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Hydrogeological Testing in Underground Holes
during Grouting
By JU. N. SPICHACK'

5 T G Specialized Associstion
Ta Petrovski St., Antratgit
Voroshilovgrad Region, USSR

ABSTRACT

The paper describes major principals in hydrodynamic test-~
ing of horizontel and inclined boreholes using flowmetering
and pressure build-up techniques while tunnelling end dri-
ving permanent workings through water bearing rock and fau-
lted zones. A number of case histories is given together
with the description of teclnical means and special equip-
ment.

INTRODUCTION

Quality and reliability of grouting programs accomplished
during drifting umder severe hydrogeologicel conditions de-
pend much on the scope and accuracy of data on every aqui-~
fer intersected during drivage including the depth of water
bearing zones and their thickness, water pressure head, co-
nductivity and permeability factors, Ifracture voidage, fis-
suring nature, volumetric elasticity factor, ground waler
chemical content, potential water make into a future open~
ing. The 5TG Company has developed and introduced on a bro-
ad scale innovated eguipment and methods of hydrodynemic
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testing for horizontal and inclined pilot, grout or prov-
ing holes to provide the acquisition of the above mentio-
ned data with regard to the strata to be treated by grou-
ting. The informstion obtained during borehole tegting
forms the basis for engineering analysis of the entire
grouting design, i.e. from the size of grout covers aro-
und an underground excavetion up to the number and arrange-
ment of grout injection holes, grout gquantity sand injecti-

on regimes,

THCHNICAL HiBANS FOR FLOWHLETSRING
The DAU-3i-G flowmeter designed by the STG Company (Iig.1)
is very often used for testing horizontal or inclined bore-
noles, The probe consgists of a 73 mm steel pipe casing
which incorporates a two-blade impeller. The impeller ro-
tates on supports within the casing. Free rotation of the
impeller is provided by an adjusting screw and centering
device. The flownmeter is run down the hole on drill pipes
to which it ie fastened via a sleeve and adjustor. The ca-
sing has an aperture for armoured cabling that connects
the probe and battery. The logging cable connecting the
probe and control panel is fastened inside the sleeve and
is sealed by rubber O-rings. LYo protect the impeller from
rock particles a pro%ective gscreen is screwed at the end
of the flowmeter. IThe instrument has openings in the ca-
sing for outilow of liquid. The instrument enables measu-
rings of downhole flow in the range of 0.01 to 2x107% cu.
n/s at hydrostatic pressure head of up to 12 MPa. The er-
ror of measurements is not more than 1%.

FLOWMBTERING INVESTIGATIONS

flow of liquid within a borehole is obligatory for carry-

ing out flowmetering ftests. Flowmetering is executed when

a stable discharge from boreholes is obtained. The testing
can be carried out both while running the instrument down-
hole and in reverse order. The borehole collar has to be
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equipped with a shutter and preventer, and the standpipe
should be grouted to take care of a possible inrush (See
Pige1). On the intersection of a water bearing crack or
karst void water comes into the flowmeter casing through
special openings. The flow of liguid forces the impeller
to rotate at & velocity thet is proportional to the dis-
charge of liguid. The speed of rotation is disnlayed on

the control panel.

The above mentioned tegting scheme allows to define the
depth and thickness of water bvearing zones, rock fissuring
nature, amount and direction of water ovexrflow between

fractured zones.
FPRESSUm BUILD-UP DESTING

In carrying out pressure build-up tests the pipeline for
grout injection from the ground surface is used. The pi-
ping comes from the manifold unit of grouting machinery
via a mine shaft to the face of a tunnel, Using adjustors
and flanges the pipeline is connected to the borehole sta-
ndpipe that accomodates a shutter and pressure gauge.

Pressure build-up testing ig conducted on the completion
of flowmetering tests both by pressurizing the hole with
water or without it. If a pressurizing scheme is employed,
water 1is pumped into the hole at a constant rate. The pe-
riod of pumping-in has to be equal or over the time for
the pressure to build up. On the completion of injection
the recovery of water level is measured with an electric
levelmeter, The latter is lowered from fthe surface through
injection pipeline that has been disconnected at the shaft
collar. Every aquifer is tested gseparately when it has be-
en drilled tarough.

Pressure build-up testing cen be accomplished also witho-
ut pressurizing the hole., for this purpose the shutter at
the borehole collar is opened when the pipeline is connec-
ted to the standpipe. The pressure geuge readings are used
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to monitor pregsure recovery in s tested aquifer. To ob-
tain more accurate pregsure recovery diagrams for a given
fractured zone, the tests sre carried out at three diffe-
rent regimes by controlling the pregssure at the borehole
collar, This can be done by changing the pressure at the
collar with the shuitter and measuring the rate of water
vield., Ubtained pressure recovery diagrams are used to cal-

culate permeahbhility parameters of the aquifer.

LIf seversl noles have been drilled, during testing of one
of them all others are shut and equipped with pressure ga-
uges, when stable discharge and pressure 1s obtained in

the hole under test, pressure reading are monitored in all

other holes.

This testing technique allows to define filtration factor,
hydrostatic pressure head, hydraulic conductivity factor,
elestic capacity and potential inflow into the tunnel.

W PAULT ZOWaS

dajor water in the zoneg of tecteonic faults filled with
unstable loose ground and coarse rock material is encoun-
tered, as e rule, in intensively fractured zones adjacent
to the faults. Jarrving-out of flowmetering tests in bore-
holeg drilled fhrough Ffault zoneg is difficult due to con-
gtant discharge of broken material from the hole which dis-
turbs normal functioning of the impeller. To avoid these
complications the horehole during flowmetering is cased
with filters in the zone of disturbed rock., Fressure build-
up testing during the intersection of fault zones is exe-
cuted according to the above mentioned procedures. To de-
ternine permeability parameters of fault gones it is reco-

mnended to use integration method.
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The methods of hydrogeological testing 1

degcribed above allow to define with suflficient accure
for practical objectives filtration properiie u
routed in the course of howrizon-

ring nature of rock bto be

e
[

tal openings. The data obtained during testing cen provide

O

zonprehensive and reliesble informetion for grouting progranm
degign and control of designed parameters during drivege

and tunnelling under complex mining and geological condi

tions.
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