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STANDARD OPERATING PROCEDURE
FOR
BOREHOLE PACKER TESTING

INTRODUCTION

Scope of Document

This document is to outline various canmon procedures for operdting a wirdine packer
teding ass=mbly. The document covers the generd operating procedures, testing
methods, and basic troubleshooting. It is imperdtive, however, that the tester has
aufficient experience working with wirdine drilling equipment in order to be ale to
visudize what is hgppening during tests and, especidly, if problems arise.  Numerous
difficulties can arise during the drilling and tedting process, and 0 the user is cautioned
to make sure they are aware of both the complexity and the potentid risks (safety and
cost) that can be incurred carrying out these tests.

Furthermore, it is dsressed that the operation of the packer sysem can be hazardous if
caried out by inexperienced daff, and therefore proper training and supervison mugt be
caried out for dl personnd involved. This is especidly true for daff without previous
drilling experience.

The find section of the document has a brief discusson of data andyss  However, as
this is a very involved topic, we have not induded anything more than what is nesded to
make an appropriate and meaningful interpretation of the data collected.

Reasonsfor Packer Testing

Packer tests are carried out to assess the variability of a borehole as it intersects various
hydrogeologicd units ~ Open hole waer levds and pumping tests can give mideading
rellts in such environments.  Therefore, packer teting is often utilized to hdp
undersand the dealed hydrogeologicd propeties of the various horizons This
knowledge can often be essentid to the proper design of the hydrogeologicd program.
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1.3

Typesof Test Apparatus

Packer tegting is caried out in ether open boreholes or through the wirdine drilling rods.
The latter gdtuation dlows for the packer equipment to be used in ungable boreholes
where undable wal rock conditions would likdy cause the tool to become janmed by
fdling rock or sand. It dso dlows for the drill rods to be used as the test water supply
line, thus making it far esder to ded with the equipment involved in degp tedting
scenarios.

The packer assamblies used in open boreholes and through wirdine rods have different
configurations. The two types of test gpparatus (see Figure 1) are referred to as.

d Sngle Packer tess (Figure 1A); and
b Double or sraddle packer tests (Figures 1B and 1C).

Both types of tests are caried out in open boreholes and through the wirdine drill rods as
illustrated.
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FIGURE 1: Packer Test Assemblies
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Typesof Teds

Packer tests condst of measuring the rate of flow and/or pressure build-up/decay in the
tes intervd over a period of time. The upper range of hydraulic conductivity that can be
measured using packer systems will be limited by the hydraulics of the injection system
(rate and pressure output limit of pump, supply line (friction loses), water avalability,
eic). Theefore, it is important to determine before findisng equipment wha the
expected testing range of the zones of interest will be, before garting the testing program.

Injection (Lujeon) Tests

Injection testing methods, othewise know as Lujeon teds ae caried out in drillholes
with datic water levels below ground surface. Water is injected a specific pressure
“deps’ and the resulting pressure is recorded when the flow has reached a quas-steady
date condition.

The gseps are used to “ramp” up and down through the expected pressure range. The
behaviour of the sysem to the increesng and recovery injection can render useful
infformation on the rock and fracture behaviour, as wdl as packer and injection
performance. Thisis discussed further below in Section 5.

Discharge Tedts

Discharge tests are caried out in drillholes with flowing atesan conditions. In these
drillnoles, the naturd formation pressure response is monitored after the equilibrated
shut-in is dlowed to decay with respect to time.  The daa are plotted logarithmicaly and
andysed usng sandard Jecob draight line techniques.  This will be discussed further
below in Section 5.

Shut-In Recovery Tests

Shut-In recovery tests are usudly run immediatdly following a Discharge Tet. The shut-
in pressure build-up over time is monitored and plotted againg loglQ(t/t'), where t is the
time elgpsed dince the sart of the discharge test, and t' is the time since the recovery test
was darted. Thisisexplained in more detail in Section 5 below.
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2.0

EQUIPMENT REQUIRED

The generd lig of equipment required for carrying out wirdine packer tesing is given
bdow for an HQ szed wirdine sysem. Any equipment liged as HQ will need to be
duplicated as PQ or NQ if udng different szed sysems. Note tha mogs of the actud
packer assembly components are usudly made of stainless stedl.

