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ABSTRACT

Leakage from no.30 drainage gallery at left abutment of Xiaolangdi hydropower station was studied using tracing
methods of environmental isotopes, chemical composition, etc. The result was made by the means of analyzing the
data of environmental isotopes, direction of groundwater, temperature field, etc, which was that the leakage water
of drainage holes in the north of no.30 drainage gallery might come from the reservoir water passing through the
fracture zone of the fault F28 and then inrush into permeable T,*! stratum. The result was confirmed by the
interconnection experiments. The research result about the leakage from no.30 drainage gallery would play a great
rolein designing curtain of left abutment.
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INTRODUCTION

Studying the leakage from dam using environmenbises is an important content in isotope hydrolingthe latest
decades. Environmental isotopes of D, T &@lin water have been broadly used in hydrogeoliiestigation as
important nature tracer. Much scientific reseantlits have been attained about the applicationnefrenmental
isotopes in the hydrology. For example, Fontes dn@ Edmunds J N [1], Coplen T B [2] and Gat J RH&}e
systemically summarized about therand latest books include the ones of Mazor E B4},D. Clark and Peter Fritz
[5]. IAEA also has discussion meetings in schedtileeé, and has specially published works abouigb®mpes of H
and*®0 [6] [7].

The related information of leakage from dam camtb@ined by the distributing law of the environmesattopes D,
T and*®0 in the surface water and groundwater, by the @oispn of the isotopic character in the precipitati
groundwater and seepage water, and by applyin@ltihiade effect and the latitude effect of the dgms in the
precipitation. So the recharge sources can be atetyrseparated, and the scientific reference eapulb forward to
supply the engineering measures for dam.

1. INTRODUCTION OF TRACING METHODS

2.1 THE principle of the tracing method using environmental isotopes

The isotopes of groundwater are similar to DNA otify but the sources of groundwater need severtipss to
confirm mutually, which is different with the DNAvelence [8]. So we can obtain much valuable hydotmgcal
information by studying isotopes of groundwater.

Precipitation provides water to surface water bedi@cluding rivers) and groundwater. Because efvagion,
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latitude, land and seasonal effects, isotopic tiaria are noticed in the precipitation. These leadifferent isotope
characteristics in the water origining from diffetsources. So the water sources can be idenbfig¢te isotopes of
the water. Also the chemical composition of theawatin be used as the auxiliary mean to identdywhter sources

[9].

2.2 THE principle of the tracing method using artificial tracers

2.2.1 Determining the seepage vel ocity of groundwater using dilution method in single borehole

When the tracer is homogeneously mixed in wateuroalin the borehole, the axis of the filter tubepeadicular to
the streamline of aquifer, and the horizontal wader goes through the filter tube continuously amgiformly,
without interference of vertical flow, thus thelaking formula can be applied [10]:

2 _ .2
= 2T )y Mo @
o N,

Where vy is the seepage velocity of groundwater, andnd grepresent, respectively, the radiuses of borehode a
probe. T is the interval of two measuring timesd an is a coefficient needed for the correction for the
hydrodynamic disturbance of the nature groundwider produced by the presence of the boreholgisihe initial
tracer concentration and, & the concentration after tim t.

2.2.2 Determination of flow direction of groundwater in single borehole

The radioactive tracer flows to the outside ofltlheehole with a certain dispersion angle mainlynglthe direction
of waterflow. Dispersion angle is concerned witk tlelocity of waterflow, aquifer structure and tiges of soil
particles. The radioactive intensities around tbeehole are different, which are reflected by thdizactive tracer
in the aquifer. The greatest intensity correspandthe direction of groundwater flowing out of bbode. So the
direction of groundwater flow can be determinedhiasuring the radioactive intensities around thretime [11].

2.2.3 Temperature tracing

It is confirmed by the practical cases that tempeeatracing is an effective measure to trace theifg of
groundwater [12]. Temperatures of strata’s surtau the river water vary with the seasons, whitetdmperature
of the deep groundwater is mainly related to ro@ssnand ground temperature, increasing with thiedbwatepth,
and is less affected by the seasons. When watgiissighe aquifer with different temperatures, ¢hevill be
temperature anomalies in strata. Abnormal temperatone is often regarded as a permeable formation.

