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2.5 Geology, Seismology, and Geotechnical Engineering

Thegeology, sssmology and geotechnicd enginearing agpects of the Y enliao Ste are summarized bd ow.
More thorough discussons are contained in the pertinent subsactions.

(1) Summary of Invedigative Program

TheYenliao Steislocated gpproximatdy 40 km eedt of Taipa. Comprehendve Steand regiond
geologi ¢ investigations have been conducted in accordance with U.S. Nudear Regulaior
Commisson Criteriaoutlined in Appendix A, Sasmic and Geologic Siting Criteriafor Nudear
Power Plants (10 CFR 100). The purpose of these gudieswasto eva uate the geologic and
sigmic conditions of the Stefor suitahility of anudear power generating facility.

Severd qudies have been conducted as part of the feegibility and Site selection gudiesfor a
nudear power plant a Y enliao. Following the sHection of Y enliao, Ste gpecific gedlogic
investigations were conducted to determine the foundation conditions. Prdiminary core drilling a
Y enliao was performed between 1965 and 1979 during severd Ste sHection sequences After
section of the Y enliao Stein 1979, foundation investigations were performed in two phases
Phase |, carried out during 1980 to 1981, successfully identified an acceptable location for power
block structures and yidded prdiminary vauesfor foundation physica properties Phasell,
performed during the latter part of 1982, explored foundation conditions beneeth the Sructuresin
detail and provided data from which pecific foundation design criteriawere developed. In 1994,
ageologicd re-examination and re-gppraisa of the gte and the adjacent area.of the Stewas
conducted by Geological Society of Chinato confirmits suitability. To date, the principal reports
containing the results of these regiond, Ste sdlection, and foundation condition sudiesa Y enliao
are shown in Reference 2.5-1 through Reference 2.5-7.

The Phase Il investigation has provided athorough quantitative description of foundation
maeridsin the Units 1 and 2 Power Block area. It dso has provided limited quantitative and
quditative descriptions of the contiguous dopes surrounding the power block, and of the ground
water conditions Thelagt report further confirmed thet the Steisa any ratewd| chosen, and
from the geologic gahility point of view, the Steis acceptable from geologists and economiss
Sdes

(2 Summeary of Geology

TheYenliao gteislocated dong the northeastern coadlline of Tawan. The dteiswithinthe
Northern Foothills sub-province of the Ralling Hills province. The Hauehshan Range sub-
province of the Centrd Mountain Range provinceislocated ashort disance south of the gte. The
areais characterized by gently rolling hills, which riseto devations of about 300 m. The power
block areaislocated on anearly fla terrace & thefoot of the hills. Units 1 and 2 will be Stuated
about 600 m from the shording, & an devation of about 12 m.
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Thegeology of Tawan can be summarized as congsting of severd thousand meersof Tertiary
dadtic sedimentary rockswhich overlie pre- Tertiary metamorphic rocks. Extrusveigneous
rocks primarily of Quaternary age, have been depogited atop this sequence.

Structurdly, Tawan isStuated at the calliding junction of the Philippine and Euragan tectonic
plates The northwestward-moving Philippine plateis being subducted benegth the Eurasian
continental plate dong the Ruyuku arc. The plate mation on Tawan hasresulted inthe
development of amgjor transform fault dong the Longitudind Valey. Primary mationissnidrd
with Sgnificant compressond forces The plate callison hasresulted in development of a
northwesward directed sysem of imbricate thrugsin the Tertiary sedimentary formations: The
geology within 8 km of the Ste condgs of Tatiary sedimentary formations, which have been
deformed by the northwest-southeest directed compression. A seriesof imbricaethrustsand
locdly tight folds with northwegterly trends are found in the area. The thrust faults have Seep
southeesterly dips

Detalled gedlogic mgpping, trending, drilling, remote sendng andlyd's and offshore geophysca
sudies have been conducted in the areato determine the cgpatiility of the faulting. Faultsinthe
Kungliao areawere found nat to be capable usng NRC dting criteriaand need not be consdered
inthe seigmic design of the plant.

Summary of Sasmology

The saismologic and geologic invedigations performed by Bechtd Corporationin 1992 to
egablish the acod erations for the Safe Shutdown Earthquiske (SSE) and operating Bass
Earthquake (OBE). Thisstudy has recommended 0.4g accdleration for SSE and 0.29
acoderaion for OBE seigmic design and was acceptable for the Lungmen NPS under ROC-
AEC reguldions.