Recommended list

(Note: thislist may nat be fully indusive and should only be used as aguide)

1)
2
k)
4)
S
6)
7)
8)
9
10)

11)
12)

13)
14)

15)
16)
17)

HQ sze wirdine straddle packer unit (2 complete units);

Spare HQ szed glands (2);

Spare orings for unit;

HQ szed suffing box;

Spare orings for suffing box

HQ szed seating cone;

Lifting bail and top supply tube for packer assembly;

Pipe couplings for connecting packer assembly (with pares);

Packer End cap (for blocking flow through bottom of straddle packers)

Double packer st-up will require 15m, peforated spacers (5) and 3.0m,
perforated spacers (2) in order to tet varigble length intervals

Dampened gauges able to measure L/s or n to within 5% accuracy;

Pump cgpable of up to 3.75 L/s (50 Igpm) a 120 ps (flow rate and pressure
specified may be greater if testing in high permeability environments);

Require minimum of 2 sparesfor dl glands, gauges, regulators, and meters;

Regulator (if usng gas) or hydraulic packer inflation pump (if usng water) and
dl lines and fittings capable of mantaning 2000ps or 500pd  pressure
respectively;

Compodte inflation line and support cable;

Red (motorized if tests planned for grester than 200 m in depth);

Lifting Sheave or PRulley block for running composte ceable through (to be
equipped with cable counter if possble).
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In addition, equipment must be tested prior to dating program. The following testing
criteria are recommended

1

2
S

4)

6)

All inflaion equipment must be pressure tested to 2000ps (for pneumatic
systems) or 500ps pressure (for hydraulic systems);

All packers mugt be tested to maximum design pressure;

Require ability to cdibrate friction losses in pumping sysem and packer sysem
prior to testing;

Will need to have bypass vaves inddled before and after the pressure gaugeflow
meter assembly in order to control pressurefflov and to protect flow meter from
back-pressure;

Pressure gauges should be cdibraed if possble (plumbing in spare gauges and
comparing measurements may be only means available on ste); and

How gauges should be cdibrated usng a contaner of known volume (should
exceed 100 L)
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PACKER INFLATION

When packers are inflaed downhole the inflaion line pressure is a combination of the
pressure required to:

- dretch the packer gland to where it will contact the drillhole wall;

- ovecome the hydroddic pressure (ie pressure exerted by the overlying water
column), and

- inflate it to the working pressure (dependent on the gland).

The inflation pressure will therefore change based on the equipment used and the height
of the overlying column of water above the packer. The various aspects of the inflation
pressure determination are discussed below.

Hydraulic vs. Pneumatic - overcoming hydr ostatic head

Packers are commonly inflated with compressed gas.  Generdly, an inet gas such as
nitrogen is used for safety reasons (ie risk of ignition). A disadvantage of compressed
gas in deep teding agpplications is the inherent safety concern of burdting inflation lines or
fittings a suface (ie in dose proximity to testing crew) due to the high working
pressures required.

Alternatively, for desper gpplications, water or hydraulic fluid/antifreeze can be usad to
inflate the packers. The advantage is that water is essentidly indadtic, and 0 burgt lines
do not have the same degree of dtored potentid energy that an dadtic ges filled line does.
Therefore, burs hydraulic lines pose a lower risk than pneumdic lines A further
advantage to a hydraulic (water) sysem in deep test dStuations in tha the naturd
hydrogtatic pressure of the water in the inflation line will equd, or exceed (if Static water
level is bedow ground surface), that of the adjacent water in the formation, and therefore,
the only pressure required isto inflate the packer itsalf.

It should be noted that both pneumatic and water inflated systens are prone to freezing in
cold conditions. Antifreeze or hydraulic fluid can be used to overcome this problem, but
may pose an unacceptable environmenta risk.  Brine solutions can dso be usad to reduce
freezing susceptibility, but this can cause corrodon issues that are just as problematic.
Inflation fluids must be assessed for compatibility with the packer gland materid as well.

Use of antifreeze or brine solutions could dso affect permesbility results if interactions
with day gouge in open fractures causes these maerids to swdl, thus reducing the
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3.2

3.3
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apparent permegbility of the rock being tesed. This can be assessed by ingpecting gouge
materid in the rock core and carrying out surface tests with the expected test fluid.