2.2.4 Interconnection experiments

Interconnection experiments constitute one of thgemtial stages in investigations related to deakalge. These
experiments are frequently undertaken to obtaiirrafutable proof of the hydraulic connection beéwewo water
bodies, generally indicated or supported by previowestigations using one or several of the tepkes described
in the previous tracing methods [13]. Briefly, tkeperiments consist of the injection in a water yoad a
determined amount of an appropriate tracer andtihsequent determination of its arrival at borehalesprings
located downstream. So the hydrodynamic propediesatural flow can be obtained by the tracing euof the
tracer got at boreholes located downstream.

2. CASE STUDY

The leakage from the left abutment of Xiaolangdergoir was great since operation in 1999. Cuntaimforcement
was constructed in 2001, but the leakage amount detreased 20%. When reservoir water level excedue
elevation of 235m, the leakage increased rapidhyckvmainly located around no.30 drainage gallgry,crown of
the underground workshop, and the upstream abutwehtThe elevations of bottom of no.30 drainagéayy was
117-126m, the elevations of the bottom of drainagjes in no.30 drainage gallery were 85.0m, andttes of part
holes were 100m. The paper discussed the leakadger irmm no.30 drainage gallery for further curtain
reinforcement.

3.1 General situation of leakage and hydrogeology of rock bodies at |eft abutment

Bedrock strata at Xiaolangdi area mainly consisteElermian system (P) and Triassic system (T). unaty loose
sediments were mainly distributed over terrace amdr valley. Bedrock strata could be divided irfive
petrofabrics: B, P4, P,°, P,*, and T petrofabrics. The;Tand T,** strata at left abutment were permeable, afid T
stratum was low permeable,*F-T;** strata had been vertically disclosed at left alemim Attitude of strata
was:50°-60%8°-9°, and faults were approximately vertical tordaxes. Rock body between two faults was rather
cracked, and integrality was weak, and more tharsézondary small faults had developed. Part rocks tiormed
drape, and largely affected leakage and the stabitin of dam. Mainly three groups joints developgdeft core
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wall. The three joints had the striking directiodnNNE, NWW and NNW respectively. The developmenaaiions
of each petrofabric were different. The rock bofl{f ¢ petrofabric was affected by weathering and uniogdand
joint and cranny were dense. Joint much developebea depth of 8-9m in terrane. The joints of groUyE mostly
cut strata, and extended very largely, and seweidé open crannies developed in the core wall. Faimum
breadth could attain 20~30cm. More than 10 perntigajsints developed in th& ,* petrofabric group. These joints
had the striking direction of NWW. Extending lengththe cut-stratum direction was longer than 10aints largely
developed in the % T,% and T*' petrofabric groups, which had greater hard pemagroups content.
Generally joints densities were 2~3 joints per megad joints densities of,T% T,°>*, and T,>? petrofabric groups
were 1~2 joints per meter. Most joints faces wéae dnd harsh, and breadths were 0.5~1.5mm, antsjoiere
filled with calcareous thin film. There existed eékrbiggish along-river faults. F236 fault had ttréking direction
of 100° and dip angle of 65°, and the trend ditectivas SW, and the vertical fault displacement 6&s. The
breadth of F236 fault zone was 3m. F238 fault edstriking direction of 105°and dip angle of 83fAd the trend
direction was NE, and the vertical fault displacemeas 15m, and the breadth of fault zone was 230 fault
had the striking direction of 105° and dip angle8&P, and the trend direction was SW, and the cadrtiault
displacement was 12-15m, and the breadth of famtezwas 0.5m. The substance of the faults zones was
argillaceous breccia, and there existed F28 fadiich intersected with axes of dam. The F28 faall water-tight
conformation. But it was found that there existather strong leakage at the fault zone by testighmiias showed
in Fig. 1 and Fig. 2.
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Fig. 1: Distribution of faults, no.30 drainage gakry, and observation boreholes at left abutment akiaolangdi Hydropower Station
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3.2 ANALYS S of isotopes and chemical components

Sampling points at the study area were shown irlFand the analysis results of isotopes and clemamponents
of the water samples were shown in Table 1. Theegbf isotope tritium at the area were high, whigts mainly
affected by upstream nuclear plants. The high wadeeild play great role in tracing the sources atiew

