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ABSTRACT 

The theory upon which 'conventional water pressure tests are 
based is critically examined and the differences between the 
theory and practical applications are identified. A aeries 
of three-dimenaional water pressure tests are initiated 
usina equipment doaian to minimise the errors in 
interpretation of field data. The teats are beina carried 
out at I silo in the U.(. to determine the principal 
per•eab!litiea of a discontinuoua rock •••a. A succesoful 
interpretation of the teata relies on an accurate knowledge 
of the continuity, oriontation, apacina and aperture of the 
discontinuities in addition to the initial hydroloaic 
condltiona. The Borehole ll!1preaalon Packer Probe developed 
at Imperial Colleao is u•ed to characterise the fractures. 
A hydraulic probe is heina developed to carry out pumpin' 
testa and the paper shows bow the combined use of the two 
proboa will lead to better estimates of permeability. 

INTRODUCTION 

The prediction of groundwater flows in a fractured rock mass 
and tho ••••••••nt of their snbaoquont effect on mining 
operations depends on adequate goohydrologic 
characterisation of the rock aaas. 

The cbaractoriatica of a site in terms of its potential for 
the tranaport of flnida requires an understanding of tho 
total aoologic ayotem •• well as tb~ determination of 
initial piezoaetric conditions and the permeability, 
effective porosity and atorss• coefficient of the rocl m•••· 
For these purpotee, qualitative and quantitative 
description• aro required of the rocl mas• throuah whioh 
flow •ay occ.,r. It Ia i .. portant to define ond del inooto che 
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major dimenaions of tho aeolo&ic units t.nd to describe the 
fracture systems io terms of their spacin1s. orientations. 
apertures and contlnultlos. Such studies lead to • 
qualttativ~ understandin& of whether or not the system 
behavea as a porous continuum or as 1 fractured diacontinuum: 
lt also holpa to guide the detailed detor•ination of tho 
lnaitu hydraulic parameters. In general. flow Is said to 
occur in a porous medina if the fluid tranaport occurs 
predominantly in the rock aatris or if, at the scale of tb~ 

proble• considered, tho fractures are sufficiently nuDtercnt 
and unlforaly dlotr!butod •• to lead to the same effect. 

The a•o•etrical ability of the medium to conduct fluids Ia 
termed Ita por•eablllty. Hydraulic conductiv;ty refero 
specifically to water under certain conditions and relates 
tho woter velocity to the ••latins prosoure sradients. T-ho 
permeability doponds on the dearee of heterogeneity and 
anl•otropy of the ,eologic medium ond on the fluid 
properties. It is therefore imperative that fracture> 
frequency, orientation, continuity and aperture be measured 
and corr•ctly used in the interpretation of pormoabil ity 
tests in rook. This Paper doacribea the concepts and 
equipment being u••d by the authors in tho current 
development of a national approach to the three-dimensional 
water preaaure teating· in fractured rock. 

ROCI MASS PERMEABILITY 

Fluid flow in geoloalc media is senerated by 
gradient•. These are generally assumed to obey 
relationship alven by D5rcy'o law: 

where v 1 is th~ flow velocity vector. 

kij is tho p<raoabllity tensor, 

and Ij io tho hydraulic aradiont. 

hydrou!ic 
the oimplo 

•. • (I) 

Sev~ral attempta have been made to provide a theor~tice~ 

b••i• for thio linear relationship (••• for example, E••=, 
Ill but ito justification is mainly empirical. The !&w 
certainly asauaea laainar flow and, in order to be 
J.pplic:able, it must be used for volume• of rock which 
include a sufficiently large number of fractures and/or 
intorconnoctod voids. A simple way of illustrating this 
effect is to concider the flow from a section of a borehole 
be tween pt.ckers into an ideal fracture system (Fia. 1). A :a 
the lenath of the te1t section is increased, the flow per 
unit length fluctuates and eventually stabilises beyond a 
c e r t a In I en 3th ! 2] • Th • imp I l c • t I an I s that, 1 f the con t r o 1 
volume is smaller then a C1'itical value, a continuum 
•pproacb will not hold and dn• account must be taken of tho 
individual fractures. Two different concepts of groundwater 
flow then aria6: the continuum and the discrete models. 

