets at r i g h t  angles.

2 .3 .2  Boreholes cored. The boreholes should be cont inuously core- 
d r i l l e d  using diamond b i t s .  This w i l l  provide a r e l a t i v e l y  smooth 
borehole wa l l  f o r  packer seat ing ,  as wel l  as core f o r  de te r ­
mining the t e s t  loca t io n s .

2 .3 .3  Core 1ogged. The rock core from the boreholes should be 
logged, w ith  p a r t i c u l a r  emphasis on basic mater ia ls  and natura l  
f r a c tu re s ,  as described in  procedure GT-A.3 "Techniques f o r  Logging 
Rock Core."

2 .3 .4  Boreholes washed. The boreholes must not conta in any ma­
t e r i a l  t h a t  could be washed in to  the permeable zones during t e s t ­
ing ,  changing the permeabi1i t y .  The boreholes should be f lushed 
w i th  clean water u n t i l  the re tu rn  i s  free from cu t t in g s  or d i r t .

2.4 Test loca t ions  and in te r v a l s  se lec ted.

Test loca t ions  and i n te r v a l s  are determined from the core logs, 
inspec t ion  of the core, and, i f  necessary, v isua l inspect ion  o f  the 
borehole w i th  a borescope or  TV camera.

2.4.1 A l l  mater ia ls  sampled. Each major ruck type th a t  can be 
iso la ted  w i th  the packers should be tested.

2.4.2 D is c o n t in u i t i e s  sampled. D is c o n t in u i t i e s  are often the 
major permeable features in  hard rock. Jointed zones, f a u l t  zones, 
bedding planes, e tc .  should be tested both by i s o la t i n g  i n d i ­
vidual fea tures and eva lua t ing  the combined e f fe c ts  o f  several 
s im i l a r  fea tures.

2.4 .3  Redundant t e s t s . Several te s ts  should be conducted in  the 
same rock type or should encompass s im i la r  fea tures ,  in  order to 
evaluate v a r i a b i l i t y  w i t h in  the rock mass.

3.0 Equipment and apparatus

A schematic o f  the t e s t  setup i s  shown on Figure 3.1.

3.1 Pump.

The pump sha l l  d e l i v e r  water to the te s t  in te rva l  at a uniform f low 
and constant pressure. A tu rb in e  pump has been found s a t i s f a c ­
to ry .  The pump sha l l  d e l i v e r  water at a maximum pressure of at
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leas t  150 psi  (1.034 MPa). The volume capacity  depends on the 
length o f the t e s t  i n te rv a l  and the expected permeab i l i ty  o f  the 
rock, but the pump sha l l  have a capacity o f  at leas t  20 ga l.
(75.7 1) per minute.

3.2 Packers.

Pneumatic packers are recommended because they produce a p o s i t i v e  
seal on the borehole w a l l ;  however, mechanical packers may be used. 
Each packer sha l l  seal a po r t ion  of the borehole wal l  at  leas t  
18 i n .  (0.46 m) in  length w i th  an appl ied pressure at leas t  
100 psi  (0.69 MPa) g rea te r  than the maximum water pressure to  
be appl ied to  the i n t e r v a l .

3.3 Pressure t ransducers .

I t  i s  recommended th a t  the te s t  pressure be measured d i r e c t l y  
in  the t e s t  in te rv a l  w i th  an e le c t ro n ic  pressure transducer.  
A l t e r n a t i v e l y ,  pressure may be measured at the surface w i th  an 
e le c t ro n ic  transducer or pressure gage. In any case, the t ra n s ­
ducer sha l l  have an accuracy o f  a t leas t  ĥ I psi (0.0069 MPa), 
inc lud ing  e r ro rs  introduced by the readout equipment, and a 
reso lu t io n  of a t le a s t  0.5 psi  (0.0034 MPa).

3.4 Flow meter.

A f low meter th a t  records t o ta l  volume shal l  be used. I t  sha l l  
have an accuracy o f  at le a s t  +0.1 ga l.  (0.38 1) and a reso lu t ion  
of at leas t  0.05 ga l .  (0.19 l y .  Very low permeab i l i ty  mater ia ls  
may requ i re  a more se n s i t ive  f lowmeter.

3.5 Stop watch.

A stop watch capable o f measuring accurate ly  to  w i th in  0.1 second 
sh a l1 be a va i la b le .

3.6 Hydraul ic  manifo ld , p ipe, and hoses.

A hyd rau l ic  manifo ld  w i th  a bypass sha l l  be used to  contro l  system 
pressure. An accumulator sha l l  be incorporated to dampen any 
pressure surges in  the system. The use o f valves i s  recommended. 
The pressure transducer ( i f  surface mounted) and f low meter sha l l  
be mounted between the valves and the downhole por t ion  o f the te s t  
apparatus. The pipe diameter should be as large as poss ib le ,  to  
minimize f r i c t i o n  losses. The pipe diameter shal l  be equal where 
i t  enters the t e s t  in te rva l  and a t the surface pressure t r a n s ­
ducer ( i f  used). I f  the zone packer method with  a perfora ted pipe 
between the packers i s  used, the t o ta l  area o f the holes in  the 
pipe sha l l  be at leas t  th ree t imes the cross-sect iona l  area o f the 
pipe.

4.0 Test ing

4.1 Test tvater.

4 .1 .1  Q u a l i t y . Water used f o r  pe rmeab i l i ty  tes ts  shal l  be c lea r  
and fresh .  The presence of even small amounts of s i l t  or c lay in 
the i n j e c t i o n  water could plug the rock around the t e s t  in te rv a l  
and give permeab i l i ty  r e su l t s  th a t  are too low.
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4.1 .2  Temperature. The temperature of the te s t  water shal l  be 
no more than 9°F (5°C) coo le r  than the rock mass to  be tested.
Cold water in je c te d  in to  a warm rock mass causes a i r  to come 
out o f  s o lu t io n ,  and the re s u l t in g  bubbles may g rea t ly  reduce 
water acceptance by the rock.

4.2 Borehole washing.

S u f f i c i e n t  t ime sha l l  be allowed a f t e r  washing the borehole fo r  
any induced fo rmation pressures to  d iss ip a te .  This i s  p a r t i c ­
u l a r l y  important f o r  s ing le  packer t e s t s ,  which are genera l ly  
done as par t  o f  the d r i l l i n g  operat ion.

4.3 Pressure l e v e l s .

The permeab i l i ty  t e s t  sha l l  be conducted at no fewer than three 
pressure le ve ls  to  ob ta in  f low vs. pressure data. Pressure 
leve ls  o f approximately 25%, 50%, and 100% o f  the maximum te s t  
pressure sha l l  be used. The maximum te s t  pressure is  genera l ly  
120 to  150 psi (0.83 to  1.03 MPa); however, in  no case shal l  
the  e f f e c t i v e  s t ress  be exceeded. I f  the f low-pressure r e la ­
t io n s h ip  i s  notab ly  non l inea r ,  an increased number o f  i n t e r ­
mediate pressure leve ls  i s  recommended.

4.4 Constant f lo w .

Water sha l l  be pumped in to  the t e s t  sect ion cont inuously at the 
spec i f ied  pressure dur ing the t e s t .  P e r io d ic a l l y ,  the time re ­
quired f o r  a known volume of water to be pumped in to  the rock mass 
sha l l  be measured. The volume o f  water sha l l  be 5, 10, or 20, etc. 
ga l.  (18.9, 37.9 or 75.7 1) as required f o r  a measurement i n t e r ­
val o f at le a s t  60 seconds. A constant f low ra te  i s  achieved when
the time o f two consecut ive measurements o f  the same volume of
water d i f f e r  by less than 1%.

4.5 Data recordi  nq.

The data shown on Form GT-F.1-1 sha l l  be recorded as a minimum.

5.0 Reporting

The purpose of t h i s  sect ion i s  to  e s ta b l ish  the minimum requirements 
f o r  a complete and usable repor t .  Fur ther  d e ta i l s  may be added as 
appropr ia te ,  and the order  o f items may be changed i f  necessary. Ap­
p l i c a t i o n s  of the t e s t  r e su l t s  are beyond the scope o f t h i s  proce­
dure, but may be an in te g ra l  par t  o f  some te s t in g  programs. In tha t  
case, an ap p l ica t io n s  sect ion compatible w ith  the format described 
below should be included.

5.1 In t roduc to ry  sect ion of the re p o r t .

The in t ro du c to ry  sect ion i s  intended to  present the scope and
purpose o f the te s t in g  program, and the c h a ra c te r is t i c s  o f the 
materia l  tes ted .
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5.1.1 Scope of tes t ing  program.
5 .1 .1 .1  Locat ion and o r ie n ta t i o n  o f  the boreholes. The 
loca t io n  and o r ie n ta t i o n  of boreholes and t e s t  i n te rva ls  
sha l l  be presented. For te s ts  in  many boreholes or a v a r ie ty  
of rock types, the t e s t  matr ix  should be presented in  tabu la r  
form.

5 .1 .1 .2  Rationale f o r  te s t  loca t io n  se lec t ion .  The reasons 
f o r  the number, l o c a t io n ,  and size o f t e s t  i n te rv a ls  shal l  
be c l e a r l y  s tated.