The value of tritium was 8.3TU in groundwater ofsfean village, which located at the southwest @ifdbutment
with distance of about 2km. The value of tritiumsaa2TU in groundwater of Qiaogou village, whichdted at the
downstream of F28 fault. The tritium values of thve water samples were lower than that of othermdasy and the
ions contents of GISQ?, and N4 were significantly smaller than other samples. Themical composition type of
the two water samples were HC@a*-Mg®". The two water samples had different sources, hvhiere shown in
Fig. 3. Becauce the Taishan and Qiaogou village® vgelated by F461 and F28 faults, their watergamcould
represent different hydrogeologic units. Theiidrit values could represent that of local precifmta{6-8TU).

Table 1: The results of environment isotopes and chemical ogponents of the water samples at the left abutmenths’ unit: mg/l)

total dissolved 8D &°0 T

) ) . " . 2 : ) 2 .
sampling point K Na ce Mg HCGO; Cl SO~ NOs solids 0 P
Deep reservoir water 4.4 109.0 64.3 321 233.3 1139 1528 20.0 729.9 9 -6-94 187
Taishan village 0.8 20.8 80.0 20.0 314.2 8.9 423 .7 6 493.7 -61 -6.9 8.3
Qiaogou village 0.8 13.6 73.0 14.2 259.9 4.27 30.68.9 405.1 -64 -8.1 6.2
tail water 4.2 113.0 66.7 32.7 216.6 1175 150.4 .320 744 -728 -79 17.1
dam toe 2.0 81.7 90.2 27.4 2422 106.8 1316 14.3 96.26 -659 -85 17.0
2-28 3.8 110.5 66.7 32.1 239.2 115.7 134.0 19.6 6721 -66.8 -9.1 488
2-60 2.4 88.2 79.4 26.8 194.2 1121 1434 195 ®66. -61.1 -85 54.2
30-L18 2.9 81.1 78.5 25.9 1949 109.6 1410 175 1.5 -64.1 -85 337
30-S37 2.2 71.2 82.4 26.2 200.8 1025 145.7 188 9.864 -61.1 -89 142
30-S7 3.8 107.3 72.6 29.7 233.3 1157 141.0 205 3.972 -66.8 -89 442
30-L133 1.7 87.3 50.0 48.5 2304 1121 1222 157 68 6 -68 -8.6 18.9
30-L194 1.5 78.8 62.8 41.4 230.4 1015 138.7 20.0 75 6 -629 -8.6 8.6

4-28 437 106.29 72.18 27.12 2186 1139 1434 18.8 704.6 -66 -8.8 59.7

(Note: 2-28 represented 28” drainage hole in no.2 drainage gallery, and 30-S7 represented S7 drainage hole in no.30 drainage gallery.)
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Fig. 3: Piper diagram for the water samples at lefabutment

2065



Zhechao Fanet al J. Chem. Pharm. Res,, 2014, 6(6):2062-2068

3.3 Analysis of drainage water in no.30 drainage gallery

Tests revealed that the sources of drainage wateo.30 drainage gallery were more complex. Acegdd the
data of rate of flow, the north of the drainagelegal yielded more water than the other sides, ali®# water of
whole drainage gallery in the north. The temperswof the water in the north were about 17.% the end of July
2002, which were higher about 1€2than that of water in other sides. There existsaralar phenomenon in April
2002.

The environmental isotoped® and T of L133 drainage hole in the north wereagtordance with that of deep
reservoir water, only little different in the valoé 5'°0, which might be the substitution of isotopes iatev-rock
interaction. So we doubted that the leakage passfvayater in the north of no.30 drainage gallerysv@ng, and
buried depth was deep. The water might come froep deakage around the dam, so the water tempesatuthe
north of drainage gallery were higher. The tritivatue of north drainage hole of L133 was 18.9 Téhyconsistent
with that of deep reservoir water(18.7 TU), whitiowed that the deep reservoir water rapidly supphe drainage
water. The lithology survey of left abutment fouthdt the strata of ;f and T,>* were permeable. The curtain was
shallow away from the plant at the left abutmeailefl to fully cut off permeable stratum®*F. So deep reservoir
water must pass the F28 fault zone into stratyfit, Band drain out in the L119-L169 drainage holethmnorth of
no.30 drainage gallery, for the north drainage fiebgposed permeable stratupi T