Packer Inflation Pressure

The tegting unit packers must be inflated to the working pressure to ensure a proper sedl.
This pressure is normdly in the range of 250 p3. As mentioned above, when the packers
are inflaled downhole, alowances for the hydrodatic pressure (pressure from overlying
water column) must dso be accounted for.

If the water column is assumed to be gpproximately 1.4ps/m of water (based on dendty
of fresh water), then the inflation pressure (gauge pressure at surface) required will be:

Where

P; = packer inflation pressure
P, = packer working pressure
Hwc = Height (vertica) of water column above packer (adjust for angled holes)

It is important to note thet in a drillhole with water levels close to, or a surface, such as
in a flowing atesan hole the waer coumn in the inflation line and in the drillhole will
be essentidly egud; therefore Hwe will be gpproximatdy equa to O m.  This is not the
cae for pneumdicdly inflated packers, which require extremdy high inflaion line
pressures, presenting a ggnificant safety and gas usage problem. (Note in a flowing
atedan hole and a 750m deep tet zone the hydrodatic pressure would be
aoproximatey 1050pd.  This inflation line pressure would then need to be increased to
approximatdly 1250 ps to inflate the packers to the required working pressure).

Hydraulic vs. Compressed Gas Inflation in Deep Drillholes
Hydraulic Packers- Snglevs Dud Inflaie/Deflate Line

In a packer sysem equipped with hydraulicaly inflated packers, it is common to have a
dud inflate/deflate line.  This gpparatus dlow for water to be pumped down one line
when inflating the packer, and dlows waer to be returned up the second line when
deflating the packers. The packer gland, and both the inflate and the deflate ling, can dso
be evacuated using compressed gas to push the water out.
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However, for very deep teding sysems the dud inflae/deflate line is prohibitivey
expensve and bulky. Therefore, a sngle line cable system is used. This then requires
that the dngle line acts as both the inflation line and the deflation line. For a compressed
gas sydem this does not pose a problem. However, for a hydraulic sysem, the water in
the line can cause unwanted packer inflation as the equipment is lowered and rased in
the un-submerged portion of the drillhdle if the waer levd is dgnificantly bdow ground
aurface (i.e: causes enough hydrogtaic head in the inflation line to cause flow into the

packer gland.)

The water capacty of the inflation line will be of limited cgpadity, and therefore, will not
supply dgnificant inflaion fluid. However, it can be enough to digort the packer gland if
the depth to water is ggnificant. If water levels are more than 25m below ground surface,
the hydraulic packer sysem should be eguipped with an inflation activetion vave as part
of the inflaion line that prevents inflation when lowering the tool into a drillhole where
the waer leve is bdow ground surface (otherwise hydrodatic levd in inflaion line
would begin to inflate the packers). To prevent this the pressure vave is st to a
predetermined opening pressure (i.e: 100 pg; equd to~70m of hydrogatic heed) to
compensate.

Alternately, it is possble to use compressed gas. However, "pressure compensation” will
likdy be required in degp tedts as the gas filled gland can digort due to the hydroddic
pressure during tripping in and out of the drillhole  This procedure will require thet the
packer glands to be pressurized during lowering, and depressurised during raisng, to
compensate for the goplied hydrodatic pressure The line pressure used will be
dependent on the hydrodatic pressure (overlying water column  height) and  will,
therefore, need to be caculated based on drillhole conditions, and depth of test, and
teded by trid and eror. Great care mugt be taken in the initid tripping in and out as
incorrect pressures could cause the tool to jam. This could damage the gland and/or the
cable and red system.
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4.0

PACKER TEST — PREPARATION

This section has been written for wirdine, hydraulicdly inflaed packer sysems but is
dmilar to pneumatic sysem opeaion. Gregter care mugt be taken with pneumdicdly
inflated packers sysems, however, due to the dadic energy in the compressed gas and
the potentid for explosve rdease if arlines, ec. burd, especidly when working in degp
drillholes where high operating pressures are required.