IMWA Proceedings 1982 A | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



In tho discrete approach, the flow Is considered to occur in 
a 1eriea of intgrconnected channel& between parallel plates. 
Under certain conditions, the flow between two parallel 
plates hat beea. shown to approxi•ate rt-asonably well that 
occnrrina in individual fracture• in rock (Louis [3]). 

However, in many cases flow will occur only partlolly 1n 

frootureo and will follow a tortuou• route [2, 4]. 

The permeability of an equivalent porous medium can be 
related to the aperture and spocin& of a p&rallel sot of 
roaul•rly opaced fractures by the equation [3]. 

k -
llvA 

where k Is the perr.eablllty of porous medina in any 
direction parallel to tho fracture•, 

1 is the acceleration due to aravity, 
e ia the fracture aperture, 
v Is the klnoa•tic viscosity of water ~t aabient 

teaperature aad pressure, 
ond A is thm fracture apacln1. 

... ( l ~ 

In a ally probleaa ie eryotalline rock, aronlldwater flow ! 1 

controlled priaarlly by a few fraotarea. Per eaaaplo, ihlni 
aad Hockin& [5] showed that the flGw ill 1011• of porou• 
aedil•• with a permeability l0-7 a/oec collld be carried itt a 
alll&l• fracture with aa avoraae aperturG of 0.0002a. Tho 
•iffereaee In the vel~city of a fluid particle io a fracture 
coapare• to that iD &ll eqaivalo~t pornaa aedlua is aloe 
iaportaat. Particle Yalocltieo in paroeo &ad fraeturcd 
aedla for the •••e flow ara relate<! by t"c equation: 

v f -
~!!~~ 

e ... iJ) 

where Vf ia the velocity ill the frootare, 

••• :. ~·. ~kl:. ·:/,·:::r.!·p:!::~·t",t·::::\::~:·.·t aed i ••, 
t 0 f 1 "" 

tbroaah t•e peroua .. 4iaa. 

•- e.uHa!ple, fer a p<>r-e ao<di ... of p•r-aloility 16-1•/oec 
aa<l aa effective flow poreaity of ILlS, t•• •. ,ertare o an 
equlYaleat aiasl• fiaanre Ia foulld •• 1x16- • aaiac •he 
eloov• ••-tio••· h•o•, the flow velooity ia tlae fiauHed 
aodl•• ia P48·0 tia.ea aroatar thaa that la the oqat•eloat 
per••• ..,...·t•• i.f ~'* al6 .. ti•e fT·u:t•r• 9<t·-•ity is eoe-p•toi! 
oa •o. of tloe fiaeaze ap.elL'tare. 

The discrete flow approach Ia theoretically very attractivo 
for fractur~-doaiaated flows becau•e It maot reae•bleo tho 
actual §ituation in the fi•lde Po~ever, caorwoua practical 
diffiooltles aEe encountered In II& application oince It 
roqu!roo oitu--•p~cific <lata on frt<tlllre opacil!~, 
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orientation, aperture, continuity and fillins materiaL At 
present such infor•ation ia very difficult to obtain, 
particularly as regards the connectivity, persiatence and 
apertures of fractures. 

Theoretical and field studies are currently addressing this 
problem. The obvious approach is to identify representative 
volumes of the rock mala and perform numerous groundwater 
teats thus obtainina measured site-specific data on 
aroundwater response. This approach ia si•ple in that it 
avoids the aeasurement of fracture spacins. orientation. 
aperture, continuity and connectivity but it is time 
con~aaing and expensive. Another approach is to apply 
statistics/probability theory to structural aeological data 
measured at rock expo1ures within tho rock 11.111 under 
consideration and to u1e the results to predict values for 
the unknown parameters. [6, 7, BJ~ Thes~ values cen then be 
used to calculate the theoretical values of the hydraulic 
ch2racteriatics of the rock mass. It is necessary to dectd~ 

on the relative merits of the results obtained noinB the 
synthesised observation of aeological structure as compared 
with the direct aeaaureaent approach. 