Six observation boreholes were drilled at the rasfg@00-500m on the north of no.30 drainage galleaynely -3,
5%-7" boreholes, for confirming the relation between dnainage water in the north of no.30 drainageeggland
F28 fault. The boreholes location was shown inFif’, 6" and 7 boreholes located at dam crest, orifice elevation
of 281m, and boreholes’ depths of 210. 2 and 3 boreholes located at the platform of slope af@mndorifice
elevations of 255m, 255m, and 230m respectivelg,tmreholes’ depths of 177m, 175m and 150m respygtiThe
temperature and electrical conductivity df &nd Z boreholes had no obvious anomaly phenomena. But th
temperature of 2borehole was less than that Sftibrehole, which showed that Borehole was closer to the deep
leakage pathway tharf borehole. Obvious low temperature was found®ib@ehole below the depth of 130m, and
the temperature in the borehole still showed adtiafrdecrease to the bottom. Stb®rehole didn't expose the deep
leakage pathway. There existed two low temperaabreormal zones in“Sorehole. First zone was at the depth of
152~182m, and another located at the depth of 18m2 The temperature iff Borehole was similar to that iff 5
borehole, and low temperature abnormal zone wakeatlepth of 191~200m. The sudden change of teryera
was at the depth of 190m, namely there existedrengtleakage at the depth. Temperature and elaktric
conductivity were abnormal above the depth of 201/ borehole, which showed obvious leakage.

The tests for flow velocity and direction showedttthe velocity of 1 borehole was small, the maximum value of
0.012 m/d, and the flow direction of horehole was the direction of the axis of dam. aximum velocity of 2
borehole was 0.035 m/d at the depth of 175 m, with flow direction of southwest. The flow velociof 3*
borehole was large blow the depth of 120m, the mari velocity of 0.4m/d and the flow direction ofeth
southwest. The flow velocity of*@orehole was greater than that 6aid Z boreholes. The flow velocity of*3
borehole was larger than 0.2m/d below the depth2dim. So the leakage pathway was closer”tboBehole. The
maximum velocity of 5 borehole occurred at the depth of 196m, which riged to T°* permeable stratum.
Velocity variation was agreement with temperatuneraaly distribution in % borehole. The flow velocity of6
borehole was similar to that of Borehole, and the depth df Borehole exceeded the bottom of curtain. The flow
velocity of 7 borehole was small. The leakage pathway must dobatween 5borehole and ‘6borehole, and
located in 1 permeable stratum below the curtain.

3.4 Interconnection experiment for confirming the leakage pathway

Interconnection experiments were frequently underao obtain an irrefutable proof of the hydrawdannection
between two water bodies. The tracer for intercotioe experiments was uranine, for uranine wadydssolved
in water, non-toxic, and stable in water. Backgmbwalues of uranine approximately equaled to zarmdtural
water bodies. Five kilograms of uranine were irgddn 3 borehole at 11 am on 2002-11-11. The water samipte
high concentration tracer was first found fhb®rehole 22 hours after the tracer injection, Wwiibowed that the*3
and % boreholes were in the main leakage pathway. Tjeeted tracers of low concentrations were deteitetf
and Z boreholes 26~27 hours after the tracer injectidnich showed the two boreholes didn’t locate in iein
leakage pathway. The injected tracers of diffecamicentrations were detected in L106-155 drainajeshn no.30
drainage gallery 48 hours after the tracer injegtishich were showed in Fig. 4. So the intercorineatxperiments
confirmed that a deep leakage pathway locatedeit#urock of left abutment.
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Fig. 4: Injected tracer detected in 1-3* boreholes and part drainage holes in no.30 drainaggallery

CONCLUSION

In the latest decades, lots of progress had beefe ma using the tracing methods of environmentatbiges to
study the leakage from dam in China. In the paper tracing methods of environment isotopes, chdmica
composition and temperature were used to studydthmage water in the north of no.30 drainage palé left
abutment of Xiaolangdi hydropower station. The nlagie water mainly came from the reservoir water plaased
the F28 fault zone and went through permeabj&® Btratum around the dam, which was confirmed by the
interconnection experiments. The study about tr@ndge water in the north of no.30 drainage galleould
eventually play a guiding role in reinforcementlod curtain at the left abutment.
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