The basic steps for preparing for a packer test are outlined below. It is important to make
asysematic

D

2

3

4)

6)

8
9
10)
11)

12)

13)

14)

Prepare packer assembly:  two packers with open bottom for single test or three
peckers with perforated middle pipe section and dosed cap on the bottom for
draddle packer test (see figure 1);

Check inflation line connecting the packers and fittings — do not over tighten as
you might gtrip the threads;

Check pecker assembly for any leskege.  Inflate to maximum gland working
pressure in gppropriate length and diameter of drill casing or drilling rods;

Check wire line comectors on packer assambly and suffing box  components
(especialy sedls);

Prepare and check water feeding sysem: tank, supply, pump, connection hoses,
pressure gauges, vaves and flow-meter;

Dedgn tes paameters  depth and length of tested zone, drilling bit depth (double
check drillers count of rods in drllhole), pogtion of packers inflation pressure
and water pressure for three stages

Drill hole preparaion: removd of drilling mud and cuttings  (flush with dear
water);

Pull rods up to locate drill bit at selected depth;

Prepare wire line winch;

Ingdl suffing box on drill rods;

Measure groundwaer level prior to inddling pecker sysem severd times to
asxss datic groundwater level (or measure pressure, if flowing atesan, once
packer assembly and suffing box are ingdled);

Lift the packer assambly usng the wirdine and lower to landing ring & drill bit—
check if seats on landing ring by "ligening” to rods usng wrench, etc. If posshle,
check depth marking on wirelineif this has been marked for the expected depth;

If hole is flowing atedan, inddl duffing box seds aound wirdine and inflation
lines— if nat, go to sep 15;

Messure shut-in pressure if hole isflowing artesan;



Standard Operating Procedure for Borehole Packer Testing Page 11

15)

16)

17)
18)

19)

20)

21)

Inflate packer dowly (by 50 ps geps) until working pressure has been reached.
This will reguire filling to working pressure plus cdculated hydrodetic pressure
(see below for cdculdion);

After inflation is complete, monitor pecker inflation line pressure for 2 minutes
minimum to see if sysemislesking. If no legks goparent, then;

Sed duffing box cgp and atach water feed system;

If flowing atesan conditions exis, wat for pressure to dabilize and record
pressure.

Note a dhut-in test can be caried out during the pressure sabilization (this will
be described below);

Check inflation lines and inflation pressure to ensure no lesks occur, check water
feeding system, prepare stop-watch and field test form

Packer system is now reedy for testing.
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PACKER TEST PROCEDURES

Procedures for various packer testing methods are described below. The procedures dso
include badc andyticd procedures that can be goplied (supporting eguations ae
referenced in section 7 below).

Injection (Lugeon) Tests

Injection (Lugeon) tests condst of isolaing a section of borehole and injecting water
under pressure in to the rock to determine the effective transmissvity (T) of the zone.
The trangmissvity can be rdated to the hydraulic conductivity (K) of the rock or
hydrogeologica features (fractures, etc.) by means of K = T/L, where L = length of test
Zone).

The data recorded during the test amply condgs of the flow rate and the corresponding
pressure when “steady-dtate’” conditions have been achieved. These data are recorded
over anumber of increasing and decreasing steps, as explained below.

Test Decription

Based on the drill core, an assessment of the expected injection rates and pressure can be
made. This will become esser as the testing program proceeds and the tester becomes
familiar with the hydrogeologica stting.

Obsarvations of flow ae made every minute until three consecutive, consgent readings
are taken. This should represent deedy-date flow. The pressure is then increased,
usudly for 5 equad increments, followed by 3 decreasng pressures. The Steady-date
flow at each pressure is recorded.

To begin the tedt, the tester will need to have an idea of the pressures to be tested (these
are referred to as pressure geps A, B, and C below). The expected pressure range will be
based on the esimated permesbility of the rock and the expected intake of injected weter.

These will have to be assessed based on previous experience in the drillhole(s), and
corrdaed to the pumping equipment avalable I insufficent, or excessve, pressures are
used for Pressure A, the test can be extended (more pressure steps for the former) or
stopped and restarted for the latter a alower initid pressure.

It is common practice to "ramp up' over a lesst three (3) "increesing” deps in the ted,
and to "ramp back down" two or three decreasng deps (at pressures that match the
ramping up pressures). This is done to test for hyderess in the plotted data  Deviation
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from a draght-line maich can indicae hydrofracturing (if decreesng data is aove the
line) or non-Darcian flow (if decreasing dataiis below the line).

Note that it is assumed that injection losses due to friction losses in the drill rods will not
be dgnificant because of the large diameter. Friction losses through the packer assembly
flow pipe would be sgnificant, but the short length involved reduces this impact and 0 it
will be ignored in subsequent cdculations.