Matheaatical equivalences of porona and discrete flowa &re 
•lso beina studied [9 - 11]. All of these studies are 
important for prediction calculations and for establlshins 
the correct framework for field testin&. 

Borehole or shaft teats for hydraulic parameters measure tho 
:response of the groundwater system to a pressure 
porturbotion caused by the injection or withdrawal of water, 
Apart fro11 tho knowledse of the 1eometry of the rock, the 
te1t lODit include aeaaure•enta of the initial and induced 
preoaurea. •• well as tbe flow ratoa, By uoe of otdtable 
ocalina laws and oqnotions it is then poaolble to determine 
diroctional vain•• of permeability. Effective porosity, 
boing a geometrical property, I• very difficult to meooure' 
its measurement can be attempted by tracer tests but, ift 
p:c&ctice. calculations try to avoid ita explicit appearance 
by uzing for•ulatioua which involve a response 'constant' 
{p~rmeabiiity) rather than the geometrical property~ 

WATER PRESSURE TESTING 

The thre~-dimensional water pressure teat considered by the 
author• to be most oppropriate for jointed rock is aiailar 
to the widely used Lugeon test except th&t important factors 
relatin& to the structure of the medium •re tek~n into 
account when planning the test. A• shown In Fiz. 2, tho 
Lugtton tast relies on an infl1teble packer sy1tem. A 
horizon con bo isolated by lowering a tube to the desired 
l•v•l and inflating tho paci.er. Fluid io injected under 
pressure and the flow rate is noted after a steady state is 
reached. The pressure aeil.snred in an adjacent hole is then 
related to the continuum per•eability by the formula [4]. 
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ln 1 r. 
Q • ------- (Po - Pl) 

Ioa,<r 1 tr1 l 

Where Q Ia tho flow rate 
1 lo tho toot oectioa lenath, 
1

0 
ia the contiauua peraeabllity, 

r 0 ta the radiaa of the bor•hole, 
r 1 io th• dlota~<o botw•en tho two holeo, 
P1 !o the praoauoa at a diotance <t• 

aad P
0 

Ia the proeonro at borobolo. 

... (4) 

If the borohole i• perpeadicnlar to s fracture aystea with a 
aeaa aperture of o aad N fracture• are included Ia tho teat 
section th®n [2] 

h eN lj 
Q - ------------

loa.<r 1 /r 0 ) ••• ( s) 

io the joiet peruoability or coadnctlvity. 

Loai• and •ainl {21) a•v• the detail• of t•otlna aad 
peraeabillty evaluati<>a for aon-orthoaoaal joiat oeto. lly 
carryins ovt a oerieo of teoto for ditfersnt preo11ues, it 
i1 poooible to obtain'a P-Q curve: the •••n 1!: and l cau 
the a 1> e o a 1 c •1 a t e cl f or a a on o ,, f i " f 1 v en c 1 r e p

1
r e • • "t 'fl. by 

"1. 
The Lu1eon teat hao beea uoetl <>ltteco!vel:r for detoraitlil'll 
rock aaa• perme&~ilitiea for the laat fifty year•. Ita 
aucce•• depend• vGry laraely oa the care with which the test 
ia plaaaell aDd cxccatecl. Ia carryiaa oat tho teat, the 
followiac potato shonlcl ~~ carcfally aotecl [2, J]: 

(i) Ttu teet aeetloa ea.oal'll lte sal"fici•atly loua to 
acoo,..t -rro.ctly f•rr seale eff .... t 1. 

( i il Bzoesa fl•id Jlre•••re •ll•·•ld lte as low a a poa at lole 
(certaialy 1••• thaa the overb•r•ha preeaare) to aYoid 
proppiaa open tlu fraotu.:••· 

(iii) If poootble, all preaoure aad flow •••••~•••at• 
should be takeB do~ahcl•: this •iaiaioee orroro ia 
calculatiaa preosDra lo•••• aad loak•z• past pack•~•. 