5 .1 .1 .3  L im i ta t io n s  
i n t e r e s t  which are 
the l im i t a t i o n s  o f 
sha l l  be discussed

5.1.2 B r i e f  d e sc r ip t io n  
tu re . f a b r i c ,  g ra in  size 
of the rock mass in  the 
minimum. Fur ther  d e ta i l  
s u i t s ,  but in  general i s  
f o r  several rock types, 
t a b u la r  presenta t ion  i s

5.2 Test method.

o f  the te s t in g  program. The areas of 
not covered by the te s t in g  program and 
the data w i t h in  the areas o f a p p l ica t io n  
in  general terms.

o f  the t e s t  i n t e r v a l s .  Rock type, s truc-
, d i s c o n t i n u i t i e s ,  vo ids, and weathering 
t e s t  i n t e r v a l s  sha l l  be described, as a 

depends on the a p p l i ca t io n  of the re -  
not requi red. In va r iab le  mater ia l  or 

many i n te r v a l s  may be described, and a 
recommended f o r  c l a r i t y .

5 .2.1 Equipment and apparatus. A d e ta i le d  l i s t i n g  of the equip­
ment a c tu a l l y  used f o r  the te s t  sha l l  be included in  the repor t .
The name, model number, and basic s p e c i f i c a t io n s  sha l l  be l i s t e d  
f o r  each major piece.

5.2.2 Procedure. The procedure a c tu a l l y  used f o r  the te s t  sha l l  
be l i s t e d  in  de ta i led  steps.

5 .2 .3  V a r ia t io n s . I f  the actual equipment or procedure varies 
from the requirements contained in  t h i s  procedure, each v a r ia t io n  
and the reasons f o r  i t  sha l l  be noted. The e f fe c t  o f  the v a r ia t io n  
upon the t e s t  r e su l t s  sha l l  be discussed.

5.3 Theoret ica l  background.

5.3 .1  Data reduct ion equat ions. A l l  equat ions used to  reduce the 
data sha l l  be c le a r l y  presented and f u l l y  def ined. Any assump­
t io n s  inherent in  the equat ions and any l im i t a t i o n s  in  t h e i r  ap­
p l i c a t i o n s  sha l l  be noted, and t h e i r  e f fe c t s  on the resu l ts  d i s ­
cussed.

5.3.2 S i t e - s p e c i f i c  in f luences .

5 .3 .2 .1  Assumptions. The degree to  which the actual lab -  
boratory  t e s t  cond i t ions  conform to  the assumptions con­
tained in  the data reduct ion equat ions shal l  be discussed.

5 .3 .2 .2  Correct ion fac to rs ,  
to  the data to  co r rec t  f o r  a 
f u l l y  explained.

Any fac to rs  or  methods appl ied 
nonideal s i t u a t i o n  shal l  be
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5.4 Resu l ts .

5.4.1 Summary t a b le . A tab le  o f  resu l ts  inc lud ing  the rock or 
d is c o n t in u i t y  types, the average values o f  the pe rm eab i l i t ie s ,  
the ranges, and the u n ce r ta in t ie s  shal l  be presented.

5 .4.2 Ind iv idua l  r e s u l t s . A tab le  o f  ind iv idua l  resu l ts  in c lu d ­
ing t e s t  number, i n te rv a l  leng th ,  rock type, permeabi1i t y , and 
to ta l  volume of water in jec ted  sha l l  be presented.

5 .4.3 Graphic data. Typical  f low vs. pressure curves fo r  each 
rock or  d is c o n t in u i t y  type sha l l  be presented. The type o f f low 
ind icated by each curve sha l l  be discussed.

5.4.4 Other. The fo l lo w ing  o ther  types o f  analyses or presentat ions 
may be included as appropr ia te.

5 .4 .4 .1  Discussion o f  the nature of the permeable s t ruc tu res .

5 .4 .4 .2  Histograms o f  r e s u l t s .

5 .4 .4 .3  Comparison o f  r e su l t s  to other  studies o r  previous
work.

5.5 Er ro r  es t imate .

The re su l t s  sha l l  be analyzed using standard s t a t i s t i c a l  methods.
A l l  u n c e r ta in t ie s  shal l  be ca lcu la ted  using a 95% confidence 
i n te r v a l .

5.5.1 Measurement e r r o r . The e r ro r  associated w i th  a single
te s t  sha l l  be evaluated. This includes the combined e f fe c ts  of a l l  
pressure and f low  ra te  determinat ions.

5.5.2 Sample v a r i a b i l i t y . For each rock or d is c o n t in u i t y  type, 
the mean permeabi1i t y , range, standard dev ia t ion and 95% c o n f i ­
dence l i m i t s  f o r  the mean sha l l  be ca lcu la ted ,  as a minimun. The 
uncer ta in ty  f o r  each rock type sha l l  be compared w ith  the measure­
ment uncer ta in ty  to  determine whether measurement e r ro r  or sample 
v a r i a b i l i t y  i s  the dominant f a c to r  in the resu l ts .

5.5.3 Group c o r r e l a t i o n . When appropr ia te ,  the means of groups 
sha l l  be compared to  determine whether the observed d i f fe rence  
between groups is  s i g n i f i c a n t  a t the 95% confidence leve l .

5.6 Appended data.

5.6.1 Data curves. A f low vs. corrected average pressure curve 
fo r  each t e s t  shal l  be included in  an appendix.

5.6.2 Data forms. A completed data Form GT-F.1-1 fo r  each te s t  
sha l l  be included in  an appendix.

F. 1 - 1 3



6.0 Qua l i ty  Assurance

The fo l low ing  items are the minimum requirements to  ensure tha t  the 
t e s t  r e su l t s  are defendable and t raceab le .  I t  i s  not the in te n t  of 
t h i s  sect ion to  e s ta b l i s h  Qua l i ty  Assurance procedures, but to  iden­
t i f y  those po in ts  dur ing  the t e s t  at which Qua l i t y  Assurance act ion 
i s  required.

6.1 Personnel p re q u a lT f i c a t io n .

P r io r  to t e s t i n g ,  a l l  personnel sha l l  be p re q u a l i f ie d  as de­
scr ibed in  Sect ion 2.1.
6.2 Test insp e c t io n .

Qua l i ty  Assurance personnel sha l l  review the te s t  setup, proce­
dure, and equipment performance v e r i f i c a t i o n .  A f t e r  t e s t i n g ,  
the completed Form GT-F.1-1 sha l l  be reviewed and signed o f f  
only i f  co r re c t .

6.3 Required documentation.

6.3.1 Equipment performance v e r i f i c a t i o n . Qual i t y  Assurance shal l  
maintain complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6 .3 .2  Equipment se r ia l  numbers. Qua l i t y  Assurance sha l l  v e r i f y  
t h a t  se r ia l  numbers o f  a l l  equipment used in  the t e s t  are re ­
corded on Form GT-F.1-1.

6 .3 .3  Test s i g n - o f f s . Qua l i ty  Assurance shal l  maintain signed- 
o f f  copies o f  Form GT-F.1-1.
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In S i tu  Permeabi l i ty  Measurement o f Rock 
Using Borehole Packers

Test Data Sheet -  Form GT-F.1-1

Pro ject

Feature

Test Location

Rock Type ___

Date

Testing by

Test No.

Borehole No. 

Ori enta t ion

Depth o f Test ____

Length o f  In te rva l  

Rock Temperature

Equi pment 
Descri p t ion Ser ia l  No.

Date of Next 
Cal i b ra t ion

Borehole Diameter

Length of Pipe 
Above Packer

Length of Hose Between Pipe and 
Pressure Gage __________________

Packer Pressure

Pipe I .D. _____

Hose I .D.

Time

Water Water
Temp., Pressure, 
°C  psi

Meter 
Readi ng, 

g a l .

I n i t i a l

Fi nal______

A

Elapsed 
Time, 

mi nutes

Flow Rate, 
gal.  per 
mi nute

I n i t i a l  

Fi nal

In i  t i  al

Fi nal



Form GT-F.1-1 
Pg. 2

Time

Water Water
Temp., Pressure, 
X   psi

Meter 
Readi ng,

 gal -
I n i t i a l  

Fi nal

Elapsed 
Time, 

mi nutes

Flow Rate, 
gal.  per 
mi nute

I n i t i a l

Final

I n i t i a l

Fi nal

I n i t i a l

Final

I n i t i a l

Final

I n i t i a l

Fi nal

I n i t i a l

Fi nal

Test S u p e rv is o r_

Quali ty Assurance 

Pro ject Engineer

Date

Date

Date



Procedure GT-H.1 

Rock Bo l t  Anchor Pul l  Test

1.0 Background

1.1 Scope.

1.1.1 Object ive o f t h i s  t e s t . The ob jec t ive  of t h i s  te s t  is 
to  measure the working and u l t im a te  capac i t ies  of a rock bo l t  
anchor, i n  order  to  determine the best anchor system fo r  a 
p a r t i c u la r  rock type.

1 .1.2 A p p l i c a b i l i t y . This procedure is  appl icab le  to  mechanical, 
cement g rout ,  or epoxy res in  anchor systems.

1.2 General d e sc r ip t io n  o f  the t e s t .

A rock b o l t  i s  i n s t a l l e d  in  the same manner and in  the same 
material  as i t s  intended cons t ruc t ion  use. The bo l t  is  pulled 
h y d ra u l i c a l l y  and the d e f le c t io n  of the b o l t  head is  measured 
concurren t ly .  The b o l t  i s  pu l led  u n t i l  the anchor system or 
rock f a i l s .  The u l t im a te  and working capac i t ies  of the bo lt  
are ca lcu la ted  from the p lo t  of load vs. d e f le c t io n .

1.3 Data reduc t ion .

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  D e f lec t ion  - the movement of the rock b o l t  head.

1 .3 .1 .2  Fa i lu re  -  the i n a b i l i t y  o f  the anchor system or 
rock to  susta in  increased load without rap id ly  increasing 
deformation. In some instances, the peak load i t s e l f  can­
not be sustained.