Basic Testing Procedures

Data should be plotted on a flow rate vs. pressure graph, for each pressure sep.  The
shape of the plot, especidly with regard to the decreasing pressure curve match, is used
to assess the test results  This is described below in the Daa Interpretation section
(5.1.3).

The test usudly conssts of 3 to 5 ascending pressure $eps, and 2 to 4 recovery pressure
geps, asillugrated in the example below.

Pressure Step Pressure (ps)
A

B
C
D
E

Dr
G
B
Ar

NS5 85838 N

Note that step “B,” refers to recovery pressure B, which should equd, or be amilar, to
ascending pressure sep B

Usng the expected initid pressure and edimaed range of deps as a dating point, the
following procedures are followed. If pressures and/or required pumping rates are not as
expected, the tester will have to adjust the pressure steps as required.
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The basic test procedures are aslisted below:

1

2)

3

4)
5

6)

8)

9

10)
11)

12)

Open waer feeding sysem vave and mantan condant initid pressure A until it
gppears to have gabilized (often about 10-15 minutes);

During this time, record the dgpsed time and totd volume of consumed water
every 0.5 min or s, for the first 23 min of the test Sage, then every minute;

After pressure A has dabilized for approximady 3 minutes, increase the pressure
to pressure B;

Record time vs. flow rate asfor A

Increase the pressure, after pressure B has dabilized for goproximatdy 3 minutes,
to pressure C;

Test can be caried out for pressures D and E if the pump system has sufficient
range left.  The find pump rate should not be more than 80% of the maximum
rate if possble;

Repest pressure stage B (or last ascending pressure, D or C, if more than 3 steps
used in tedt) — if formation is tight, rdlease pressure by bypass vave on water
feeding system to decrease pressure from C to B quickly;

Repeat pressure stage A — if formetion is tight, release pressure by bypass vave
on water feeding system to decrease pressure from B to A quickly;

After repedting stage A, perform recovery test: shut the feed vave and record
pressure decrease vs time for about 10-15 min, or untl 90% recovery has
occurred;

Deflate packer assembly and remove stuffing box cap and sedl;

Wait until dl nitrogen escgpes from the packer cdls wait an additiond 5 minutes
and then pull the assambly carefully to top of drill rods wetching for the marker
flag to prevent pulling assembly into overhead sheave; and

Measure groundwater level after the test severd time to assess level recovery and
ddtic levd.

Tet can be modified ard made shorter or longer. One option is to peform only a
condant head test with waer leved mantaned near the head of drilling rods. When
deady State occurs, measure flow-rate usng cdibrated bucket. Congant head test can be
followed by smple fdling heed test with duration about 10-15 min.
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5.1.3 Datalnterpretation

The graphs in Fgure 2 illudrate a sdection of type curves, which ae commonly
observed. The following describes each curve.  (Note that the recovery curve -reducing
pressure curve- is indicated by a dashed line in the plots, otherwise the recovery curve is
seen to mimic the ascending pressure curve).

1 Ided result where flow is laminar, probably on deen fractures, discharge
proportiond to pressure heed.

2. Tight fractures, impermesble materiad

3 Highly permesgble, large open fractures. Water acceptance exceeds capecity of
the test systemn and pressure recorded is due to friction in supply system.

4. Farly high permeghbility with a decrease in flow with time due patidly to a
change from laminar to turbulent flow, as wel as patid dogging of fractures
with time.

5. Lov pemedbility, but washing out of gouge maerid from the fractures
increasing the permegbility.

6. Laminar flow, moderate permesbility but with an increase in flow with pressure
Increesng packer pressure brings the flow back to a linear reationship with
pressure, indicating increased flow was previous leskage past the packer.

7. Increase in permegbility with increased pressure and the recovery curve follows
the same path. This indicates that fractures have been opened up due to excess
pressure (hydrofraccing).

8. Progressve decrease in permesbility with pressure (and  time) indicating
incomplete blocking of the fractures by trangported materid.

0. Moderate permesbility and flow rete is not liner. The down turned curve and
gmilar recovery curve indicate that turbulent flow conditions exis beyond 15
bars.
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FIGURE 2: Typical Flow vs. Pressure Curves
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The data from the injection test can be usad to determine the effective transmissvity (T)

by means of the Thiem equation:
Qln 8552
2p R
where:
T = trangmissivity (m2/day);
Q = injection rate (m3/day);
R = radius of influence (M);
My = radius of borehole (m); and
P = net injection pressure (m).

