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ABSTRACT

Safety evaluation of dams has importance in acegdbieir functioning. This essay carries out safatgluation on
the basis of Matitan Reservoir Project. Through lges and recomputation, evaluation of project dfyais A;
operation management, B; safety of flood-prevent@rsafety of dam construction, A; vadose saféth@dam, B;
metal structure, C. Analysis by synthesis, MatiRaservoir Dam is graded as Band 3. At the end eesay, the
author offers some suggestion in reinforcement.
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INTRODUCTION

There are over 87,000 reservoirs in China, amonglwmost were built during the 50s to 70s in 20&mtary.

Commonly found problems include low standards obd control, poor project quality, improper managetand
maintenance, engineering aging — which result @agemergence of dangerously weak reservoirs. {§ fough

estimate, there are over 30,000 dangerously weais da China. These reservoirs can't yield normalfigrand

often become the weak part of the flood controteays threatening people’s life and property seguhit order to

guarantee the dam’s safe and stable operationrdingao a decision released by the Ministry of gv¥aResources,
it's required to evaluate the dams’ safety regulft] Assessment of dams’ safety is the primargcpdure of
evaluating dam safety, which has a great signiiean evaluating dams’ safe operation.

This essay evaluates the dam’s safety accordirguidelines of Dams’ Security Assessment [3] , oa Itlasis of
Matitan Reservoir Project. This could be used eference for similar projects’ security assessment

BRIEF INTRODUCTION TO THE MATITAN RESERVOIR PROJECT

The Matitan Reservoir locates in the Matitan vila@olingou Town, Guangyuan City, Sichuan Providtemain
function is to supply electricity, and it also takeesponsibility in 13 ferries’ service and watepply for the
Two-river Hydropower Station downstream. The prbjeccomposed of the front river-blocking dam, guesterior
power station, the headrace channel, the Two-kiairopower Station downstream. The first hub buidconsists
of, from the left to the right in turn, the leftflanon-overflow section, left-bank power intake aaduring sluice,
over-flow dam and right-bank non-overflow sectidine river-blocking dam is a gravity dam made ugdaging

stones with pulp, which has max height of 30 metard the total length of 268 meters. The powerkmtand
scouring sluice are embedded in the left-bank hon-gection; and the powerhouse is located at 4@nmsérom the
left-bank non-flow section downstream, installedhathree horizontal axial flow turbine generatingjts, which

can offer a capacity of 560kw. The Two-river Hydoayer Station is located at 10.6km from the dam dckiveam.

This project started in 1964, and first generatedtacity in 1973, and fully completed in 1983.

During the past 40 years after the Matitan Resemwas built, the flood terms have extended, whituires us to
alter the data of design flood level and exceplidizeod level in comparison to original designs the basis of
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recomputation according to current standards. i pgeriod the “5.12” earthquake broke out and migbde great
influence on the reservoir components. In ordeerisure the safe and stable operation of the projecieed to
evaluate the safety of the dam.

SAFETY EVALUATION OF THE DAM

The basic information and documents for evaluating Matitan Reservoir Dam safety include the Matita
Reservoir design paper, the Two-river HydropoweitiSh design paper, the Matitan Power Station ystGangxi
County Annals of electricity, reservoir repair emggring data, reservoir site report, the reserweapographic map,
dam site area topographic map, and geological gureport of the Matitan Reservoir Project. The aa#ibn
content mainly include engineering quality evaloati evaluation of dam operation and managementfldog
control standard review, evaluation of dam struetsafety, seepage safety evaluation, seismic saefigw,
evaluation of metal structure safety.

3.1 Engineering quality evaluation

3.1.1 Engineering geology and hydrogeology

The Matitan Project is located in the Yantze Pathptm in the Third New Chinese Subsidence Zoneheast part
of the Central-Sichuan fold belt in Tai'ao, Sichuand the axis part of Cangxi Cycline. The geolagitcture in
this area is gently arcuate fold, without largelttage. The seismic basic intensitylis The geological structure
conditions are relatively simple, with a good regibstability. The reservoir's bank slopes haveoadyglobal
stability without too much concern in slope insliéypiand shore reengineering which may influence tlservoir’s
functioning. The massifs around the reservoir afdewand thick without the problem of water leakage
neighboring valleys. The reservoir area’s grouneéwatischarge is in good condition, avoiding grouathx
immersion. The reservoir sedimentation area maeuhges at the far middle and tail parts from the,dahich has
small effects on reservoir operation. There areecords of earthquakes caused by the reservoir.