(iv) The borehole• ohould ideally be orthoaoaal to the 
aaia fractur• oyot••· Slloalcl this be clifficclt, thea a 
parallel teot (source aad sl~k in a siD&l• loorebulc) becoaci 
•••••tial. 

The 11aia lial.tatl"" of thia t~•t tt that, •• tho 
peraeability 4eoreaaeo, the prolllaao of aeaouria1 flow sad 
the cl•retioa of t~at iacroaoe. Tloi• li•d.to the 
applicability of the teat to po~u~~bilitieo areater thaa 
about 10- 8 ~•/aeo, 
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It is oqually posaiblo to iapleaent tho philooophy of 
coaetant-preaanre toots in openlna• other ~bon borehole•. 
•uch •• obafta, aallori•a or tunnels. The odvu;taaea ari •• 
froa the lsraer d!aaeter and test lonath of tho cavity. Tho 
aoot co••on sallery-type of test i• carried out by sealina 
several hundred aetres of sallery and obaerving the looka§o 
ratoa and pie•oaetric conditions [14, IS]. Soch lara• •••l• 
toott can lead to valu•• of alobal peraoobility [15) and ••~ 
pro1'i!h indioat!oao of tho iapoztant, confiDiaa effects of 
faulto [4). 

Often when Luseon-type pressure te•t• are carried out, •o•• 
of the above •antioued aaidllinea ore iauored or ai•ply 
cauuot be adhered to (e.a. downhole pressure and flo., 
., e a 1 u r e • en t). Til i 1, to 1 e the r w i t h the fact t h ~ t pie 1 o a e t r i o 
aonitorina is usDally only perforaed durins lara• •cale 
aqaifer pu•piua testo, ofton aive very •i•leadina values for 
the inaitu hydraulic paraaetera. 

The aeries of teat• beina carried oat by the authora hsvo 
atteapted to overco•• theae probleaa. Tho eaoeDtial feataro 
of the approach beina aa&d io the concept of aaltlple packer 
teotina [2 - 4] which can overcoae aany of tile difficultioo 
associated with the Luaeon teat. Tho eqaipaent developed 
for thio purpoae is baoed on &D oriainal idea propooed by 
Loul.a Ill for achievias radial flow froa a section <'! 
borehole undaraoiaa a paapiaa test. 

In •i•plifled fora, the teat equip•eat conaiata of throa 
sections i1olated by paeuaatic packera (Fia. 3) thron1h 
which water it puapecl, In thio caoe, the heaiaphericol flow 
that occurs at the eada of a noraal ainale te•t aectioio 
(Fig. 2) will occur oolely froa tho two aab-cavitiea on 
either aide of the teat sectioa. Thus the flow fro• ths 
test aactioa, io aeaaured separately and will be pnroly 
radial aatiafyiaa one of the aaauaptions aade in the theory. 
[2, 41. Thio concept waa analysed by Sharp [4] aad teated 
in a li•itad way iu the field by Waiai !21. Sharp fouad 
that the aini•u• laaath of the oob-cavitieo for radial flow 
in the teat section should be half the teot aection leasth 
when all aectiona ware preaouri ••d to the •••• level. but 
that thio leaath could ba reduced by 50'1o by iacreaolac th• 
presaura in the aub-cavitiea to 1.5 tiaas the pressure in 
the t • • t • • c t loa. 

Aa a coDaequaace of thia and tbe desire to be able to vory 
the lencth of the toot ••ctioD to iaveat!aate acale effecto, 
the aqaipaent was deaiaaed •• quick aaoeably uaits. Thi• 
enables the teat oectioa to be varied fro a 0.5• to, in thi • 
caoe, 16a iD leaath. Merely by the aaanfactarina of extra 
coaponeata virtually aay teet coafisuration ia poaoible with 
any leaath of iaolatina paeu•atic packer. For •oat purpose• 
a aiaala pae•aatic packer unit 1.5a lona will ouffice aiac• 
80'1o of the preaoure is lost within a radial diataDca a qual 
to 4 tiaao the radius of tke borehole [2]. 
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To coapleaeat thla aqaipaeat a aiallar systea with a aiaale 
aonitoria1 aactloa instead of the paapia1 section haa been 
deslaaed to ba uoed ia adjacent boreholes to aoaltor the 
affects of the puapia1 taata. If necessary the whole leuath 
of a borehole azcept for the aactlou balaa aouitorad can be 
ioolatad with pneuaatic packers thus preveatiaa the 
diocoatiauity uader taat abort circuitiaa to other 
discoatiaaitiaa via tha bor•hola. 