Summary of Geotechnica Enginesring

TheUnits1 and 2 areaof the Y enliap Ste conssted of asoil venear comprised of unconsolidated
day, dlt and sand with minor amounts of cobbley gravd, which overlieagenerdly hard, well-
indurated series of interbedded, fine-grained sedimentary rocks. As part of Ste preparation,
excavaion of the cut dopeto the south and west of the power block areaand the mass
excavdion grade work have been conducted. However thefind reactor type, plant layout, unit
locations, and plant design have not been determined at thistime (May 1986). The
recommended foundation desgn parameters provided in Section 2.5.4 are basad on exploration
and testing conducted assuming aplant grade of 12 m above ssaleve and a PWR reactor
design with aMaanshan-type plant layout. Oncefind design and layout for the unitsare
determined, the assumed parametersfor foundations desgn will be evauated. Therefore,
foundation parameters are subject to re-eva uation upon completion of plant configuration.
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(5) Condusions

Geologic and seismic sudies conducted to date a Y enliao have shown the Ste to be suitable for
the design and condruction of nuclear power generating Units 7 and 8.

Faultsin the Kungliao areacdoseto the Ste are not capable faults by USNRC sting ariteriaand
need not be conddered in the saamic design of the plart.

Thegroundwater qudity investigation did not produce any evidence thet the Steisunderlain a
depth by warm, sulfurous, or acidic ground water which would pose corrosion problems.

Thefoundation rock is of suitable qudity for support of the proposed plant Sructures

Shear zonesin the foundation rock reduce the quaity of the foundation locally but are not
expected to pose mgor problemsfor design or condruction. To minimize differentid settlements
dueto Soft materid in shear zones, foundation denta work may be recommended where
gopropriate. Thereis no evidence that these shear zones are capablle faults. The foundation rock
will bemgpped in detall by an experienced ongte enginering geologist as excavation procesds
to eva uate the occurrence and age of shear zones

A shdlow weter tableis present in the overburden deposits above the foundation rock. If
adequatdy dewatered, this should pose no problemsfor congruction.

2.5.1 Basic Geologic and Seismic Information

In 1979, extensve invesigaionswere carried out to determine themost qitable Stefor the fourth
nuclear power plant. Four candidate tes namdy Yenliao, Laome, Kuanyin, and Tawvu were sdected for
the comparative dudies. Siting consderationsinduded location and topography, power trangmission,
future expansgon, population, meteorol ogy, oceanography, hydrology, geology, saismology, foundation
conditions, Ste deve opment, and environmenta impact. Y enliao was determined asthe mogt desirable Ste
for thefourth nudear power plant (Reference 2.5-3).

Anintendveinvesigation program of gedlogica and sasmologic conditionsfor the proposed Y enliao Ste
have been undertaken since 1981 by the Power Deve opment Department and Nudear Condruction
Department, Taiwan Power Company, in cooperation with Nationd Science Coundl, Republic of Ching,
Snotech Engineering Consultants, Pacific Enginears and Congructors, Ltd., and numerous private
companies

According to the data reguirements; theinvestigation program was conducted in two phases. The phasel|

invegtigation provided the badic gedlogicd and seismic datato evduate the feeshility for licensang. The
dataacquistion programincludes:
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(1) Surfacegeologica meapping

(2) Geologicd coredrilling

(3) Groundweter observation holes and measurements
(4) Sasmicrefraction and reflection surveys

(5) Trenching and aditting

(6) Microsaigmicity Sudy

(7) Léboratory teding

Thephasz |l program isthe Ste spedific investigation which providesinformation and mechanicd
parametersfor design purposes. The invedigationsindude:

(1) Geologicd coredrilling and permestility tesing

(2) Geophyscd aurveys induding cross-hole and up-hole surveys, and refraction survey
(3) Excavaion, geologic mapping, and plate bearing test in two vertica shafts

(4) Léboratory teding

(5 Groundwater monitoring and chemicd andyss

(6) Minerdogicd dudiesusing petrogrgphic and X-ray andyss

Detailsof invedtigation items and their purposes areliged in Tble25-1 and Table 25-2.
All invegtigations were completed in early December 1982. The results of Sudy were andyzed and

compiledinreports. 1n addition to the fidd investigations mentioned above, some additiond referencesare
listed in Subsection 2.5.1.3.

