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Abstract: U sually the water head of the pumped storage hydro2p lant is high, generally up to 4002500 m, there2
fore the rock mass under the high2p ressure bifurcation p ipe have to bear as high as m illions Pascal water p res2
sure, in according with the requirements of high water head pumped storage hydro2p lant should be 112 times of

the water head special high2p ressure packer permeability test compared with normal to test the permeability of

rock and rock cleavage p ressure value. The test results on the choice of design op tions often p lay a decisive

role. Based on the engineering p ractice, the authors studied the drillhole high2p ressure packer permeability test

in the pumped storage hydro2p lantπs underground powerhouse, by the analysis of test results, this article offers a

demonstration of the deformation of rock fracture witch under building in the condition of high2p ressure water

head, it p rovides a more detailed engineering geological background.
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1　 In troduction

Pushihe pumped storage hydro2p lant is located in

Dongyanghe village of Kuandian County in L iaoning

Province, which is 57 km from Dandong City. A s a

large ( 1 ) 2type power station, its power capacity is

1200 MW.

According to the Pumped Storage Hydro2Plant

Design Guidelines ( DL /T520822005 ) , high water

head pumped storage hydro2p lant should be 112 times

of the water head special high2p ressure packer perme2
ability test, we take on the high2p ressure packer per2
meability test in the underground of the p lant in Octo2
ber 2007. Lacking of formal industry standards on the

drillhole high2p ressure packer permeability test in do2
mestic, the testwe refer Appendix A of“Code for Hy2

dropower Projects D rillhole Packer Permeability Test”

(DL /T533122005).

2 　 Geolog ica l in troduction for test

zone

The outcropped rock is Early Proterozoic era (Mγ2 )

and insert diorite porphyrite vein (δπ). Geological

structure in the test zone is developed. Near the test

drillhole we can see shattered fault zones of f322,

fC20, f24.

Rock fissures are developed, joint frequency of

the test zone (1 to 3) is 3132516 /m and the joint fre2
quency of test zone (4 to 6) is 1122119 /m.

3　Test and record equ ipm en ts

The 3SNS high p ressure pump and TS intelligent



automatic recording devices were used. The maximum

p ressure of the pump up s to 10 MPa and the maximum

discharge is 100 L /m in. The advantages of the equip2
ment are high p ressure, stable discharge, reasonable

structure, easy to operate and with the regulator

equipment to ensure the stability of the test p ressure.

A notebook computer as the host of intelligent auto2
matic recording devices determ ines the characters are

stable performance, strong anti2interference capabili2
ties, byreal2time disp lay screen with the test data and

the power2time curves that the accuracy is 1 L /m in.

The XTF22 hydraulic rubber double embolization

which can bear the p ressure of 30 MPa is used, which

expansive rate is 200%.

4　H igh2pressure packer perm eab ili2
ty test

411　D iv ision of the test zone

The zones of packer permeability test are con2
trolled within 15 m and a total of 6 in the center line

of the high2p ressure bifurcation p ipe. In order to ar2
range the embolization in a more comp letely rock

mass, we use a digital imaging drillhole test before the

packer permeability test to know the development of

rock structure. According to the drill core logging and

in combination with digital imaging results, we ar2
range the p ressure water test zones.

412　D eterm ina tion of test param eters

According to the design of the bifurcation the wa2
ter p ressure head is 470 m , and the coefficient is

112, the maximum p ressure is determ ined as 6 MPa

in the test. In p rincip le, 6 p ressure values and 11

p ressure stages are selected. And third segment which

is the double cycle and each cycle of p ressure is as

follows: 1 MPa→2 MPa→3 MPa→4 MPa→5 MPa→6

MPa→5 MPa→4 MPa→3MPa→2 MPa→1 MPa→0 is

the most rep resentative one in the p ilot test in those 6

segments.

The increasing ( decreasing) p ressure of the third

segment is by this way: each grade p ressure maintains

30 m in after the first cycle recording stabling, the

p ressure increases to a maximum can maintains 2 h;

W hen the second cycle reading is stable, each grade

sustained p ressure 10 m in, the p ressure increases to a

maximum sustained 1 h; every cycles at relieving

p ressure in each grade the stability of reading contin2
ued 10 m in.

413　Ana lysis of packer perm eab ility test results

W e analyzed the results of packer permeability

test taking the third trial segment as an examp le. The

basic geological characteristics are shown in Table 1

and the test results are in Table 2; the first cycle of P2
Q curve is shown in Fig. 1, the second cycle of P2Q
curve can be seen in Fig. 2.