1 .3 .1 .3  Load - the to ta l  ax ia l  fo rce on the rock b o l t .

1 .3 .1 .4  Pressure, s tress - the force per u n i t  area.

1 .3 .1 .5  U l t imate  capacity  -  the maximum load sustained by 
the anchor system.

1 .3 .1 .6  Working capacity  -  the load on the anchor system 
a t  which s i g n i f i c a n t l y  increasing d e f le c t io n  begins.

1.3.2 Equations.

1 .3 .2 .1  The s tress in the b o l t , a b ,  i s  ca lcu la ted using:

where:
P = load on the b o l t

A = c ross-sec t iona l  area of the bo lt

H.1-1



1 .3 .2 .2  The e la s t i c  deformation of the b o l t ,  U, i s  ca lcu ­
lated as:

U =

where:
L = ungrouted or unanchored length o f  b o l t  above the 

anchored zone

E = e la s t i c  modulus o f  the steel in  the b o l t .

1 .3 .2 .3  The working and u l t im a te  capac i t ies  o f the anchor 
system are determined from the p lo t  o f  load vs. d e f le c t io n .
A t y p i c a l  curve i s  shown on Figure 1.1. I n te rp re ta t io n  o f
the curve o ften  requi res some engineering judgment.

1.3.3 Factors in f lu e n c in g  the r e s u l t s . Id e a l l y ,  the rock b o l t  
anchor should f a i l  by shear a t the anchor/rock in te r fa ce  or 
bond. Therefo re, the local c h a ra c te r i s t i c s  o f  the rock, such as 
roughness and induced f ra c tu re s ,  are s i g n i f i c a n t  fac to rs  in  the 
anchor s t reng th .  To obta in  r e a l i s t i c  s trength  values, the te s t  
holes should be d r i l l e d  using the same methods as the construc­
t i o n  rock b o l t  holes.

I t  should also be noted th a t  rocks w i th  s i g n i f i c a n t  t ime-dependent
behavior,  such as rock s a l t  o r  shale, may respond to  the anchor 
system i t s e l f  and change the anchor s t rength .  In these cases, 
cons idera t ion  should be given to te s t in g  b o l ts  over a period of 
t  i me.

The o b je c t ive  o f the te s t  i s  to  measure anchor performance and 
not the performance o f the rock b o l t  i t s e l f .  Thus, to  ensure 
th a t  the b o l t  response during the te s t  i s  minimal and p re d ic ta b le ,  
large d iameter,  short  lennth b o l t s  have been spec i f ied .

1.4 References.

1.4.1 ISRM Commission on Standard izat ion o f Laboratory and F ie ld  
Tests, 1974, "Suggested Method f o r  Determining the Strength of
a Rock Bo l t  Anchor (Pul l  T e s t ) " ,  in  Suggested Methods fo r  Rock 
Bolt  Tes t ing .

2.0 P re requ is i tes

2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing  the 
Techniciansand Test Supervisor,  sha l l  be fo rma l ly  p re qua l i f ied  
under the Q ua l i ty  Assurance procedures establ ished as part of  
the o ve ra l l  t e s t i n g  program.

2.2 Equipment performance v e r i f i c a t i o n .

The compliance of a l l  equipment and apparatus w ith  the p e r fo r ­
mance s p e c i f i c a t io n s  in  Section 3.0 o f  t h i s  procedure shal l  be 
v e r i f i e d .  I f  no requirements are stated in  Sect ion 3.0, the 
manufacturer 's s p e c i f i ca t io n s  f o r  the equipment shal l  be the

H.1-2



U L T IM A T E
CAPACITY

t : /S '‘*»/ <
 ^ ^

S '

WORKING
C A P A C ITY

D E F L E C T IO N S

FIG. 1.1 T Y P IC A L  LOAD VS DEFLECTION CURVE 
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required leve l o f performance. Performance v e r i f i c a t i o n  is  
genera l ly  done by c a l i b r a t i n g  the equipment and measurement 
systems. C a l ib ra t io n  and documentation sha l l  be accomplished 
according to  the standard Qua l i ty  Assurance procedures.

2.3 Test ing program es ta b l ish e d .

2.3.1 Tests in  d i f f e r e n t  rock types. Anchor pu l l  te s ts  should 
be conducted in  a l l  rock types in  which cons t ruc t ion  bo l ts  w i l l  
be i n s t a l l e d .  I f  the rock is  a n is o t ro p ic ,  e . g . ,  bedded or 
sch is tose,  the te s ts  should be conducted in  var ious o r ie n ta ­
t io n s  r e la t i v e  to  the an iso t ropy ,  inc lud ing  those at which the 
cons t ruc t ion  b o l t s  may be i n s t a l l e d .

2.3 .2  Tests o f  d i f f e r e n t  anchor systems. D i f f e re n t  anchor sys­
tems may be tested in  the same rock type and o r ie n ta t io n  to 
determine the r e la t i v e  capac i t ies .  Several types o f  mechanical 
she l l  anchors, f o r  example, may be tested to  determine the most 
appropr ia te  design. Several lengths o f  epoxy grout ing may be 
tested to  determine required length f o r  a spec i f ied  load. The 
r e la t i v e  s t rength  o f mechanical and grouted anchors may be evalu­
ated.

2 .3 .3  Number o f t e s t s . In each rock type, a t each o r ie n ta t i o n ,  
and f o r  each anchor system, a s u f f i c i e n t  number o f te s ts  should 
be conducted to  determine the average and minimum b o l t  capa­
c i t i e s  w i t h in  a f ixed uncer ta in ty  a t  the 95% conf idence le ve l .
The a l lowable uncer ta in ty  band depends on the p ro jec t  and i n ­
volves such fac to rs  as the rock q u a l i t y ,  expected p ro jec t  l i f e ­
t ime, and importance o f  the areas to be bo lted. I t s  determina­
t i o n  w i l l  requ i re  considerable engineering judgment. As a rough 
gu id e l in e ,  a t  le a s t  10 to  12 p u l l  te s ts  f o r  a s ing le  set o f 
var iab les  have been found necessary to  s a t i s f y  the s t a t i s t i c a l  
requi rements.

3.0 Equipment and apparatus

3.1 Loading system.

A system f o r  p u l l i n g  the rock b o l t s  sha l l  cons is t  o f a hollow 
cente r  hyd rau l ic  ram and mount ing/react ion frame. The hydrau l ic  
ram sha l l  be o f s u f f i c i e n t  capacity  to  f a i l  the anchor and sha l l  
have a t ra ve l  range o f  a t lea s t  2 i n .  (51 mm). The mounting/ 
react ion frame sha l l  be usable against  uneven rock surfaces.
The loading system sha l l  apply a force th a t  deviates by no more 
than 5° from the long axis o f  the bo l t  dur ing the te s t .

3.2 Transducers.

3.2.1 Load. An e le c t ro n ic  load c e l l  may be used to  measure the 
load on the rock b o l t .  The c e l l  sha l l  have an accuracy o f  at 
leas t  jh200 lb  (91 kg) ,  inc lud ing  e r ro rs  introduced by the e x c i t a ­
t i o n  and readout system, and a reso lu t io n  of at le a s t  100 lb  
(45 kg).  A l t e r n a t i v e l y ,  a pressure gage or e le c t ro n ic  transducer 
may be used to  measure the pressure appl ied to  the ram, provided 
tha t  the load measurement requirements above are s a t i s f i e d ,  
inc lud ing  the e f fe c t s  o f f r i c t i o n  in  the hydrau l ic  ram, e tc .
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3 .2.2 D1splacement. A d ia l  gage is  recommended to  measure the 
displacement of the rock b o l t  head. I t  shal l  have an accuracy 
of a t lea s t  j^O.OOl in .  (0.025 mm), a reso lu t ion  o f at least 
0.0005 in .  (0.013 mm), and a range of at leas t  2 in .  (51 mm).
I t  sha l l  be mounted along the axis  o f the rock b o l t ,  and shal l  
be supported from a po in t  no c lose r  than 3 f t  (0.92 m) from the 
reac t ion  frame on the rock face. The end o f  the rock b o l t ,  or 
p u l l i n g  rod i f  used, sha l l  be smooth w ith  a counter-s ink area 
approximately 0.25 in .  (6.35 mm) in  diameter to  accommodate the 
measuring t i p  o f the d ia l  gage. Other types of displacement 
transducers may be used provided they s a t i s f y  the requirements 
of t h i s  system.

3.3 Anchor systems.

The anchors used f o r  te s t in g  sha l l  be from the manufacturer 's 
standard product ion stock. Mechanical anchors sha l l  be inspected 
to  ensure t h a t  no de fec t ive  anchors are tested. Grout or  epoxy 
res in  sha l l  be fresh (w i th in  the she l f  l i f e )  and obtained from 
unopened conta iners.

3.4 Rock b o l t  and accessories.

The rock b o l t  sha l l  be o f s u f f i c i e n t  diameter and strength tha t  
i t s  e l a s t i c  range is  not exceeded during te s t in g .  Standard 
bearing p la te s ,  washers, e tc .  may be used as required.

3.5 D r i l l i n g  equipment.

The same type of d r i l l i n g  equipment and d r i l l  b i t s  tha t  w i l l  be 
used f o r  i n s t a l l i n g  rock b o l t s  during the construc t ion phase 
of the p ro je c t  sha l l  be used as f a r  as possible  to  d r i l l  the 
te s t  holes.