Pollowial ••tal (2] all praooura aeasaraaeata are aada usia; 
electroaic preasure traaadacero la tha each of the oectlouo. 
Plow aeaaureaeata ars aade uaiaa electrical flow-aeters and 
all data ia stored oa •••••tic tapa usiaa a data acquiaitlon 
aystea. 

A central feature of tha approach baia& used la that testa 
are carried out lu aultiple boreholes drilled perpeadicular 
to each of tha aajor diocoatiauity oeto ia the area beiaa 
studied (Pia. 4). This peralta tho theory baaed oa radial 
flow to be applied to each borehole aad the hydraulic 
charactariatica of each aot of diacontiuuitiaa to ba studied 
iadep•lldeatly. Thua, tho peraeabill.ty taaaor of the rock 
•aaa which oaa be aeaorally expected to be aaiootropic, caa 
be deteraiaed with araator accuracy tha11 ia the standard 
Luaeo11 teat. 

DISCONTINUITY ORIENTATION SPACING 
AND APERTURE KEASUREKENT 

A wide auaber of technique• have beea deTaloped in tka civil 
aaJiueeriaa site iuvoatiaatiou aad patrol••• iadaatrias for 
tba datactioa of diacoatiaultiaa lateraected by borekoleo 
and their aaaauraaaat [16, 171. The borahola iapraosioa 
packer probe (B.I.P.P.) Developed by l!iads [17, 11] at 
Iaperial Collaaa, Loadoa, aad later adapted by othara, 
proTidaa a aiapla aad cheap way of obtaialaa aa accurate aad 
paraaaaat record of diacoatlauity aeoaetry. 

The coaotructioa of tha B.I.P.P. la ahowa ia Pi1. 5. Au 
iaflatabla rubber packer is aouatad oa a caatral support 
tuba Tia pluas at aach ead.Two •atal aide plato• are aouated 
etthar aida of the paaaaatic packer aad arraaJed to freely 
aove &J&inat tha borehole wall upoa iaflatioa of the 
pnouaatlc packer. A raoilieat plaotic foaa ia attachod to 
the outer facea of thaao aida plates, on which fresh 
iapreaoion fila ia aouated for each ran iato the borehole. 
At each ead of tha packer asse•bly there are skids which 
ceatralise tha probe ia the hole aad prevaat scuffiaa of the 
iapreaaioa fila. The top ead aouatln& aervas aa a 
teraiaatioa poiat for tha wire line for retrievlaa the 
B.J.P.P. ancl the air line to the pae .. aatic packer. The 
lower aouatina haa an attachaent for clockwork self­
lockial fully aiaballed coapaaa. 

Yhaa tha pooker ia uoed in a horizontal borehole ita 
oriaatattoa aaat b• kaowa aad it auat be pulled or pushed 
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down the hole. Thit is achieved by aountlna the packer on 
two tenaionod aaido wires which are attached to a pneuaatlc 
anchor at the bottom of the hole. The packer io then pulled 
down tho boreholo by aeana of another cable which Ia 
attached to the bottoa •cantina on the probe, paasos throuah 
a pulley on the pnouaatic anchored and bock up to the 
'aurfaco'. By t.hia aethod the orientation of B.I.P.P. is 
known froa tho orientation of the toooloned snide wireo and 
It io aiaply pulled down to tho required 'depth'. 

Each pair of iaprooaiona record approxi•atoly 70~ of tho 
1oction of borehole under oxa•inatlon. 100' coverage ••Y be 
obtained by rotatina the paeu•atic anchor and t~naioned 

auido wiroa thronah 90° and takina anothex pa!r of 
i•preaaion• at the aa•e depth. Tho orientation is 
periodically checked by attachina a fully aiaballed ~•anetlc 
co•p••• with a clockwork lockin& ••chaaia• to the bottoa of 
the probe. 