2.5.1.1 Regional Geology

25.1.1.1 General Physiography and Geologic Provinces of Taiwan

254

Themanidand of Taiwean isdongated and spind e-shaped, with the longituding axis extending roughly
north-south for about 385 km in length. The maximum width isabout 153 km. It islocated about 150 km
off the Fukian Coagt of Manland China, and is separated from it by the Taiwan drait. Reference 2.5-14
hasidentified physographic features of Tawan (Figure 2.5-1). From these four mgjor physographic
divisonsare recognizable They arethe Centrd Mountain sysem, the Ralling Hills, the Terrace
Tabldands, and the Coadd Flains.

Inthe Centrd Mountain system, the Centrdl Range forms the backbone ridge and isthe main water divide
between the eastern and western dopes of Taiwan. It bisects Taiwan idand into two unegud parts, the
western flank being about twice aswide asthe eegtern flank. The Centrd Mountain sysemisan
anticlinorium which occupies about one-hdf of theidand and is composad mainly of hard metamorphic
rocks and indurated sedimentary rocks resgtant to weethering and eroson (Reference 2.5-12). The Ralling
Hillsform anarrow bet surrounding the Central Mountain system and link the Terrace Tabldands and
Coadd Fansin acontinuous dope.
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A subdivison of the Ralling Hills physiographic province, the Eastern Coagtd Range, is sparaied from
the Centrd Mountain sysem by along, narrow rift valley. Thisvaley isknown asthe Longitudind Valey
andisremarkably Sraght.

Thetopogrgphy of the Terrace Tabldands provinceis controlled by the underlying lithology and geologic
gructure, Theralling Hills are composed mainly of Neogene and Plestiocene sedimentary rockswhich
include moderatdy to poorly consolidated sandstone, hde, and conglomerate, and scattered lenses of
limestone. Near the outer edge of the Ralling Hills Province the terrain is gradudly reduced to terraced
tabldands The latter were formed by the codescence of dluvid fansand uplifting of the generd areaa
the end of Pagocenetime Theterracesrange in devaion from 200 to 400 m, (Reference 25-14), and are
largdly covered by unconsolidated sand and St depodits Some terraces have been severdy dissected by
gully eradon.

The Coagd Plainsare extensvely developed in the south-western part of theidand. They indudethe
gently doping lowlands and hillsthat extend from the tabldandsto the ocean. Thisareais compasad of
dluvid bagns, plainsand valleys. Unconsolidated dluvid depodtsand reef limestone of Quaternary age
occur throughout the Coadtdl Plain. Radiometric age dating indicates that Pleisocene age

(Reference 2.5-10).

In order to understand the geologic history of Taiwan, it isessentid to Sudy the rocks deposited in severd
geologicaly diginct regionsduring each gedlogic interva. Rocks of the same age are often represented by
different faces dueto different phiysical conditionsin these regions. It isthus desrable to discussfirg the
mgjor geologic provinces and ther bearing on the geologic devel opment of Taiwan. Each provinceis
characterized by its disinct geologic and geographic featuresthat can be reedily diginguished on the
geologic map. Tawan can be broadly divided into three mgor geologic provinces (Figure 2.5-2).

(1) Centrd Range, thiscould be further subdivided into two subprovinces Western flank and crest
zoneinduding Husehdhan and Y ushen Eagern flank of the Centrd Range

(2 Wedeanfoothills

(3 Coagd Range

The Centrd Range province which forms the backbone ridge of thisidand as mentioned in the previous
paragraph. On FHgure 2.5-2 the Centrd Rangeis defined purdy on the gedlogic point of view. Thisisthe
regioninduding dl the Tertiary submetamorphic rocks and the pre-Tertiary metamorphic complex eest of
amgor boundary fault, the Chuchih (Laonung) fault. 1t isbounded on the eest by the eestern longitudind
valey and the Pacific Ocean to the north. Much of the Sratigraphy and sructure in this province are ill
little known due to metamorphism and insuffident fidd mapping. Thisgeologic province can again be
subdivided gedlogicaly into two subprovinces, eastern and western. The latter isabroad Tertiary
submetamorphic bet which is digributed aong the western flank, the crest zone, and the southern part of
the Centrd Range. It extends also asanarrow rim on the southeestern flank of the Range. The eastern
ubprovinceis underlain by the pre-Tertiary metamorphic complex exposad largdy on the eestern flank of
the Centrd Range.
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The Western Foothills province is composed of Neogene dadtic sediments. Therocksare mainly
dternations of sandgtones and shdeswith locdly intergpersad limestone and tuff lenses Thetotd thickness
158,000 m or more (Reference 2.5-21). Thisisthe most sudied geologic province of Taiwan because of
the extendve minera exploration and other activitiesin this region. More detailed geologic mapping has
been completed and moreis known about Sructurd detalsin this province than in the other two provinces