5.14 FEffectiveradiusor radius of influence R

Determining a reasonable vaue for R, the effective radius or radius of influence, is not a
dmple matter. This is because the parameter is a function of the hydraulic conductivity
of the test zone, heavily influenced on vaiaions in primay and secondary (fractures,
etc) permegbility within the zone, specific storage of the rock mass and fractures, etc,
test interva length, pump pressure, and time of test period.

However, as the parameter occurs within a naturd logarithmic function, we can subgtitute
a reesonable vaue. For example, if the drillhole iedius is assumed to be agpproximatdy
0.04m (15", or goproximady HQ wirdine sze, then vaues of R equd to 1, 5, 10, ad
100 m would result in vdues of 'In (Rirp)" equd to 3.3, 4.9, 56, and 7.9, repectively.
Consequently, it can be seen that be R vdue used in the eguation aove will have a farly
indgnificant effect on the vaue of T cdculaed usng the eguations for andysing the
packer daa  This is egpecidly true when dl the possble vaidbles and potentid
cumulative errors in the testing process are taken into account. Therefore, it is consdered
that an R vaue of between 5 and 10 is reasonable and yields areasonable vaue for K.
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5.2

521

515 NetInjection Pressure; Pi

The net injection pressure is cdculated as the combined pressure head (m) thet is exerted
on thetest zone. It is cdculated asfollows

where;

P; = net injection pressure (m);

Py = gauge pressure (m);

hy = height of gauge above ground leve (m);
hs = depth to pre-test water level (m); and
hy =friction losses (m).

The sum of hg and hs is usudly refered to as the column height.  Both components of the
column height should be measured before the test is carried out.  The vaue for hg should
be the same for each test if the testing gpparatus is not changed, but hs will vaying

depending on the hydrogeol ogic zone penetrated by the drillhole.

Discharge Tedts
Test Description and Basic Procedures

To cary out a discharge tes, the packer is located a the drill bit in the same manner as
for the injection test. The procedures for tegting is farly smple, but care must be taken
to ensure a good packer sed as pressure response curves will not indicate lesking seds as
in an injection test.

The following procedures outline the basic test set-up:

1 Locate drillbit and packer assembly asin an injection tes;

2. Closeflow vave a top of drill rods and monitor pressure;

3 After pressure has equilibrated (Steady reading for a least 3 minutes), record shut-
In pressure;

4. Sat timer and record pressure vs. time logarithmicdly (i.e:05, 10, 15, 20, 25,
30,35,4.0,45,50,6,7,8,9 10,12, 14,16, 18 20, 25 30, 35 40, 50, 60, 80,
100, 120, 150, 200, etc. minutes);

5. Plot data as PS/Q vs. 1og10t (see below for parameter list).



Standard Operating Procedure for Borehole Packer Testing Page 19

5.2.2

5.3

531

Data Andyss

The gpparent trangmissvity of the packer isolaed interva can be etimated from the time
and discharge data using a modified Jacob-Lohmean (sraight line) equation:

= 2.30
4p [D(P,/Q)/log 1]
where:
T = transmissivity (nf/day);
Py = ghut-in pressure (m).
Q = discharge rate (n7/day);
R = radius of influence (m); and
t = elgpsed time Snce vave opened (min).

The dmplex method of andyds involves ploting Ps/Q vs logiot and, with a best-fit
draght line, esimaing the change in Ps/Q over one cycle of t. Sdection of the change
in Ps/Q over one log cyde is not necessry, but smplifies the cdculation snce in that
case, the value of the term logy ot equasone. Therefore, the equation Smply becomes:

_ 0.183
Dl(P si /Q)

Where ?1(Ps/Q) indicates the changein Ps/Q over onelog cydeof t.

