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Abstract: Usally thewater head of the pumped storage hydro-plant is high, generally up to 400-500 m, there-

fore the rock mass under the high-pressure bifurcation pipe have o bear as high asmillions Pascal water pres-

aure, in acoordingwith the requirements of high water head pumped storage hydro-plant should be 1. 2 times of
the water head gecial high-presaure packer pemeability test canpared with nomal t test the pemeability of

rock and rock cleavage presaure value The test results on the choice of design options often play a decisive
role Based on the engineering practice, the authors studied the drillhole high-presaure packer pemeability test

in the pumped storage hydro-plant’s underground poverhouse, by the analysisof test results, thisarticle offers a

demonstration of the deformation of rock fracture witch under building in the condition of high-pressure water

head, it provides amore detailed engineering geological background
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1 Introduction

Pushihe pumped sorage hydro-plant is located in
Dongyanghe village of Kuandian County in L iaoning
Province, which is 57 km fran Dandong City As a
large (1) -type power dation, its pover capacity is
1200 MW.

According o the Pumped Siorage Hydro-Plant
Design Guidelines (DL /T5208-2005), high water
head pumped siorage hydro-plant should be 1. 2 tmes
of thewater head gecial high-presaure packer peme-
ability test, we take on the high-presaure packer per-
meability test in the underground of the plant in Octo-
ber 2007. L acking of fomal industry standardson the
drillhole high-presaure packer pemeability test in do-
mestic, the testwe refer Appendix A of’ Code for Hy-
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dropowver ProjectsDrillhole Packer Pemeability Test”
(DL /T5331-2005).

2 Geological ntroduction for test
zone

The outcropped rock is Early Proteromic era (My ;)
and insert diorite pomphyrite vein @1 ). Geological
structure in the test zone is developed Near the test
drillnole we can se dhattered fault zones of f3-2,
fC20, f24.

Rock fisuures are developed, joint frequency of
the test zone (1 © 3) is3. 3-5.6/m and the joint fre-
quency of test ne (4 © 6) isl.2-1.9/m.

3 Test and record equipments

The 3N S high pressure pump and TS intelligent
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automatic recording deviceswere used The maximum
presaure of the punp upsto 10M Pa and the maximum
discharge is100L /min The advantagesof the equip-
ment are high presaure, stable discharge, reanable
structure, easy t operate and with the regulator
equipment © ensure the stability of the test presaure
A notebook computer as the host of intelligent auto-
matic recording devices detemines the characters are
stable perfomance, strong anti-interference cagpabili-
ties, byreal-tme digplay screen with the test data and
the powver-time curves that the accuracy is1 L /min
The XTF-2 hydraulic rubber double embolization
which can bear the pressure of 30M Pa isused, which
expansive rate is 200%.

4 High-presaure packer permeabili-
ty test

4.1 D ivision of the test zone

The zones of packer pemeability test are con-
trolled within 15 m and a total of 6 in the center line
of the high-presaure bifurcation pipe In order o ar-
range the ambolization in a more campletely rock
mass, we use a digital maging drillhole test before the
packer pemeability test o know the development of
rock structure A ccording to the drill core logging and
in combination with digital maging results, we ar-
range the pressure water test zones

4.2 Determ nation of test parameters

A coording 1o the design of the bifurcation thewa-
ter pressure head is 470 m, and the coefficient is
1.2, the maximum presaure is detemined as 6 M Pa
in the test In principle, 6 preswure values and 11
presure stages are slected And third ssgnentwhich
is the double cycle and each cycle of presaure is as
follovs 1MPa-2MPa-3MPa-4MPa-5MPa-6
MPa-5MPa-~4MPa-3MPa-2MPa-1MPa-0 is
the most representative one in the pilot test in those 6
Egnents

The increasing (decreasing) presaure of the third
sgnent isby thisway: each grade pressure maintains
30 min after the first cycle recording stabling, the
presdure increases  a maximum can maintains 2 h;
W hen the seocond cycle reading is stable, each grade
wstained presaure 10 min, the presaure increases o a
maximun sustained 1 h; every cycles at relieving
presaure in each grade the stability of reading contin-
ued 10 min
4.3 Analysis of packer permeability test reaults

W e analyzed the results of packer pemeability
test taking the third trial ssgnent as an exanple The
basic geological characteristics are shovn in Table 1
and the test reaultsare in Table 2; the first cycle of P-
Q curve is shown in Fig 1, the seoond cycle of PQ
curve can be sen in Fig 2

Table1l Basic geological features of the test zones

Rock mass Characteristics of Fractures
Rock types integrity Attitude W idth V ulnerability
1% Na Amount - - -
evaluation Strike Dip Dip angle [mm degree
N 1 N50°E SE 85° <1
J5 N4° - 13°E NW 63° - 66° 0.5-1
Mignatite 63 Medium J6 20 N63° - 76°E NW 63° - 71° <1 Highest
J7 N7° - 14°W W 64° - 77° <1
J8 10 N11°E SE 35° 0.3-0.5