According to The Geological Survey Report of MatifReservoir Project [4], the dam base is mainly posed of
weathered sandstone; the two banks mainly consistrong-weathered sandy mudstone. This projectgoasl

geological conditions with good stability and Btghossibility of dam base’s bathydermal glidinge®houlders of
the two banks are embedded in middle-weatheredrasl pedestal rock and maintain good stabilitye @am has
been functioning for several years with good sigb@ven though it suffered through the “5.12” égdake and no
obvious breaks or distortion have ever been found.

3.1.2 Construction quality review

(1) Through drilling check, pressurized-water tegtithe dam’s actual measurement and the appeacpadity
inspection, analyzed in comparison with operati@tords, the following sections meet required qualit
specifications: the dam foundation, bank slope eatian, anti-seepage treatment of foundation gngtconcrete
and reinforced concrete engineering, engineerimgtcoction of laying stones with plasma,;

(2) No documented data of reservoir’s metal stmectostallation and debugging are available foieey The gate
and hoist have not been maintained and replacee ey were put into use; Through field surveyfind that the
trash rack bars have corroded seriously, the seyétes in the blasting holes also corrode sesiopslts of the
rubber water bars are broken, the bolts are codiattie rubber water bars in the left side of thikthead gate are
missing;

(3) The surface of the overflow dam’s weir cresswat-suspended with concrete in April 2010 acogydd C20,
which is in good condition of water passing witeasmooth and flatness;

(4) The dam body and mortar are aging, the aboxed tf water-varying regions upstream and the serfaf dam
slope stones downstream have different levels d@thering, part of the mortar is washed off by watlkeere are
some small cracks of different length in the omxfldam crest’'s concrete, which has been partlyestdxy water.

According to Guidelines of Dams’ Security Assessimi@&h, the Matitan Reservoir Project quality is aated
qualified.

3.2 Evaluation of operation and management

The Matitan Reservoir has established correspondiagagement policies which can be reasonably adopte
according to authorized dispatching rules; it alsites down chronicles of operating events and sptsontingency
plans, but the hydrological telemetry system is paatfect. Detailed records and evaluations of the’'d previous
repairs and reinforcements together with theiraffeould be found, but the maintenance systemtisarried out
fully. The reservoir dam has only been equippedh wiater level monitoring facilities and newly-setlipplacement
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monitoring facilities, the monitoring facilitiesenot complete, and there is no corresponding mong data.
According to Guidelines of Dams’ Security Assesstah the evaluation of operation and managememfraded
poor.

3.3 The flood control standard review

3.3.1 The dam’s flood control standard and desigod

Through review, the design flood return period aftev retaining and drainage buildings is 50 yetrs;return
period of check flood is 500 years; The flood retperiod of powerhouse is 50 years, its returnqaedf check
flood is 100 years. This meets the “Flood Contrain8ard” (GB50201-94) and “Hydropower Junction Bctg’
Grading and Design Safety Standards” (DL5180-200i8)the same as the original design standard.

The Matitan Reservoir has no measured flood datayteen we calculate the statistics of storms adngrtb the
“Manual of middle and small watershed storm floamputation in Sichuan Province”, we ascertain thend
design flood and check the results’ reasonabiliity wational formula. The ascertained plan floadgess line is
shown in figure 1, figure 2.
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Fig.1:Flood process line(P=2%) Fig. 2: Flood process line(P=0.2%)

The reservoir’'s normal pool level is 549.85 m, tinginal design flood level is 552.55 m, the oriicheck flood
level is 553.55 m. According to the current staddaview, we get the reservoir's calculated desigod level of
553.45 m, and check flood level of 554.66 m, redpely 0.9 m and 1.11 m higher than original cop@asding
water levels. Under the same design standards tammdieview results are more reliable comparethtooriginal
design results.

3.3.2 The dam flood control ability

According to the “Specifications for Stone Masofrgm” [5], the crest elevation of non-overflow dast®uld be
set in accordance with normal pool level and chidmid level together with their corresponding rym-waves,
wind-rising waves and security height. Among thake,wave height and the height between the wamtecéne
and static water level should be calculated acagrth the Guanting Reservoir Formula. The crestagien check
results of non-overflow dams are shown in table 1.