Interpretation of tha orientated i•presaiona io facilitated 
by layina thea out in a continnons overlappina sequence. 
Tho dip of a diaoontinuity is obtained fro• the 
relationahip. 

tan a • 
d 

where a • dip with reapect to tho borehole, 
a • a•plitnde of sinnaoidal i•prcsoion 

and d • borehole dia•eter 

By coabinina thia 
actual dip of tho 
direction is found 
po•ition of north on 

dip with the dip of the borehole 
diacontiauity is obtained. The 
naina a atrip co•paaa and tho 
the orientated iaproaaiono. 

tho 
dip 

know 

At proaent threa •othodo are uood to aoaaure tho aperture• 
of the diacontianities. For lara• apertures (aroater than 
3a•l the fil• Ia placed 011 an overhead projector end the 
aperture ••••nred with e transparent ooale. For s•eller 
aperture• aither a ••anifytna al••• or a low powered 
aicroacope Ia naad with a sratlcnlo. Laboretory teats by 
the enthora au€ by Binda (17] have shown that the !•pressed 
widths of diaoontinnitlaa are In aood aaroe•ent with the 
actual widtha. 

A •ore peraanent r1cord of the i•preaeiona ia obtained by 
tracina tho ontlinea of diacoutinnity i•presaiona on to 
dranahtlns paper. The tracinaa ere ahedod whore the 
i•proaaiono ohow voida (PIJ. 6). Ao a roault of thla ••thod 
of reproduction the accuracy of fracture aperture data 
obtained on tho i•preoaion fll• Ia larael7 lost and a 
certain a•ount of snbjoctivity of interpretation ia 
necesaarily iatrodnced. 

The i•prooaio•• can alao be 
naina the i•proaoion fil• 

reproduced photoaraphicelly by 
as a noaativa. Thia •ay be 
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preferable for iaportant aectiona Yithin boroholos since it 
accnratoly reproduces the i•preaaion width but the lncr~•••d 
coat is obviou1ly prohibitive. 

It ia often aore conveuient to ••••ure the opaclnaa of tho 
otiaoontinuitie• 011 the core obt&illed fro• dia11ond drilled 
borehole• but thil aay aivo f•l•• valnas becauoe break• ia 
tae core and dlacontinnitl•• £ri often indistinanlahable. 
Since the B.I.P.P. takea h•preoaiona of tho wall of the 
borehole it will only llotect the pre-oxiatias 
diacontinuitios. This also •eans that the B.I.P.P. can be 
11 sed in percuaaion drilled iloreholea olthonsh •o•e dotail 
will bo lost becanao of tho ronaher wall surface. 

FII!l.D 11011: 

A prosr•••• of work is currently undorv""y to apply the 
concepts and oquipaent deaeribod above to the hydranlic 
cllaracteri••tion of the aranit• rock ••s• at 2 oite i" tl.a 
tin •inins diotrict of Cornwall, Haaland. The teat oite i• 
located ne•r the ••r;in of the Cara•enolli• sranite 
batholith [19, lO], The principal rock type ia a coarse 
arained (5••> feldlpar porphyritic, biotite-anocovito 
aranite. Tho araaite exhibit• hydrothermal alteration which 
has reoult$d in part!~! to coapleta ~hloritioation of 
biotite ond kaolintsation of fold•poro. Granite porphyry 
dykes varyiDI in thickuo11 between 10•• and aeveral 11otre• 
are known froa anrface outcrop• •nd exploratory boroholeo. 