Recovery Teds
Test Description and Basic Procedures

A recovery test is usudly caried out in conjunction with a discharge tet. Following the
discharge test, the time is recorded (t), and the vae is agan shut. This will dlow the
formation pressure to recover, with the relaionship of time vs pressure recorded for this
test.
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532

Thefollowing procedures outline the basc test st-up:

1 Locate drillbit and packer assembly asin an injection tes;

Closeflow vave a top of drill rods and monitor pressure;

3 After pressure has equilibrated (seady reading for a leest 3 minutes), record shut-
in pressure;

4. Sat timer and record pressure vs. time logarithmicdly (i.e: 05, 1.0, 15, 20, 25,
30,35,4.0,45,50,6,7,8,9 10,12, 14,16, 18 20, 25 30, 35 40, 50, 60, 80,
100, 120, 150, 200, etc. minutes);

5. Plot data as PS/Q vs. log10t (see below for parameter lis).

N

Data Andyss

The pressure readings are plotted againgt loglO(t/t'), the loglO retio of the time snce the
discharge test sarted (f) over the time snce the recovery test has dated (f'). The
agoparent trangmissvity of the test intervd can be edimated usng the Cooper-Jacob
method:

T 2.30Q
ap @ DR 0
§D|09 w(t/t)3
where;
T = transmissivity (nf/day);
6 = average discharge rate during the discharge period (n/day);
?P; = change in recovery pressure (m).
t = dapsed time since gart of discharge test (min); and
t = dgpsed time sSnce vave closed (min);.

Smilaly to the plot for the discharge tedt, the andyss is smple if the change in recovery
pressure is taken over one log cyde of t/t' (where, again, the term loglO(t/t') equas 1. In
this case, the firgt equation can be smplified to:

_0.183Q
- Dy(R)

r

T

Where? 1(P;) indicates the change in recovery pressure over one log cycle of t.
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6.0 TESTING TROUBLE SHOOTING

61 Test QA/QC

To ensure that the daa collected during the test is accurate, and more importantly,
representative of the zone of interest, the tester must verify that the test assembly is not
leeking. Lesks through the supply line or rods, or past the packers will have the effect of
agoparently increasing the permesbility of the tet zone This is because waer pumped
during the test will be assumed to be flowing into the tex zone, but will indead be a
combinaion of zone upteke and leskager  This will become more dgnificat as
permegbility of the zone decreases and/or the injection pressure increases.

Potentid Areas where Leaks can occur

a Packers (bypass);
b Injection pipejoints
©) Drill rods

6.2 Packer Bypass L eakage

A common area where a lesk can occur is past the packer, between the expanded gland
and the drillhole wdl. Incomplete inflation, irregulaities on the drillhole wadl, tears in
the outer gland materid, etc are likey reasons for this to happen. Leskage of this type is
difficult to asess as flow pagt the packer and that into the zone cannot be disinguished a
surface.  In order to determine if the packers are seding properly, various informetion is
avallable to the operator:

1 Check for a drop in packer inflation pressure during the test. A drop in pressure
will indicate that the pecker is deflating (and it or a supply line is probably
leaking);

2. Check for bubbles if usng a pneumatic sysem and the water leved is visble a the
top of the drill rods, and

3 Note unexpected flow vs pressure performance ether within a single tes or as
compared to other test zones of gmilar rock (as determined from the drill core).
This may indicate that more water is being “taken” by the zone, wheress it is in
fact leskage.
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6.3

6.4

It will probably be necessary to remove the packer assembly, test it, and re-run the test in
order to verify that the data collected is representative and accurate.  This will be time
consuming, but overesimaing the zone K due to poor data collection could have serious
consequences on later engineering design consderations.

Drill Rods Leaks

The joints in the drill rods should be “wicked’” in order to reduce leskage. Wicking
congss of wrapping a gdring or wicking maerid aound the rods threads prior to
connecting rods. The leskege may be greatly reduced, but may gill have a Sgnificant
effect when the cumulative leskage is taken into account. To test for the gpparent
leekage, it is recommended that a “blind” packer assambly is lowered to just above the
bit and inflated. Water is then pumped into the rods and the flow vs. pressure response is
recorded. If it is assumed that the packers are seding the rods, and that water is not
flowing through the bit, then any flow will be the cumuldive joint leskege. The pump
pressure should correspond to the expected test pressures, with a 150% increase in order
to test the sysem (note do not exceed 80% of packer inflation pressure as this will
potentidly force water past the gland, regardless of proper inflation or not.)

Supply Pipe Leaks

Teding an indegpendent supply line can be done on suface  The only modification
required is to block the water injection pipe a the bottom of the upper packer usng a
plug threaded to fit. Testing pressures should be the same except that dlowance for
packer inflation pressure is not required.
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