Table 1 The crest elevation check results of nonserflow dams (unit:m)

Working condition of calculation Wave heigiht Winiding height| Security height Crest level of wavdlwa
Normal pool level 0.63 0.17 0.40 551.05
Check flood level 0.38 0.09 0.30 555.43

Table 1 shows that the calculation of the crestllef wave wall is 555.43 m, flushed with the walBctual
elevation, thus the crest level of wave wall maetuired specifications. The vertex height of tlem-overflow
dam’s basic section triangle is 553.60 m, highentlthe normal pool level of 549.85 m, meeting taquired
specification.

3.3.3 Discharge capacity review

The over-flow dam is a kind of open practical weithout brake, with the weir crest elevation of B®m, and
weir crest width of 130 m, and the energy dissguatinethod is flip trajectory bucket. Through recanapion, the
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discharge capacity at design flood level is 198@&mahd 3150m3/s at check flood level. The over-filam can

discharge design floods and check floods safely.

When the dam discharges check flood, the air fddtieo dam has a height of 540.85 m, the guide svattual
height is lower than its calculated value 2.37miclwidoes not meet the required specifications. Wthenworks,
the air face of the dam is 1.61m higher than flighet, which results in ineffective deflecting flsw

According to the Guidelines of Dams’ Security Asseent [3], the dam’s flood control is graded C.

3.4 The structural safety evaluation
3.4.1 The dam strength check
According to the “Specifications for Stone Masorbam” [5], it is calculated by the method of matéria
mechanics, the main calculation contains stresth@tdam foundation surface, the upstream and dosarst
sections of the folding slope. The calculated itssale shown in table 2.

Table 2 Stress calculation of the dam body(unit:kPa

Non-overflow dam Over-flow dam
. folding slope . folding slope
Working condition of calculatiorllDam foundation surfa {‘;f1eight‘5;45.55m)Dam foundation surfa fheight 538.28m)
Up- Down- Down- Up- Down- Down-
upstrean upstrean

stream stream streanm) stream stream strean]
Normal pool level 301.82 252.1 211.45 41014135.84 317.73 129.97 112)74
Design flood level 177.54 347.45 147.15 69.4498.34 343.97 35.60] 195.80
Check flood level 165.96 349.28 118.93 85.5710.98 362.54 13.17| 231.86

We can see from table 2, the maximum pressureeohtim-overflow dam is 349.28kPa, the maximum pmresstl
over-flow dam is 362.54kPa. According to The GemlahSurvey Report of Matitan Reservoir Project, [#e

allowable compressive stress of the stone-layirdyhe 800kpa, that of the masonry stones in the/i®@000kpa,
that of the mudstone foundation in the non-overfleection is 350kpa, that of the sandstone foundatiothe
non-overflow section is 3800kpa, that of the samustfoundation in the overflow section is 3800kphus the
vertical normal stress on the dam foundation serfadess than the allowable compressive streffsedatone-laying
body, the masonry stones in the body and the fdioxaand the minimum vertical normal stress on daen
foundation surface is compressive resistance, wiieéts the required specifications.
3.4.2 The dam’s anti-sliding and stability review
According to the “Specifications for Stone Masomrgam” [5], three cases should be taken into conaid®r in

dam’s anti-sliding and stability review: sliding aysis along the cushion concrete and bedrock coataface,
sliding analysis along stone-laying body and thehtan concrete contact surface, and sliding arslystween the
stone-laying bodies. According to the Shear Formthe calculated results of anti-sliding and sigbibf the

non-overflow and overflow dams are shown in Tabén@ Table 4.

Table 3 calculated results of anti-sliding and stailbity of the non-overflow dam

Calculated value

between the

stone-laying bodies

Working condition | Specification. along the cushion along stone-laying body between the between the stonelavind
of calculation e concrete and bedrock and the cushion stone-laying bodies o bodies of folding ying
contact surface concrete contact surface the dam foundation slope(545.55m)
Normal pool level 3.00 3.67 5.59 3.89 38.70
Design flood level 3.00 3.04 4.21 3.17 11.73
Check flood level 2.50 2.52 3.85 2.69 8.78
Parameter choice =06 =075 f=05 =05
c'=200kPa c'=350kPa c'=250kPa c'=250kPa