Thethird gedlogic province isthe Coagtd Rangein eestern Taiwan. This provinceisdso underlan by
Neogene sediments but of adifferent depogition environment as compered with the Neogenerocksin the
Wegtern Foathills. The rocks are characterized by the abundance of volcanic derivaives, poorly sorted
dadtic sediments, and cheotic deposits.

2.5.1.1.2 Tectonic Framework of Taiwan

256

Tawanispart of the Ryukyu-Philippineidand arc chain rimming the western border of the Padific Ocean
(Fgure 2.5-3). Thetectonic framework can be described in two different modds, namdy geosyndind
tectonics and plate tectonics. In the geosyndlind modd, Tawan isatypica mobil or orogenic bdt and
sgnicdly active a present. Themainidandisthe Steof geosyndind depostion onaPre-Tertiary
basement filled with Tetiary sedimentsto athickness of more than 10,000 m. An dlder, Pre- Tertiary
geosyndind sequence was trangformed into ametamorphic basement in late Mesozoic time. A second
generation geosyndind sequence waslaid down on the basement from early Tertiary to early Pleéstocene
time

In the recent plate tectonic theory, Taiwan islocated on the juncture between the Euragan plate on the west
and the Philippine Seaplate on the eed, thet is acontinenta plate on the west and an oceanic plate on the
eed. It can thus be divided into two mgor tectonic provinces (Reference 2.5-22). Asshown in thetectonic
maep (Fgure 2.5-4), thewestern provinceis cdled the fordand fold thrugt bt in the geosyndind modd
and isthe continental margin of the Eurasan plaiein the plate tectonic modd. The eagtern provinceis
named the eugeosyndind fold-thrugt belt in the geosyndind terminology and represantsthe leading edge
of the Philippine Seaplaein the plate tectonic language. The western province or the continenta Eurasian
plate, which occupies dmost thewholeidand, is subdivided into nine second-order tectonic units (Ho,
1982) from west to eest asfallows:

W9 Quaternary cover rocks
a Teracegravd and dluvium
b. Pesoceneflood basdt
W8 Fledocene andeste
W7 Outer fold-and-thrugt zone
W6 Inner fold-and-thrust zone
W5 Intermontane troughs
W4 Rlio-Pegocene Mdange and younger sediments
W3 Upthrug date bdt
W2 Pre-Tertiary Metamorphic basement of the fold-thrust belt
W1 Tectonic longitudind veley
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Theesgtern provinceisthe ste of the Coastd Rangelying between the Longitudind Valey and the eestern
coadt fading the Padific Ocean. Thisrangeisabout 135 km long with amaximum width of 10kminthe
middle part. Itisonly 3 km wide at bath the northern and the southern extremity. In the plate tectonic
modd, the Coagtd Rangeis the remnant of awestward-facing Neogeneidand arc, the Luzon Idand Arc,
on theleading edge of the Philippine Seaplate (Figure 25-3). The Coadtd Rangeisthus consdered asthe
northern continuation of the Luzon Idand Arc and the Luzon Trough to the south (References 2.5-30,
2.5-36, and 2.5-37). In Reference 2.5-30, it wias condluded that the Coastd Rangeisthe tectonized or
fossl part of the Luzon Trough which has drifted dightly westwards from the line projected northward
from the axis of the Trough.