3.6 Torque wrench.

I f  expandable she l l  mechanical anchors are used, a torque wrerich 
sha l l  be used to  set them. The wrench shal l  have a capacity at 
leas t  80% greater  than the manufacturer 's recommended anchor 
s e t t in g  to rque. I t  sha l l  have an accuracy o f  at leas t  2% of 
the f u l l - s c a l e  reading, and a reso lu t ion  o f at leas t  1% of the 
fu l  1-seale readi ng.

3.7 Borehole diameter measuring gage.

A gage sha l l  be used to  measure the diameter o f the borehole 
at the anchor loca t io n .  I t  sha l l  have an accuracy o f at least 
j+0.01 in .  (0.25 mm) and a reso lu t io n  of at least  0.005 in .  (0.13 mm).

4.0 Procedure

4.1 D r i l l i n g  the t e s t  ho le .

The t e s t  hole shal l  be d r i l l e d  using the same procedure tha t  
w i l l  be used during cons t ruc t ion .  The borehole shal l  be washed 
clean of a l 1 cu t t in g s .

4 .1.1 Depth. The hole need not be as deep as the proposed length 
of the rock b o l t s .  I t  s h a l l ,  however, be deep enough to set
the anchor past the zone o f disturbance caused by the excavat ion
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and the zone of s tress concentra t ion caused by the react ion o f  the 
p u l l i n g  frame. For mechanical she l l  anchors, the hole shal l  be 
d r i l l e d  1 f t  (0.305 m) past the end of the anchor. A hole 
approximately 6 f t  (1.83 m) in  length has genera l ly  been found 
to be adequate.

4 .1 .2  S t ra igh tness . The t e s t  hole sha l l  be v i s u a l l y  inspected 
using a f l a s h l i g h t .  I f  more than one h a l f  o f  the bottom o f  the 
hole cannot be seen, the hole i s  not s u f f i c i e n t l y  s t r a ig h t  f o r  
a p u l l  t e s t  and sha l l  not be used.

4 .1 .3  Diameter measurement. The t e s t  hole diameter sha l l  be 
measured in  two perpendicu lar  d i re c t io n s  at the top and bottom 
of the anchor loca t io n  f o r  a to ta l  o f  four  measurements.

4.2 Preparat ion of anchors.

Expansion s h e l l - t y p e  anchors, o r  the po r t ion  o f  the grouted rock 
b o l t  to  be embedded in  the anchoring medium, sha l l  be brushed f ree 
o f d i r t  and ru s t .  Grease or  o i l  sha l l  be removed w i th  an appro­
p r ia te  so lvent i f  necessary.

4.3 Se t t ing  the anchor.

4.3.1 Mechanical anchors. The downhole end o f  the rock b o l t  
sha l l  be l i g h t l y  lub r ica te d  and the anchor sha l l  be screwed on. 
When in  p o s i t i o n ,  the b o l t  sha l l  be torqued to  the manufacturer ' s 
recommended leve l to  set the anchor. I f  t h i s  torque cannot be 
achieved because of anchor sl ippage due to  shear f a i l u r e  in  the 
rock, the maximum torque reading sha l l  be noted and subsequent 
anchors i n s t a l l e d  to  80% o f  t h i s  value. Anchors which s l i p  sha l l  
not be tes ted .  In a l l  cases, any s l ip p in g  or o ther  anomalous 
behavior sha l l  be recorded on Form GT-H.1-1.

4.3 .2  Cement grout or epoxy res in  anchors. Cement grout or 
epoxy res in  anchors sha l l  be i n s t a l l e d  according to  manufacturer 's 
recommendations.

4.4 Tes t ing .

A t y p ic a l  rock b o l t  anchor pu l l  t e s t  schematic i s  shown on 
Figure 4.1.

4.4.1 Load c y c l in g . On at leas t  h a l f  o f  the te s ts ,  th ree loading 
and unloading cycles sha l l  be performed to  check f o r  p re fa i l u r e  
anchor movements. The load sha l l  be appl ied in  cycles to  1/4,
1/2, and 3/4 o f the est imated f a i l u r e  load. The b o l t  sha l l  be 
loaded in  10 equal increments and unloaded in 10 equal decrements.

4.4 .2  Rate. The load sha l l  be appl ied smoothly and ra p id ly .

4.4.3 F a i lu r e . A f t e r  the t h i r d  cyc le ,  the b o l t  sha l l  be pu l led 
to f a i l u r e  in  the same increments as during the la s t  cycle or in  
500 lb  (226.8 kg) increments, whichever i s  less.

4 .4 .4  Noncycled b o l t s . Bol ts  which are not cycled sha l l  be 
tested to  f a i l u r e  in  20 equal load increments or increments o f 
500 lb  (226.8 kg) ,  whichever i s  less.

4 .4 .5  D e f le c t io n  readings. D e f lec t ion  sha l l  be read and recorded 
a f t e r  each pressure increment or decrement, as soon as the 
readings are stab le.
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4.4 .6  F a i lu r e . F a i lu re  sha l l  be the peak load sustained by the 
b o l t ,  as shown on Figure 1.1, o r  a t o ta l  d e f le c t io n  of 0.5 in .
(12.7 mm).

4.4 .7  P o s t f a i l u re  load ing . The bo l t  sha l l  be pul led 0.5 in .
(12.7 mm) beyond the f a i l u r e  d e f l e c t io n ,  w ith  load recorded 
every 0.05 in .  (1.3 mm).

4.5 Data record i  ng.

The data shown on Form GT-H.1-1 sha l l  be recorded as a minimum 
f o r  the t e s t .

5.0 Reporting

The purpose o f  t h i s  sect ion i s  to  e s tab l ish  the minimum requirements 
f o r  a complete and usable repor t .  Fur ther  d e ta i l s  may be added as 
approp r ia te ,  and the order  o f  items may be changed i f  necessary. Ap­
p l i c a t i o n s  o f  the t e s t  r e s u l t s  are beyond the  scope o f t h i s  procedure, 
but may be an in te g ra l  pa r t  o f  some te s t in g  programs. In tha t  case, 
an app l ica t ions  sect ion compatible w i th  the format described below 
should be included.

5.1 In t roduc to ry  sect ion of the re p o r t .

The in t ro du c to ry  sect ion is  intended to  present the scope and 
purpose o f  the te s t in g  program, and the c h a ra c te r i s t i c s  o f  the 
mater ia ls  tes ted .

5.1.1 Scope of te s t in g  program.

5 .1 .1 .1  Number of anchors and rock types tes ted .  In a 
large repor t  covering the re su l ts  o f  te s ts  in  several rock 
types w i th  several anchor types, the t e s t  matr ix  i s  best 
presented in  a ta b u la r  form.

5 .1 .1 .2  Rationale f o r  t e s t  se lec t ion .  The reasons fo r  the 
number, loca t ions  and types o f  anchors tested sha l l  be c le a r l y  
s ta ted.

5 .1 .1 .3  L im i ta t io n s  o f the te s t in g  program. The areas 
o f i n t e r e s t  which are not covered by the te s t in g  program 
and the l im i t a t i o n s  o f  the data w i t h in  the areas o f a p p l i ­
ca t ion  sha l l  be discussed in  general terms.

5.1.2 B r i e f  d e sc r ip t io n  o f the t e s t  l o c a t io n s . The rock type, 
major s t ru c tu re s ,  weathering, and any o ther  fac to rs  which i n ­
f luence the anchor capacity  sha l l  be described and discussed.

5.2 Test method.

5.2.1 Equipment and apparatus. A de ta i led  l i s t i n g  o f the equip­
ment a c tu a l l y  used f o r  the t e s t  shal l  be included in  the repor t .
The name, model number, and basic s p e c i f i c a t io n s  o f  each major 
piece sha l l  be l i s t e d .

5.2 .2  Procedure. The procedure a c tu a l l y  used f o r  the te s t  shal l  
be l i s t e d  in  de ta i led  steps.
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5.2.3 V a r ia t io n s . I f  the actual equipment or procedure varies 
from the requirements contained In th i s  procedure, each v a r ia ­
t i o n  and the reasons f o r  I t  sha l l  be noted. The e f fe c t  o f the 
v a r ia t io n  upon the t e s t  r e su l t s  shal l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equations used to  reduce
the data sha l l  be c le a r l y  presented and f u l l y  def ined. Any assump­
t io n s  Inherent In the equations or  l im i t a t i o n s  In t h e i r  a p p l i ­
ca t ions sha l l  be noted, and the e f fe c t  on the resu l ts  discussed.

5.3.2 S i t e - s p e c i f i c  In f luences .

5 .3 .2 .1  Assumptions. The degree to  which the actual In 
s i t u  cond i t ions  conform to  the assumptions contained In the 
data reduct ion equat ions sha l l  be discussed.

5 .3 .2 .2  Correct ion fa c to rs .  Any fac to rs  or methods appl ied 
t o  the data to  co r rec t  f o r  a nonideal s i t u a t i o n  shal l  be 
f u l l y  explained.

5.4 Resu l ts .

5.4.1 Anchor c a p a c i t i e s .

5 .4 .1 .1  A summary ta b le  l i s t i n g  the performance o f each 
anchor type In d i f f e r e n t  rock types sha l l  be presented.
The tab le  sha l l  Inc lude ,  as a minimum, rock type, average 
value o f the working capac i ty ,  range, and uncer ta in ty  o f  
the mean.

5 .4 .1 .2  A summary tab le  l i s t i n g  the performance of a l l  anchor 
types In each rock type sha l l  be presented. The tab le  shal l  
Inc lude, as a minimum, anchor type, average value of the 
working capac i ty ,  range, and uncer ta in ty  o f the mean.