Table 4 Calculated results of anti-sliding and staility of the overflow dam

Calculated value

between the stone-laying bodies

. - . between the
Working condition of I . along tone-laying body and h

calculation Specification. e along the cushion concrete the cushion concrete contact stor_1e—|ay|ng between the stone-laying bodies

and bedrock contact surface bodies of the .
surface dam of folding slope(545.55m)
foundation
Normal pool level 3.00 4.11 5.23 3.65 6.69
Design flood level 3.00 3.49 4.23 3.11 4.00
Check flood level 2.50 3.21 4.13 2.89 3.51
. f'=0.7 f'=0.75 f'=0.5 f'=0.5
Parameter choice ¢'=250kPa ¢'=350kPa ¢'=250kPa ¢'=250kPa
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We can see from table 3: when it is at the nornatewlevel, the safety coefficient values of nomidlow dam’s
anti-sliding and stability are 3.67, 5.59, and 3us@er above three cases, which are above thef8ptdon. E. We
can see from table 4: when it is at the normal mlateel, the safety coefficient values of overfldam’s anti-sliding
and stability are 4.11, 5.23, and 3.65, also alitbeeSpecification. E. In addition, no matter itais design flood
level or check flood level, the computed valuedl# non-overflow and overflow dams both meet thguired
specifications.

According to The Geological Survey Report of Matitaeservoir Project [4], there are no found disatkgeous
weak structural surface and slope structural plaméise dam’s foundation body. So we don’t needdaleep layer
sliding review in the gravity dam.

According to the Guidelines of Dams’ Security Assaent [3], the dam'’s structural safety is graded A.

3.5 Seepage safety evaluation

At the normal water level, we have not found pheanom of mass leakage in the dam body. Through §ietgey

and supplementary investigation, the dam foundatm the left dam’'s shoulder have low seepage, and
non-overflow dam surface has larger permeabilitgfiticient, with leakage around the dam in the riglam
shoulder. There are partial point seepages in te¢hflow dam and non-overflow dam. The environraémtater
here has low erosive effects on the concrete.

According to the Guidelines of Dams’ Security Assaent [3], the dam’s seepage safety is graded B.

3.6 Seismic safety review

According to the "Chinese seismic zoning map", llasic earthquake intensity in the Matitan Reserfmject
Zone isVI degree. This project is of level 3 engineeringl #re main buildings also level 3 engineering. Adaagy
to the "Code for Seismic Design of Hydraulic Stawes" (DL5073-2000), this project may not need adoryc out
seismic review.

3.7 Metal structure security assessment

According to the "Water Conservancy and HydropoRmgineering Specifications for Design of Steel
Gates" [6], we have recomputed the metal struati@sgns. The service gates’ intensity and rigidityscouring
sluice both meet the required specifications, batdalculated panel thickness (8.4mm) is closeamtiginal panel
design thickness (10mm). The converted stress satfiethe service gates’ panel are 210.2MPa and4R#a
respectively under design conditions and check it@nd, which are close to their admissible valugébe
calculated width values of the panel under the twaditions are 14.3mm and 14.8mm, both above ignad
designed width 12mm. This indicates that applying ate’s original designed width cannot meet thbility
required for the panel at review design flood lesatl review check flood level. No matter it is undesign
conditions or check conditions, the values of begditress, shearing strength and deflection ofgtider are all
smaller than admissible values and meet the redj@pecifications. But under the two conditions, tadues of
bending stress of secondary beam are 17.3% andbt2Bryer than admissible values, which cannot nieet
required specifications. After design review, thash rack bars’ values of bending stress, sheatirength, the
holistic buckling safety factors of cantilevers anitispan all meet required specifications.

According to the Guidelines of Dams’ Security Assaent [3], the dam’s metal structure safety is gda@.

COMPREHENSIVE ASSESSMENT OF THE DAM’S SAFETY

According to the Guidelines of Dams’ Security Assaent [3], with overall analysis of the Matitan Beir
Dam’s construction quality, operations managemftabdd control, seepage safety and metal structafetys the
Matitan Reservoir Dam is evaluated as Band 3.

RECOMMENDATION FOR THE RESERVOIR’'S REINFORCEMENT
To ensure the safety of the dam, and make fulbfisee reservoir’s benefits, | strongly recommendsidforcement
as soon as possible:

(1)Repair the masonry cracks on the outside ofldm body; if the inside of the dam body is notdsolve can carry
out grouting treatment;

(2)Further check the reasons of the seepage atberdam’s right shoulder; when necessary, we shoedd it with
grouting;
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(3) Establish water regimen automatic measuring amedporting system, and fully carry out
the dam’s maintenance system;

(4) Add 0.40m to the height 540.85m of the guiddl dawnstream the overflow dam; when under cheokd| we
should strengthen status inspections to the flaschdrge of overflow dam and deal with emergenici¢sne;

(5) Replace the intake service gate and reinstalbtasting hole bulkhead gate to seal up water.
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