The core of the Coagtd Range and the two offshore idands are underlain by Miocene volcanic rocks of
andegitic arc. Overlying the volcanic saries, the main part of the Coadtd Rangeis composed of imbricate
thrust shets of Miocene, Fliocene, and Flestocene volcanogenic and flyschoid rocks. Inthe dassca
geosyndind schemethe Coadd Range Would be Consdered to be eugeosyndind because of itstectonic
mohbility and seismidity, the thick flyschoid rocks, and the extensve distribution of volcanic rocks This
eugeosyndind bdt geologicaly contragts with the miogeosyndind fold-thrugt bt in western Taiwanin
the predominance of typicd flysch depogtion and abundance of volcanogenic and volcanidagtic rocks

Thegedlogy and tectonic characteridics of the Coastdl Range have been known in much detail snce
publication of ageologic map of the range in Reference 2.5-42 and an accompanying report

(Reference 2.5-39). Subssquent geol ogic studies have gppreciably improved early knowledge and
undergtanding of thistectonic province. Although there are severd dratigrgphic dassfication schemes
proposed by different workers, the nomendaturein Reference 2.5-39 has been widdy adopted duetoiits
practicability and priority. The generd dratigrgphic sequence pertinent to the andlyss of thetectonic
higory of the Coagtd Range is described in condderable detall in References 2.5-40 and 2.5-37. However,
the Coadd Rangeis dill amog chdlenging region and geologigs differ in their interpretation of its
dratigrgphy, tectonics, and igneous history.

Threetectonic subunits have been dassfied for the Coastd Range eugeosyndind bt on the tectonic mgp
of Tawan:

E3 Fio-Pagocene ophidlitic mdange
E2 Coadd fold-thrust zone
E1 Miocene and younger andesite

Each of these provinces waas geologicdly independent of the other until they were sructurdly tied together
by the plate callison a the end of the Tertiary (Reference 25-22). However, they are both characterized
by prominent folds and thrust faults, separated by a median fault-bounded narrow vdley that marksthe
collison suture.

Asfar asthe new globd tectonicsis concerned, Taiwan is Stuated on aconvergent and compressve
boundary between two mgjor tectonic entities, the Eurasian and the Phillippine Seaplates (Figure 2.5-5). It
digplaysthe reault of an active collison of an idand arc (the Luzon Arc on the edge of Philippine Seaplate)
with continentd margin of Ada(on the Eurasan plaie). The callisonisavery young tectonic event and
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the present rate of plate convergenceisabout 7 cmiyear in anorthwest-southeest direction
(Reference 2.5-43). Besdes undergoing acallison with the Luzon Idand Arc, Tawanisdso involved in
the tectonicsand thermd processes of the Ryukyu arc sysem at its northern end.

Tawan isanomdousin the arc-trench systems of the western Pacific becauseit lacks many characteridtic
festures of active arc tectonics Study of bathymetric deta.and Bouguer anomaies showsthereisno desp
seatrench on ether Sde of Tawan. Sysemdic active andesitic volcanismis absent dong thetrend of the
idand. Intermediiate and degp focus earthquakes are lacking and hypocenters do not dearly definea
Benioff zone or adegp subduction zonein the vidinity of Taiwan. In addition, Tawan ischaracterized by a
continent facing or west-facing arc dructure, as shown by its goparently reversed convexity, which is
contrary to mogt of the other idand arcs on the western Pecific. Elsawhere, dong the curvilinear boundary
between the Adan continent and the Pecific idand arcs, the Eurasan plate usudly overliesthe Padific plaie
or itssubplates. Generdly a Benioff zone is deve oped dipping toward the west and convex toward the
Pacific Ocean. Only in Taiwan and western Luzon isthe Eurasan plate overridden by the Pedific plate
(the Philippine Sea Subplate, Figure 2.5-5). 1n these two exceptiond regions, the Benioff zone dipstoward
the eadt or the Padific Ocean.

From late Pleigocene to the present, Taiwan has undergone significant verticd uplift. Theratesof uplift
have been measured through radiometric dating of raised cord reefs. The average uplift ratefor southern
Tawan and the Coadtdl Rangeis about 5 mmyear for the last 9000 years. Rates of uplift in the northern
coadd areaarefrom 2 mmyr (1500BP to 5500 BP) to 5.3 mm/yr (5500 BP to 8500 BP). Theraesare
sgnificantly lower in northern Taiwan sinceit islesstectonicaly active. The high uplift in eesern and
southern Taiwan is conggtent with idand arc callison and high seiamicity.