5 .4 .1 .3  A summary ta b le  o f Ind iv idua l  resu l ts  fo r  each te s t  
In c lu d in g ,  as a minimum, t e s t  number, anchor type, rock 
type ,  working capac i ty ,  and u l t im a te  capacity shal l  be pre­
sented.

5.4.2 P o s t fa i l u re  behavior . Summary tab les  o f p o s t fa i lu re  
capac i t ies  s im i l a r  to  those of Section 5.4.1 shal l  be presented.

5.4.3 Graphic p resen ta t ions . Typical load -de f lec t ion  curves 
shal l  be presented as examples f o r  each rock and anchor type.

5.4.4 Other. The fo l lo w ing  o ther types o f analys is  or  presen­
ta t i o n  may be Included as appropria te.

5 .4 .4 .1  Histograms of re s u l t s .

5 .4 .4 .2  Comparison o f  r e su l t s  to  other rock su i tes ,  anchor 
types,  o r  previous stud ies.

5. 5 E r ro r  es t imate .

The re su l t s  sha l l  be analyzed using standard s t a t i s t i c a l  methods. 
A l l  u n ce r ta in t ie s  shal l  be ca lcu la ted using a 95% confidence I n ­
te rva l  .

H . 1 - 9



5.5.1 Measurement e r r o r . The e r ro r  associated w i th  a s ing le
te s t  sha l l  be evaluated. This includes the combined e f fe c t s  o f
a l l  t ransducers, power supp l ies ,  readout devices, e tc .

5.5.2 Sample v a r i a b i l i t y . For each s u i te  of rock types and 
anchor types, the mean working capac i ty ,  range, standard dev ia ­
t i o n  and 95% conf idence l i m i t s  f o r  the mean sha l l  be ca lcu la ted 
as a minimum. The u nce r ta in ty  o f  the su i te  sha l l  be compared 
w i th  the measurement unce r ta in ty  to  determine whether measurement 
e r r o r  or s u i t e  v a r i a b i l i t y  i s  the dominant fa c to r  in  the re s u l t s .

5.5.3 Group c o r r e l a t i o n . When appropr ia te ,  the means o f groups 
sha l l  be compared to  determine whether the observed d i f fe re nce  
between groups i s  s i g n i f i c a n t  a t the 95% conf idence le v e l .

5.6 Appended data.

5 .6.1 Data forms. Each completed t e s t  Form GT-H.1-1 sha l l  be 
included in  an appendix.

5.6.2 Data curves. The load vs. d e f le c t io n  curve f o r  each te s t  
sha l l  be included in  an appendix.

6.0 Q ua l i ty  Assurance

The fo l lo w ing  items are the minimum requirements to  ensure tha t  the 
t e s t  r e su l t s  are defendable and t raceab le .  I t  i s  not the i n te n t  of 
t h i s  sect ion to  es tab l ish  Q ua l i ty  Assurance procedures, but to  iden­
t i f y  those po in ts  during the t e s t  at which Qua l i ty  Assurance act ion 
i s  requi red.

6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  t e s t i n g ,  a l l  personnel sha l l  be p re qu a l i f ie d  as de­
scr ibed i n  Section 2.1.

6.2 Test insp e c t io n .

Qua l i t y  Assurance personnel sha l l  review the t e s t  setup, pro ­
cedure, and equipment performance v e r i f i c a t i o n .  A f te r  t e s t i n g ,  
the completed Form GT-H.1-1 sha l l  be reviewed and signed 
o f f  only i f  co r re c t .

6.3 Required documentation.

6 .3 .1  Equipment performance v e r i f i c a t i o n . Qua l i ty  Assurance 
sha l l  maintain complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6 .3 .2  Equipment se r ia l  numbers. Qua l i t y  Assurance shal l  v e r i f y  
th a t  se r ia l  numbers o f  a l l  equipment used in the te s t  are record­
ed on Form GT-H.1-1.

6 .3 .3  Test sign o f f s . Qua l i ty  Assurance sha l l  maintain signed- 
o f f  copies o f Form GT-H.1-1.
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Pg. 1

Rock Bo l t  Anchor Pul l  Test 
Test Data Sheet - Form GT-H.1-1

Pro jec t _____________________________  Rock Type

Feature Test No.

Test L o c a t io n _______________________  Or ien ta t ion

D a te ________________________________  Anchor Type

By ___________________________________ Test Depth

Set t ing  Torque

Equipment Date of Next
Descr ip t ion  Ser ia l  No. C a l ib ra t ion

Borehole Diameter 

Average

Pressure/ Def lec t ion
Time Load Readi ng Readi ng Net Def lec t ion

t o



Form GT-H.1-1 
Pg. 2

Pressure/ D e f lec t ion
Time Load Reading Readi ng Net Def lec t ion

Remarks:

Test S u p e rv is o r_____________________  Date

Qua l i ty  Assurance ___________________ Date

Pro ject E n g in e e r____________________  Date
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Procedure GT-H.2 

Rock Bol t  Long-Tenn Load Retent ion Test

1.0 Background
1.1 Scope.

1.1.1 Object ive o f t h i s  t e s t . The ob jec t ive  o f t h i s  t e s t  i s  to  
determine the t ime over which rock b o l t  tension decreases from 
the i n s t a l l e d  value to a designated minimum value. This t ime 
period i s  the in te rva l  during which the bo l t  must be encapsulated 
dur ing cons t ruc t ion .  The load on the b o l t  at  i n s t a l l a t i o n  can 
decrease over t ime due to  d e te r io ra t io n  of the borehole w a l l ,  
creep, and o ther  fa c to rs .

1.1.2 A p p l i ca b i1i t y . This procedure is  appl icab le  to  any anchor 
system which is  not f u l l y  encapsulated immediately upon i n s t a l l a ­
t i o n ,  inc lu d in g  mechanical, cement g rout ,  or epoxy res in  systems.

1.2 General d e sc r ip t io n  o f the t e s t .

A rock b o l t  i s  i n s t a l l e d  in  the same manner and in  the same ma­
t e r i a l  as i t s  intended cons t ruc t ion  use. The load on the bo l t
i s  monitored over a period o f  t ime, genera l ly  several weeks.

1.3 Data reduc t ion .

1.3.1 Terms and d e f i n i t i o n s .

1 .3 .1 .1  Load - the t o ta l  ax ia l  force on the rock b o l t .

1 .3 .1 .2  Design load - the load spec i f ied  f o r  the rock b o l t
during the l i f e  o f the p ro je c t .

1 .3 .1 .3  I n s t a l l a t i o n  load -  the load on the bo l t  immediately 
a f t e r  i n s t a l l a t i o n .

1 .3 .1 .4  Stand time - the t ime required fo r  the bo l t  load 
to  decrease from the i n s t a l l a t i o n  load to  the design load.

1.3.2 Eva lua t ion . The data i s  p lo t ted  as load vs. t ime. The 
stand time i s  determined g ra p h ic a l l y ,  as shown on Figure 1.1.

1.3.3 Factors in f lu e n c in g  the r e s u l t s . The local character­
i s t i c s  of the rock, such as roughness of the borehole and i n ­
duced f ra c tu re s ,  are s i g n i f i c a n t  fac to rs  in  the load loss charac­
t e r i s t i c s  o f  the b o l t .  To obta in  r e a l i s t i c  values, the te s t  
holes should be d r i l l e d  using the same methods as those used fo r  
the cons t ruc t ion  boreholes.

1.4 References.

1.4.1 ISRM Commission on Standardizat ion o f Laboratory and F ie ld  
Tests, 1974, "Suggested Method f o r  Monitor ing Rock Bolt  Tension 
Using Load C e l l s " ,  in  Suggested Methods f o r  Rock Bolt  Test ing.
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2.0 Prerequisites
2.1 Personnel p r e q u a l i f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing the 
Technicians and Test Superv isor,  sha l l  be fo rmal ly  p re qua l i f ied  
under the Qua l i ty  Assurance procedures establ ished as part  of  
the o ve ra l l  t e s t in g  program.

2.2 Equipment performance v e r i f i c a t i o n .

The compliance o f a l l  equipment and apparatus w ith  the p e r fo r ­
mance s p e c i f i c a t io n s  in  Sect ion 3.0 of t h i s  procedure shal l  be 
v e r i f i e d .  I f  no requirements are stated in  Section 3.0, the 
manufacturer 's s p e c i f ic a t io n s  f o r  the equipment shal l  be the re ­
quired leve l o f performance. Performance v e r i f i c a t i o n  i s  gen­
e r a l l y  done by c a l i b r a t i n g  the equipment and measurement systems. 
C a l ib ra t io n  and documentation sha l l  be accomplished according to  
standard Qual i t y  Assurance procedures.

2.3 Test ing program es tab l ished .

2.3.1 Tests in  d i f f e r e n t  rock types. Load re ten t ion  tes ts  should 
be conducted in  a l l  rock types where construc t ion bo lts  w i l l
be i n s t a l l e d .  I f  the rock is  a n iso t ro p ic ,  f o r  example, bedded 
or  sch is tose,  the te s ts  should be conducted in the same o r ie n ­
ta t io n s  r e la t i v e  to the anisotropy as the construc t ion bo l ts  w i l l  
be i n s t a l l e d .

2 .3 .2  Tests of d i f f e r e n t  anchor systems. D i f fe re n t  anchor sys­
tems may be tested in  the same rock type to determine the r e la ­
t i v e  long-term capac i t ies .  Several types o f mechanical shel l  
anchors, f o r  example, may be tested to  determine the most ap­
p ro p r ia te  design. Several lengths o f  epoxy grout ing may be 
tested to  determine requi red length f o r  a spec if ied  load. The 
r e la t i v e  performance o f  mechanical and grouted anchors may be 
evaluated.