Table 1　Ba sic geolog ica l fea tures of the test zones

Rock types
RQD

/%

Rock mass

integrity

evaluation

Characteristics of Fractures

No. Amount
A ttitude

Strike D ip D ip angle

W idth

/mm

Vulnerability

degree

J4 1 N50°E SE 85° ≤1

J5 N4°- 13°E NW 63°- 66° 015 - 1

M igmatite 63 Medium J6 20 N63°- 76°E NW 63°- 71° ≤1 H ighest

J7 N7°- 14°W SW 64°- 77° < 1

J8 10 N11°E SE 35° 013 - 015

　　From Fig. 1, we can see that this segment P2Q
curve is D2curve, which is convex to the P2axis. In

the first cycle, the rock mass in test zones is impervi2
ous in the condition of 5 MPa p ressure, the largest

seepage discharge is only 01954 L /m in. W hen the

p ressure reaches at 5 MPa, the curve has a clear in2
flection point. It suggests that 5 MPa p ressure is the

critical p ressure that rock occurs cleavage.
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F ig. 1　The f irst cycle of P2Q curve

F ig. 2　The second cycle of P2Q curve

　　W hen the p ressure rises to 6 MPa, the high2p res2
sure infiltration results in erosion and expansion then

rock cleavage, making rock seepage discharge rap idly

increase to 27114 L /m in. A t the same time, the P2Q
curve of the second cycle clearly shows that as the in2
fluence of high water p ressure, the original rock

cleavages continue to come into being new expansion,

extension.

From Table 2, we can know that the trial of rock

mass in the first cycle after the breakdown of the de2
formation has not fully resumed so that the discharge

of the increasing p ressure phase is higher than the first

cycle at the same p ressure c ( normally 316226159

times, the maximum p ressure is 5 MPa p ressure that

is 13191 times) , and the critical p ressure reaches

when the p ressure is 4 MPa.

On the p ressure of 6 MPa, the discharge increa2
ses to 30146 L /m in, which shows that there exists

time effect in this crack rock mass. That is, in the

continuing role of high2p ressure water, the deforma2
tion of discharge rock will continue to increase, there2
by the rock critical p ressure on cleavage rock further

reduces ( from 5 MPa in the first cycle down to 4 MPa

in the second cycle). It can be seen from the P2Q
curve that comparing the discharge changes in the de2
creasing p ressure with the increasing p ressure on the

same p ressure, the discharge is small in the first cycle

of step2up to 5 MPa and discharge changes in the re2
maining increasing ( decreasing) p ressure are not big.

From the Table 2 we know it is five times to

eighteen times comparing the decreasing p ressure dis2
charge with the increasing p ressure discharge at the

same p ressure in the first cycle. The low p ressure (1

MPa) for the m inimum is five times and the high2
p ressure ( 5 MPa ) for the maximum is 18 times.

W hen the p ressure decreases to 5 MPa in the first cy2
cle the discharge maintains of 17197 L /m in, while

the p ressure decreases to 1 MPa the discharge is

21388 L /m in. Obviously it is a diametrically different

result at the same p ressure in the cycle test.

From Fig. 1and Fig. 2 we know that curve of QT

is a zigzag straight line before rock mass cleavage; af2
ter rock mass cleavage Q2T rap idly rise and shows as a

slash. In the whole trial p rocess, the p ressure is rela2
tively stable and curve of PT is almost a straight line.

It must be pointed out that the originally imper2
meable rock mass on the p ressure of 5 MPa in the first

cycle occurred seepage that was 1710221194 L /m in in

the decreasing p ressure p rocess. A long period of

high2p ressure water p ressure roles in rock mass cleav2
age then further erosion and expansion of the rock

mass cleavage supp ly convenient water channel for the

discharge. There exists permanent deformation in the
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rock mass.

W hen the decreasing p ressure is 5 MPa to 1MPa

in the second cycle, the discharge is less, which is

only 514520178 L /m in ( increased 1139 times to 2122

times) than the corresponding increase p ressure. This

is apparently contrasting with and five times to eight2
een times in the first cycle.

5　Conclusion s and recomm enda tion s

(1) To sum up, though we take on only six trial

test in this high2p ressure packer permeability test,

comparing with the t sim ilar p rojects test results at

home, we believe that this trial test is successful and

the test results scan reflect the characteristics of infil2
tration of high2voltage rock mass, which has certain

rep resentation.

(2) The test dep th of the rock mass is about 300

m that original permeability is weak. The test shows

that the high water p ressure affect integral rock to

emerge cleavage while there are no significant change

in permeability; joints ( especial steep angle joints)

than the development rock mass bring in cleavage,

and permeability rate increase generally for 118222113

times furthermore the maximum is 11146 times. Its

critical p ressure is for 425 MPa. The crackle can not

totally recover after decreasing p ressure. The critical

p ressure drop s when the second cycle and permeabili2
ty rate slightly increase.

( 3 ) Because the original permeability rate is

very small, after sp litting the permeability rate is

about 1 Lu.

(4 ) A s the zone of high p ressure bifurcation

have lots of fracture zone, crack developed and com2
p licated hydrogeological conditions, for safety rea2
sons, we p ropose strengthen lining where surround the

high p ressure bifurcation to refrain this rock mass from

sp liting in the condition of high p ressure 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 p ressure bifurcation have, suck as fault

zone, joint zone and so on. It needs further study

about the permeability changes in high2p ressure water

head under effect of those geological defects.
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