Strnctural 11app •1 in an adjacent qu•rry and in shalla• 
workina• hao revaal~d tYo aajor set• of oteoply dippina 
fracture• otrikina 103° •~d 194°. They ha~• spacinso of tb~ 
or4er of 1 aotra. So•• are lined with variable thickn••••• 
of looo•ulary •inerals enoh •• ehalce<loDy ond lueaatite and 
ara bordered by zone• of kaclinlaad or hae10otiae<l 1ranite. 
Sub-horizontal fractures h!ve 1paciaas of 1~~~ than on~ 

•etre ia•ediately below the pro•ent laue •ur ooo but th~ 

apaoin& iDcreaace with depth. Rare a!ner•lio•d vel~• • 
•ost of tha porphyry dy\e• •trik~ at approxl~ately 050 , 
parall•l "ith t.ho lte!~Ollal trend while f~act>u·~• wit!> 
aoderats dip• (4S 0 - 70°) have vari&blo ot>ike ~~r~ction• 
but are 1~•• t:<eq,ent. Lito the •toeply dippins froctn~e• 
they aay h•v• cl~•aly •atcbinJ w•li• o~ b< •~•• or l••• 
opoD, linea with •oft secondary ~inGrole aThd bo~dered by 
zone• of sltefed JK&~ite~ 

Thr•o too,.., 41 30• lons l!~reholaa h•ve •••" drilled 
ortho;anal D th• ~~~jar dl••~~tlnuity •elo on4 eaoh aapped 
usi111 the b"reh"l• >lilpreasion pack~r probe, Fig. ~ oho"o a 
ooctio~ af th~ racl•& of t•~ i•prooolon&. 

At the till\,~ of "•?:titt':lls~ thlf '""'~~ <!Hj'~ip~ent dtSa~~~,Q by +3(; 
autho~ij ifi ~~dar ~on&tractloh. The fir&~ uao of th~ 
•onitorin,t f,yitifn vill b~ \:~ ••~au~.·~; t.htJ e~it:tir,:~,a 
piozoaotEic profil& aiD~I the lonsthG of •oah of tho t •t 
borehol•t ll•~lo <ii .. oJOtinuity idGnU.fhd a•!"C th~ li.I.I'.I'. 
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will thea be aabjactad to atoady-otata preooure teot 
followed by a traasioat preooure test. Tho hydraulic 
condactlvitlea calcaloted fro• the reaulta of the•• tecta 
will thea ba coapared with the hydraulic conductivities 
deteraiaed fro• tho dloooatiaulty aperture• aeasurad froa 
tile iapreaaioa packer. Oaee thia is coapletod laraor 
leaatha of the borehole will be aabjacted to the •••• teat•. 
The leaath of the teat aectioaa will be iacreaaed 
iacreaaatelly to iaclud• additioaal diocoatiauitiaa Fl1. 7 
(a- d) Ia •• atteapt to flad the teat section leaath obovo 
which thara io ao iacreaoe 1a equivaleat peraoability !or 
iacreased teat aeotioa leaath. The results of all thoae 
testa will defiae the aialaua voluae of thla rock •••• which 
caa be treated aa a eoatiauoaa aadiua aad the peraeabilitlaa 
which cau be applied whea calculatiaa arouadwater flow 
voluaea. 

Further teat• 
eff•ctiveaeaa of 

will be carried out to •••••• the 
the aub-cavitieo for liaaarizi•l the flow 

Ia the teat sectioa. 

CONCLUSIONS 

It haa beea ahowa how ccavoational water presaure teata aay 
lead to erroaooaa reiults in fractured rock. In order to 
correctly aa•••• the poraaability of a rock aaao, 
•••••reaeata hav• to be aade with d•• care and rosard to the 
rock •••• oharacteriatics aad iaaitu hydraulic conditloao. 
Rock ••• charaoteristioa, i.e. fracture apaciaa. coatiauity 
and aperture are ahowa to be adequately eatiaated by ualna 
the borehole iapr•csiou packer. Rydraul to character! otic a 
will be •••••••d with dae resarcl to ocala, aaiaotropy aad 
hoaoaeaiety ia three-diaeasi<HII uoiaa a probe that i• 
c•rreatly beiaa bDllt at Iaperial Colleae. With tho 
ooabiaed aae of theae two probeo peraeability of a 
diaooatiauoua rock •••• caa be aeaaarod witll aoao 
coafideace. 
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Test: Section 

,.ig. 7 (a-41) lncr'Uiing Test Section 
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