2.3.3 Number of t e s t s . In each rock type, a t each o r ie n ta t io n ,  
and f o r  each anchor system, a s u f f i c i e n t  number of tes ts  should 
be conducted to  determine the average and minimum long-term capa­
c i t i e s  w i t h in  a f ixed  uncer ta in ty  band a t the 95% confidence 
le v e l .  The al lowable uncer ta in ty  band depends on the pro jec t  
and invo lves such fac to rs  as rock q u a l i t y ,  expected p ro jec t  l i f e ­
t ime, and importance o f  the areas to  be bolted. I t s  determina­
t i o n  w i l l  requ i re  considerable engineering judgment. As a rough 
g u id e l in e ,  a t  leas t  s ix  long-term te s ts  f o r  a s ing le  set of 
var iab les  have been found necessary to  s a t i s f y  the s t a t i s t i c a l  
requi rements.

2 .3 .4  Loads determined. The design load and i n s t a l l a t i o n  load 
o f the rock b o l t  system should be determined. The i n s t a l l a t i o n  
load i s  less  than the anchor capacity (see procedure GT-H.l,
"Rock Bo l t  Anchor Pull  T e s t " ) .  The design load is  less than the 
i n s t a l l a t i o n  load; the amount depends on rock propert ies and the
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minimum t ime required to  encapsulate the b o l t s .  A l t e r n a t i v e l y ,  
t h i s  t e s t  can be run fo r  a spec i f ied  t ime in te rv a l  based on con­
s t r u c t io n  requirements, and a r e a l i s t i c  design load can be 
determined from the data.

3.0 Equipment and apparatus

3.1 Load cel 1.

A load c e l l  sh a l l  be used to  measure the tension in  the rock 
b o l t .  The c e l l  may be of the mechanical, ph o to e la s t ic ,  hyd rau l ic ,  
rubber compression pad, or e le c t ro n ic  type; however, the l a t t e r  
i s  recommended. The c e l l  sha l l  have an accuracy o f  at leas t  
_+200 lb  (91 kg ) ,  inc lud ing  e r ro rs  introduced by the e x c i ta t io n
readout system, and a re so lu t io n  o f  at leas t  100 lb  (45 kg).

3.2 Anchor systems.

The anchors used f o r  t e s t i n g  sha l l  be from the manufacturer 's 
standard product ion stock. Mechanical anchors sha l l  be inspected 
to  ensure t h a t  no de fec t ive  anchors are tes ted .  Grout or epoxy 
res in  sha l l  be f resh (w i th in  the s h e l f  l i f e )  and obtained from 
unopened conta iners .

3.3 Rock b o l t  and accessor ies.

The rock b o l t  sha l l  be o f s u f f i c i e n t  diameter and strength  th a t  
i t s  e l a s t i c  range i s  not exceeded during the te s ts .  Standard
bearing p la te s ,  washers, e tc .  may be used as required to  a l ign
the load c e l l .  A spher ica l  bearing i s  des i rab le  on very un­
even surfaces.

3.4 D r i l l i n g  equipment.

As f a r  as poss ib le ,  the same type of d r i l l i n g  equipment and d r i l l  
b i t s  th a t  w i l l  be used f o r  i n s t a l l i n g  rock b o l t s  during the con­
s t r u c t i o n  phase o f  the p ro jec t  sha l l  be used to  d r i l l  the te s t  
holes.

3.5 Torque wrench.

I f  expandable she l l  mechanical anchors are used, a torque wrench 
sha l l  be used to  set them. The torque wrench may also be used 
to  load the b o l t s .  I t  sha l l  have a capacity  at leas t  80% greater  
than the manufacturer 's  recommended anchor s e t t in g  torque. I t  
sha l l  have an accuracy o f  a t le a s t  ^2% o f  the f u l l - s c a l e  reading 
and a re so lu t io n  o f at le a s t  1% o f  the f u l l - s c a l e  reading.

3.6 Hydraul ic  p u l l i n g  system.

A hyd rau l ic  ram and reac t ion  frame may be used to  tension the 
b o l t s .

3.7 Borehole diameter measuring gage.

A gage sha l l  be used to  measure the diameter o f the borehole at 
the anchor lo ca t io n .  I t  sha l l  have an accuracy o f at least  
+0.01 in .  (0.25 mm) and a reso lu t io n  o f at leas t  0.005 in .
XO.13 mm).
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4.0 Testing
4.1 D r i l l i n g  the t e s t  ho le .

The t e s t  hole sha l l  be d r i l l e d  using the same procedure tha t  
w i l l  be used during cons t ruc t ion .  The borehole shal l  be washed 
clean of a l 1 cu t t in g s .

4 .1 .1  Depth. The hole need not be as deep as the proposed length 
of the cons t ruc t ion  rock b o l t s .  I t  s h a l l ,  however, be deep enough 
to  set the anchor past the zone o f disturbance caused by the ex­
cavat ion. For mechanical she l l  anchors, the hole shal l  be d r i l l e d  
1 f t  (0.305 m) past the end o f the anchor. A hole approximately
6 f t  (1.83 m) in  length has genera l ly  been found to  be adequate.

4.1 .2  S t ra igh tness . The t e s t  hole shal l  be v i s u a l l y  inspected 
using a f l a s h l i g h t .  I f  more than one-ha l f  o f  the bottom o f  the 
hole cannot be seen, the hole i s  not s u f f i c i e n t l y  s t ra ig h t  fo r  
the t e s t  and sha l l  not be used.

4 .1 .3  Diameter measurement. The te s t  hole diameter shal l  be 
measured in  two perpendicu lar  d i re c t io n s  at the top and bottom 
of the anchor loca t ion  f o r  a t o ta l  o f  four measurements.

4 .1 .4  Locat ion . The t e s t  area sha l l  not be located in  a zone 
th a t  w i l l  be a f fec ted  by fu tu re  excavat ions, as rock response 
to s tress changes can produce load changes in  the b o l t .

4.2 Preparat ion of anchors.

Expansion s h e l l - t yp e  anchors o r  the por t ion  o f the grouted rock 
b o l t  to  be embedded in  the anchoring medium sha l l  be brushed 
f ree  o f d i r t  and rus t .  Grease or o i l  sha l l  be removed w ith  an 
appropr ia te  solvent i f  necessary.

4.3 Se t t ing  the anchor.

4.3.1 Mechanical anchors. The downhole end of the rock bo l t  
sha l l  be l i g h t l y  lub r ica te d  and the anchor screwed on. When in 
p o s i t io n ,  the bo l t  sha l l  be torqued to  the manufacturer 's recom­
mended leve l to  set the anchor. I f  t h i s  torque cannot be 
achieved because of anchor sl ippage due to shear f a i l u r e  in the 
rock, the maximum torque reading sha l l  be noted and subsequent 
anchors i n s t a l l e d  to  80% of t h i s  value. Anchors which s l i p  
sha l l  not be tested. In a l l  cases, any s l ip p ing  or other 
anomalous behavior sha l l  be recorded on Form GT-H.2-1.

4 .3 .2  Grout o r  epoxy res in  anchors. Grout or epoxy anchors 
sha l l  be i n s ta l l e d  according to  manufacturer 's recommendations.

4.4 Loading the b o l t .

4 .4 .1  Method. The torque wrench is  recommended f o r  tension ing 
the b o l t .  A l t e r n a t i v e l y ,  the hydrau l ic  p u l l i n g  system may be 
used to  apply load.

4 .4 .2  Load l e v e l . The b o l t  shal l  be tensioned u n t i l  the load 
c e l l  ind ica tes  tha t  the i n s t a l l a t i o n  load has been achieved.
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4.5 Reading I n t e r v a l s .

The load on the b o l t  sha l l  be monitored at leas t  twice d a i l y  
f o r  a period of 2 weeks a f t e r  i n s t a l l a t i o n ,  and once d a i l y  th e re ­
a f t e r .  Bo l ts  in  ra p id ly  y i e l d i n g  materia l  may require  more f r e ­
quent readings.

4.6 Data record ing.

The data shown on Form GT-H.2-1 sha l l  be recorded as a minimum 
f o r  the t e s t .

5.0 Reporting

The purpose o f  t h i s  sect ion i s  to  es tab l ish  the minimum requirements 
f o r  a complete and usable repor t .  Fur ther  d e ta i l s  may be added as 
approp r ia te ,  and the order  o f  items may be changed i f  necessary. 
App l ica t ions  o f  the t e s t  r e s u l t s  are beyond the scope o f t h i s  pro­
cedure, but may be an in te g ra l  pa r t  of  some te s t i n g  programs. In 
t h a t  case, an app l ica t ions  sect ion compatible w i th  the format de­
scribed below should be included.

5.1 In t roduc to ry  sect ion o f  the re p o r t .

The in t ro du c to ry  sect ion i s  intended to  present the scope and 
purpose o f the te s t in g  program, and the ch a ra c te r is t ie s  o f the 
mater ia ls  tes ted .

5.1.1 Scope of t e s t i n g  program.

5 .1 .1 .1  Number o f  anchors and rock types tes ted. In a 
large repor t  covering the re su l t s  o f  te s ts  in several rock 
types w i th  several anchor types, the t e s t  matr ix  i s  best 
presented in  a ta b u la r  form.

5 .1 .1 .2  Rat ionale f o r  t e s t  se lec t ion .  The reasons fo r  the 
number, lo ca t io n s ,  and types o f  anchors tested sha l l  be 
c l e a r l y  s tated.