From Fig 1, we can e that this ssgnent PQ
curve isD-curve, which is convex o the P-axis In
the first cycle, the rock mass in test zones is mpervi-
ous in the condition of 5 M Pa presaure, the largest

sepage discharge is only 0.954 L /min When the
presaure reaches at 5 M Pa, the curve has a clear in-
flection point It suggests that 5 M Pa presaure is the
critical presaure that rock occurs cleavage
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Fig 1 Thefirst cycle of P-Q curve
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Fig 2 The scond cycle of P-Q curve

W hen the presaure rises to 6 M Pa, the high-pres
aure infiltration reaults in erosion and expansion then
rock cleavage, making rock seepage discharge repidly
increase © 27. 14 L /min At the same time, the PQ
curve of the second cycle clearly shows that as the in-
fluence of high water presaure, the original rock
cleavages continue to come into being nev expansion,
extension

Fran Table 2, we can know that the trial of rock
mass in the first cycle after the breakdown of the de-
fomation has not fully reamed 9 that the discharge

of the increasing presaure phase ishigher than the first
cycle at the same presuure ¢ (nomally 3. 62-6. 59
times, the maximum presaure is5 M Pa presaure that
is 13.91 times), and the critical presure reaches
when the presaure is4 M Pa

On the presaure of 6 M Pa, the discharge increa-
*s 1 30.46 L /min, which shows that there exists
time effect in this crack rock mass That is, in the
continuing role of high-presaure water, the defomar
tion of discharge rock will continue  increase, there-
by the rock critical pressure on cleavage rock further
reduces (from 5M Pa in the first cycle dovn o 4 M Pa
in the second cycle). It can be sen from the PQ
curve that comparing the discharge changes in the de-
creasing presaure with the increasing presaure on the
sme presaure, the discharge is snall in the first cycle
of step-up  5MPa and discharge changes in the re-
maining increasing (decreasing) presure are not big

Fran the Table 2 we know it is five tmes ©
eighteen times camparing the decreasing presaure dis
charge with the increasing presuure discharge at the
same presaure in the first cycle The lov pressure (1
MPa) for the minimum is five times and the high-
presuure (5 MPa) for the maxinum is 18 times
W hen the presaure decreases 1o 5M Pa in the first cy-
cle the discharge maintains of 17.97 L /min, while
the pressuure decreases © 1 MPa the discharge is
2.388 L /min Obvioudly it is a diametrically different
result at the sane presaure in the cycle test

From Fig 1and Fig 2 we know that curve of QT
is a zigzag straight line before rock mass cleavage; af-
ter rock mass cleavage Q-T repidly rise and shovsasa
slash In thewhole trial process, the presaure is rela-
tively stable and curve of PT isamost a straight line

Itmust be pointed out that the originally imper-
meable rock masson the presaure of 5M Pa in the first
cycle occurred seepage thatwas17.02-1. 94 L /min in
the decreasing presaure process A long period of
high-presaure water presaure mles in rock mass cleav-
age then further erosion and expansion of the rock
mass cleavage supply convenientwater channel for the
discharge There exists pemanent defomation in the
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rock mass

W hen the decreasing pressure is5M Pa o 1M Pa
in the second cycle, the discharge is less, which is
only 5. 45-0. 78 L /min (increased 1. 39 times to 2. 22
times) than the corregponding increase presaure This
is gpparently contrasting with and five tmes  eight-
een times in the first cycle

5 Conclusionsand recanmendations

(1) To am up, thoughwe take on only six trial
test in this high-pressure packer pemeability test,
camparing with the t smilar projects test reaults at
hame, we believe that this trial test is succesful and
the test results scan reflect the characteristics of infil-
tration of high-woltage rock mass, which has certain
rep resentation

(2) The test depth of the rock mass is about 300
m that original pemeability isweak The test shows
that the high water presuure affect integral rock
emerge cleavage while there are no significant change
in pemeability; joints (egpecial stegp angle joints)
than the development rock mass bring in cleavage,
and pemeability rate increase generally for 1. 82-2. 13

times furthemore the maximum is 11. 46 tmes Its
critical presaure is for 4-5 MPa The crackle can not
totally recover after decreasing pressure The critical
presure dropswhen the second cycle and pemeabili-
ty rate dightly increase

(3) Because the original pemeability rate is
very snall, after litting the pemeability rate is
aboutlLu

(4) As the mne of high pressure bifurcation
have lots of fracture zone, crack developed and con-
plicated hydrogeological conditions, for safety rea-
DNs, we propose strengthen liningwhere surround the
high presaure bifurcation to refrain this rock mass from
gliting in the condition of high presure water head

(5) A's the number of test zones is little in this
test, we can not include all of geological phenomena
that the high presaure bifurcation have, suck as fault
2one, joint one and o on It needs further study
about the pemeability changes in high-pressure water
head under effect of those geological defects
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