5 .1 .1 .3  L im i ta t io n s  o f  the te s t in g  program. The areas of 
i n t e r e s t  which are not covered by the te s t in g  program and 
the l im i t a t i o n s  o f  the data w i t h in  the areas of app l ica t io n  
sha l l  be discussed in  general terms.

5 .1.2 B r i e f  d e sc r ip t io n  o f the t e s t  l o c a t io n s . The rock type, 
major s t ru c tu re s ,  weathering, and any o ther  fac to rs  which i n ­
f luence the anchor capaci ty  sha l l  be described and discussed.

5.2 Test method.

5.2.1 Equipment and apparatus. A de ta i led  l i s t i n g  of the equip­
ment a c tu a l l y  used f o r  the t e s t  sha l l  be included in  the repor t .  
The name, model number, and basic sp e c i f i c a t io n s  of each major 
piece sh a l1 be l i  sted.

5.2 .2  Procedure. The procedure a c tu a l l y  used fo r  the te s t  shal l  
be l i s t e d  in  de ta i led  steps.

H.2-6



5.2.3 V a r ia t io n s . I f  the actual equipment or procedure varies 
from the requirements contained in  t h i s  procedure, each v a r ia ­
t i o n  and the reasons f o r  i t  sha l l  be noted. The e f fe c t  o f  the 
v a r ia t io n  upon the te s t  re su l ts  sha l l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equat ions used to  reduce 
the data sha l l  be c le a r l y  presented and f u l l y  def ined. Any 
assumptions inherent in  the equat ions or  l im i ta t i o n s  in  t h e i r  
app l ica t ions  sha l l  be noted, and the e f fe c t  on the resu l ts  d i s ­
cussed.

5.3.2 S i t e - s p e c i f i c  in f luences .

5 . 3 . 2 . 1 Assumptions. The degree to which the actual in  s i tu  
cond i t ions  conform to  the assumptions contained in  the data 
reduct ion equat ions sha l l  be discussed.

5 .3 .2 .2  Correct ion fa c to rs .  Any fac to rs  or methods appl ied 
to  the data to  co r rec t  f o r  a nonideal s i tu a t io n  shal l  be 
f u l l y  expla ined.

5.4 Resul ts .

5.4.1 Long-term anchor c a p a c i t i e s .

5 .4 .1 .1  A summary ta b le  l i s t i n g  the performance of each 
anchor type in  d i f f e r e n t  rock types sha l l  be presented.
The tab le  sha l l  inc lude,  as a minimum, rock type, average 
value o f the stand t ime, range, and uncer ta in ty  o f the mean.

5 .4 .1 .2  A summary tab le  l i s t i n g  the performance of a l l  
anchor types in  each rock type shal l  be presented. The 
tab le  sha l l  inc lude,  as a minimum, anchor type, average 
value of the stand t ime, range, and uncer ta in ty  o f the mean.

5 .4 .1 .3  A summary tab le  of ind iv idua l  resu l ts  f o r  each te s t  
sha l l  be presented, in c lu d in g ,  as a minimum, t e s t  number, 
anchor type ,  rock type, and stand t ime.

5.4.2 Graphic p resen ta t ions . Typical load vs. time curves shal l  
be presented as examples fo r  each rock and anchor type.

5.4.3 Other. The fo l lo w ing  o ther  types o f  analysis o r  presentat ion 
may be included as appropr ia te.

5 .4 .3 .1  Histograms o f  re su l t s .

5 .4 .3 .2  Comparison of re su l ts  to  other rock su i tes ,  anchor 
types, o r  previous stud ies.

5.5 Er ro r  es t imate .

The re su l t s  sha l l  be analyzed using standardized s t a t i s t i c a l  
methods. A l l  u n ce r ta in t ie s  sha l l  be ca lcu la ted using a 95% 
confidence in t e r v a l .

5.5.1 Measurement e r r o r . The e r ro r  associated with  a single  
t e s t  sha l l  be evaluated. This includes the combined e f fe c ts  of 
a l l  t ransducers, power supp l ies ,  readout devices, etc .
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5.5.2 Sample v a r i a b i l i t y . For each su i te  o f  rock types and 
anchor types, the mean stand t ime, range, standard dev ia t ion  and 
95% conf idence l i m i t s  f o r  the mean sha l l  be ca lcu la ted as a m in i ­
mum. The unce r ta in ty  o f  the s u i te  sha l l  be compared w ith  the 
measurement uncer ta in ty  to  determine whether measurement e r r o r
or  s u i te  v a r i a b i l i t y  i s  the dominant fa c to r  in  the resu l ts .

5 .5.3 Group c o r r e l a t i o n . When appropr ia te ,  the means o f  groups 
sha l l  be compared to  determine whether the observed d i f fe rence  
between groups i s  s i g n i f i c a n t  a t the 95% conf idence leve l .

5.6 Appended data .

5.6.1 Data forms. Each completed t e s t  Form GT-H.2-1 sha l l  be
included in  an appendix.

5 .6 .2  Data curves. The load vs. t ime curve fo r  each te s t  sha l l
be included in  an appendix.

6.0 Qua l i ty  Assurance

The fo l low ing  i tems are the minimum requirements to  ensure th a t  the 
t e s t  re su l ts  are defendable and t raceab le .  I t  i s  not the in te n t  of 
t h i s  sect ion to  e s ta b l i sh  Qua l i ty  Assurance procedures, but to  i d e n t i f y  
those po in ts  dur ing the t e s t  a t which Qua l i ty  Assurance act ion i r  re ­
qui red.

6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  t e s t i n g ,  a l l  personnel sha l l  be p re q u a l i f ie d  as described 
in  Section 2.1.

6.2 Test insp e c t io n .

Qua l i ty  Assurance personnel sha l l  review the te s t  setup, proce­
dure, and equipment performance v e r i f i c a t i o n .  A f t e r  te s t i n g ,  
the completed Form GT-H.2-1 sha l l  be reviewed, and signed o f f  
only i f  c o r re c t .

6.3 Required documentation.

6.3 .1  Equipment performance v e r i f i c a t i o n . Qua l i ty  Assurance 
sha l l  mainta in  complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6 .3 .2  Equipment se r ia l  numbers. Qual i t y  Assurance shal l  v e r i f y  
th a t  se r ia l  numbers o f a l l  equipment used in  the t e s t  are 
recorded on Form GT-H.2-1.

6 .3 .3  Test s i g n - o f f s . Qua l i ty  Assurance sha l l  maintain signed- 
o f f  copies of Form GT-H.2-1.
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Procedure GT-H.3 

Prop Load Cel 1 Tests

1.0 Background

1.1 Scope.

1.1.1 Object ive o f t h i s  t e s t . The ob jec t ive  o f t h i s  te s t  i s  to 
monitor the load on stee l arch or s im i l a r  types of supports f o r  
an underground s t ru c tu re  over t ime, using load c e l l s  in s ta l l e d  
in  the supports.

1.2 General d e sc r ip t io n  o f the t e s t .

Load c e l l s  are i n s t a l l e d  in  several adjacent underground supports
so th a t  the load on these supports may be accurate ly  determined.
Load i s  monitored as the working face is  advanced beyond the 
immediate zone o f the supports.

1.3 Data reduc t ion .

1.3.1 Terms and d e f i n i t i o n s

1 .3 .1 .1  Load - the to ta l  force act ing on the par t  o f  the 
support being monitored.

1 .3 .2  I n te r p r e t a t i o n . Data i s  genera l ly  p lo t ted  as load vs. t ime.
A t y p ic a l  curve is  shown on Figure 1.1. The pos i t ion  of the
working face is  also shown. The re la t io n sh ip  o f  these curves 
provides in fo rmat ion  about the behavior o f  the rock and the 
e f fec t iveness  o f  the support system.

1.4 References.

1.4.1 U.S. Army Corps o f  Engineers, 1980, Test Standard RTH 305-80, 
"Load C e l l s " ,  Rock Test ing Handbook, Geotechnical Laboratory, 
Waterways Experiment S ta t io n ,  Vicksburg, M iss iss ipp i .

2.0 P re requ is i tes

2.1 Personnel prequal i  f i c a t i o n .

A l l  personnel involved in  performing the t e s t ,  inc lud ing  the 
Technicians and Test Superv isor,  sha l l  be fo rmal ly  p requa l i f ied  
under the Qua l i ty  Assurance procedures establ ished as part of  
the ove ra l l  t e s t in g  program.

2.2 Equipment performance v e r i f i c a t i o n .

The compliance o f a l l  equipment and apparatus with  performance 
s p e c i f i c a t io n s  in  Sect ion 3.0 o f  t h i s  procedure shal l  be v e r i f i e d .
I f  no requirements are stated in  Section 3.0, the manufacturer 's 
s p e c i f i c a t io n s  f o r  the equipment shal l  be the required level of 
performance. Performance v e r i f i c a t i o n  is  genera l ly  done by 
c a l i b r a t i n g  the equipment and measurement systems. C a l ib ra t ion  
and documentation shal l  be accomplished according to standard 
Qua l i t y  Assurance procedures.
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2.3 Testing program establ ished.
2.3.1 Test sect ions 1n d i f f e r e n t  rock types. A te s t  sect ion o f 
several adjacent supports should be in s ta l l e d  in  each rock type 
where th a t  support is  proposed f o r  use.

2.3.2 Type o f support. Each proposed type o f  support should be 
tes ted to  evaluate i t s  performance.

3.0 Equipment and apparatus

3.1 Load cel I s .

The load c e l l s  may be o f  any type, inc lud ing  mechanical, h yd rau l ic ,  
p h o to e la s t i c ,  or e le c t r o n i c ,  w i th  e i t h e r  bonded resistance s t ra in  
gages o r  v ib ra t in g  w ire  transducers. E lec t ron ic  load c e l l s  are 
recommended because o f t h e i r  s e n s i t i v i t y  and s t a b i l i t y .  The 
re so lu t io n  of the load c e l l  depends on the expected load, but sha l l  
be at le a s t  0.5% o f  the working capacity o f  tha t  section o f  the 
support where the c e l l  w i l l  be used. Likewise, the accuracy shal l  
be at leas t  j^l% o f  the working capaci ty .  The ce l l s  shal l  be free 
from noncharacter izab le  long-term d r i f t  o f  more than 1% of the 
working capacity  o f  th a t  sect ion of the support where they are 
i n s t a l l e d .  The c e l l s  sha l l  be o f s u f f i c i e n t  capacity to remain in 
the l i n e a r  p o r t ion  of t h e i r  range to  at leas t  110% o f  the u l t im a te  
capacity o f  tha t  sect ion o f  the support where they w i l l  be used.
I f  b la s t in g  i s  used f o r  excavat ion, the c e l l s  shal l  be sturdy 
enough to  withstand the shock.

3.2 Readout equipment.

The type o f readout equipment depends on the kind of load c e l l  used. 
The e f fe c t s  o f  the readout equipment shal l  be included in the per­
formance requirements o f  Section 3.1.

4.0 Testing

4.1 Locat ion

The instrumented t e s t  sect ion sha l l  cons is t  o f at leas t  f i ve  
supports. In order to monitor  the e n t i r e  load h is to ry  of the 
supports,  these sha l l  be located as close to  the working face as 
poss ib le  and sha l l  be i n s ta l l e d  as soon a f t e r  excavat ion as pos­
s ib le .  In each support,  load c e l l s  shal l  be i n s ta l le d  at loca t ions  
th a t  w i l l  monitor  the load in  a known and complete way. For 
example, i n  steel arch supports,  load c e l l s  are recommended under 
each leg and in  the crown. For r ing  supports, load ce l l s  are 
recommended a t 90 in te r v a ls  around the periphery. These locat ions 
are shown on Figure 4.1.

4.2 I n s t a l l a t i o n .

4 .2 .1  Surface p repara t ion . The surfaces of the load c e l l s  and 
the supports shal l  be free from d i r t ,  ru s t ,  grease and other 
fo re ign mater ia ls  where they w i l l  be in contact .  The surface of 
the support sha l l  conform to  the shape of the load c e l l .
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4.2.2 Al ignment. The load c e l l s  shal l  be c a re fu l l y  i n s ta l l e d  
so th a t  the center of the c e l l  i s  al igned w ith  the axis of th ru s t  
in  the support member. Cel ls  may be bolted or welded in  place 
i f  necessary, p rov id ing  such attachment does not reduce the load 
transmit ted  through the c e l l .

4.3 P ro te c t io n .

I f  b la s t in g  i s  used f o r  excavat ion, the load c e l l s  and readout 
cables ( i f  any) sha l l  be protected from f l y i n g  rock. Steel p la tes ,  
p ro te c t ive  condui ts ,  wooden b a r r ie r s ,  e tc .  are acceptable.

4.4 M on i to r ing .

4.4.1 Reading frequency. The frequency o f  load c e l l  readings 
depends on how ra p id ly  the load i s  t rans fe r red  to the support 
a f t e r  excavat ion. I n i t i a l l y ,  readings should be taken at leas t  
twice each working s h i f t .  Readings may be taken less f requent ly  
as the ra te  of load change diminishes.

4 .4 .2  Dura t ion . Readings sha l l  be taken u n t i l  the load becomes 
constant w i t h in  the l im i t a t i o n s  o f  the c e l l  and readout system 
over a period of at leas t  7 days.

4.5 Data record ing requi rments.

The data as shown on Form GT-H.3-1 shal l  be recorded as a 
minimum.

5.0 Reporting

The purpose o f t h i s  sect ion i s  to  es tab l ish  the minimum requirements 
f o r  a complete and usable repor t .  Further d e ta i l s  may be added as 
appropr ia te ,  and the order  o f  items may be changed i f  necessary. The 
ana lys is  o f load c e l l  data i s  beyond the scope of the procedure, but 
i f  an analys is  i s  inc luded, i t  should be complete and consistent with  
v.he other  sect ions o f  t h i s  procedure.

5.1 In t roduc to ry  sect ion o f  the re p o r t .

The in t ro du c to ry  sect ion i s  intended to  present the scope and 
purpose o f the te s t in g  program, and the cha rac te r is t ies  of the 
mater ia ls  tes ted.

5.1.1 Scope of te s t in g  program.

5 .1 .1 .1  Locat ion, rock type, and support type. The loca t ion  
of the t e s t  sect ions,  the type of rock, and the type of 
support sha l l  be presented. In a la rge r  report  covering the 
re s u l t s  of several types o f  supports or rock, the te s t  
matr ix  i s  best presented in  a tabu la r  form.

5 .1 .1 .2  Rationale f o r  t e s t  se lec t ion .  The reasons f o r  the 
number and loca t ions  o f  the te s t  sect ions shal l  be c le a r ly  
s tated.

5 .1 .1 .3  L im i ta t io n s  o f the te s t in g  program. The areas o f 
i n t e r e s t  which are not covered by the te s t in g  program and 
the l im i t a t i o n s  o f  the data w i th in  the areas of app l ica ­
t i o n  sha l l  be discussed in  general terms.
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5.1.2 B r i e f  d e s c r ip t io n  o f  the t e s t  s i t e  geology. The rock type 
sha l l  be described macroscopical ly .  S t ruc tu ra l  features a f fe c t in g  
the load c e l l  t e s t i n g  sha l l  be discussed as appropria te.

5.2 Test method.

5.2.1 Equipment and apparatus. A d e ta i le d  l i s t i n g  of the equip­
ment a c tu a l l y  used f o r  the te s t  sha l l  be included in  the repor t .  
The name, model number, and basic s p e c i f i c a t io n s  o f  each major 
piece sha l l  be l i s t e d .

5 .2 .2  Procedure. The procedure a c tu a l l y  used f o r  the te s t  sha l l  
be l i  sted in  de ta i led  steps.

5 .2 .3  V a r ia t io n s . I f  the actual equipment or procedure var ies 
from the requirements contained in  t h i s  procedure, each v a r ia t io n  
and the reasons f o r  i t  sha l l  be noted. The e f fe c t  o f the v a r ia ­
t i o n  upon the t e s t  r e su l t s  sha l l  be discussed.

5.3 Theoret ica l  background.

5.3.1 Data reduct ion equat ions. A l l  equat ions used to  reduce 
the data sha l l  be c le a r l y  presented and f u l l y  def ined. Any 
assumptions inherent in  the equat ions and l im i t a t i o n s  in  t h e i r  
ap p l ica t io n s  sha l l  be noted and the e f f e c t  on the resu l ts
di scussed.

5.3.2 S i t e - s p e c i f i c  in f luences .

5 .3 .2 .1  Assumptions. The degree to  which the actual s i t e  
cond i t ions  conform to  the assumptions contained in  the data 
reduct ion  equat ions sha l l  be discussed.

5 .3 .2 .2  Correct ion fa c to rs .  Any fa c to rs  or  methods appl ied 
to  the data to co r rec t  f o r  a nonideal s i t u a t i o n  shal l  be
f u l l y  expla ined.

5.4 Resu l ts .

5.4.1 Graphic p resen ta t ion . A load vs. t ime curve s im i la r  to 
Tigure 1.1 sha l l  be presented f o r  each load c e l l .

5 .4.2 Data. A complete l i s t i n g  o f load and time data shal l  be 
included in  the repor t .  This may be attached as an appendix.
5.5 Measurement e r r o r .

The e r r o r  associated w ith  a s ing le  te s t  sha l l  be evaluated at 
the 95% conf idence le v e l .  This includes the combined e f fe c ts  
of a l l  t ransducers, power suppl ies , readout devices, e tc .

6.0 Qua l i ty  Assurance.

The fo l low ing  items are the minimum requirements to  ensure tha t  the 
t e s t  re su l ts  are defendable and t raceab le .  I t  is  not the in te n t  of 
t h i s  sect ion to  e s ta b l i sh  Qua l i ty  Assurance procedures, but to 
i d e n t i f y  those po in ts  dur ing the t e s t  where Qua l i ty  Assurance 
ac t ion  i s  required.
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6.1 Personnel p r e q u a l i f i c a t i o n .

P r io r  to  t e s t i n g ,  a l l  personnel sha l l  be p requa l i f ied  as described 
in  Section 2.1.

6.2 Test in sp e c t io n .

Qua l i ty  Assurance personnel sha l l  review the te s t  setup, the pro­
cedure, and the equipment performance v e r i f i c a t i o n .  A f te r  
t e s t i n g ,  the completed Form GT-H.3-1 sha l l  be reviewed and signed 
o f f  only i f  co r rec t .

6.3 Required documentation.

6 .3 .1  Equipment performance v e r i f i c a t i o n . Qual i ty Assurance 
sha l l  maintain complete c a l i b r a t i o n  records and c e r t i f i c a t e s .

6.3.2 Equipment se r ia l  numbers. Qual i ty  Assurance shal l  v e r i f y  
th a t  se r ia l  numbers o f  a l l  equipment used in  the te s t  are recorded 
on Form GT-H.3-1.

6.3.3 Test s i g n - o f f s . Qual i t y  Assurance sha l l  maintain signed- 
o f f  copies o f Form GT-H. 3-1.
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