2.5.1.1.3 Major Structural Features of Taiwan
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Asshown on Fgure 2.5-6, Taiwan liesamong the idands that festoon the western border of the Padific
Ocenn. It thusexhibits al the conspicuous Sructurd features characteridic of anidand arc. Themain
dructurd pattern of theidandisthat of an eongated arc convex toward the Adaic continent, having a
much longer south arm and short northeest arm. The Taiwan arc is bounded on the east by the Philippine
Seabagn and on thewest by the old massif of Cathaysathat forms the southeestern part of the Asa
continent.

Contrary to mogt idand arc gructuresin the western Pedific, the Taiwan areis convex toward thewest or
the Chinamainland and concave toward the Padific Ocean. Thisweserly convex arc is Stuated between
the eagierly convex Ryukyu arc to the north and the Philippine are to the south, whose southern part isalso
convex toward the eest. There have been different interpretationsin the geologicd literature asto the
meaning and sgnificance or thisreversed and peculiar arc Sructurein Tawan.

Thedgructurd patern and mgor dructurd linesin Taiwan conform dosdly to this arcuate Sructure of the
mainidand. Therocks generdly trend eest-northeast dong the northern short bend of the Taiwan arc.
They drike north-south or north-northeest dong the major south arm of the arc. During much of the
geologic pad, the Tawan region was ageosyndine. The growth of thisgeosyndind sysem hasalong and
complicated higory. More discusson continuesin Subsection 25.1.1.4.
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Asdiscussed inthe previous section, dl these mgor geologic and tectonic provinces of Tawan are
separated from each other by longituding faultsthat extend aong the whole length of theidand. They are
mainly degp-reaching upthrusgts dipping Seeply eestward (Reference 2.5-30). At least some of the thruds
have adrike-dip component. Thesefaultsindude the Chuchih fault between the western foothills and the
Hsuehdhan Range, the Laonung fault (south continuation of the Chuchih fault) between the western
foothills and the Backbone Range in southern Taiwen, the Lishen fault between the Haudishen Range and
the Backbone Range of the Centrd Rangein north and central Taiwan, and the Central Range fault and
the Coagtd Rangefault on the west and east Sdes of thelongituding rift valey in eesern Tawan.

2.5.1.1.4 Stratigraphy and Geologic History of Taiwan

Themainidand of Tawan hasbeen the Ste of geosyndind deposition on ametamorphic basementt filled
with Tertiary sedimentsto thickness of more than 10,000 m. This geosyndind trough mantainsagenerd
north-soutth trend. The axis of geosyndind deposition has been dhifting progressively wesward with
uccessve orogenic episodes. A condderable part of the Tertiary sedimentsin the Taiwan geosyndine has
been subjected to different grades of induration or metamorphism. Largeigneousintrusonsarerare, but
there are saverd important volcanic areasin northern Taiwan, eastern Tawan, and the Taiwan drait.

All the rock formations on the main idand of Taiwan occur inlong narrow bdtsroughly pardld tothe
longituding axisof theidand. Theserocks are progressively younger in age from the central backbone
rangeto the western foathills. The prevaling Sructurd pettern of al therocksisthet of an ongated arc
with its convexity fading thewest or the Agtic continent. The northern shorter bend of the arc Strikes east-
northeest and the southern major am of the arc extends mainly north-south. All the mgjor sructurd lines
in Taiwan, induding the important faults and fold axes, correspond fairly well to thisarcuate Sructure
throughout thewholeidand (Figure 2.5-7).

25.1.1.4.1 Metamorphic Complex

The oldest basement rocksin Taiwan cong st of the metamorphic complex extending dong the eestern
dopeof the Centrd Range This metamorphic bet ismeade up of severd kinds of schigsand
metamorphosed limestone with subordinate amounts of gneisses and migmaiteswhich arefound mosdtly in
the northern part. The schigts can be differentiated into three main categories: green schigs black schigts,
and dliceous schigs. The metamorphic complex is generdly divided into two bdts: an eest bdt of black
schigswith alittle green schisgsand awest bdt of interlayered black schigs, green schids, and siliceous
schigs Meamorphosad limestone, gneisses, and migmaites are found mainly in the west belt. Scattered
exposures of mafic to ultramefic rocks modly dtered to serpentinite, arefound inthe eest bdt. These
rocksweretrandormed from origina beds of sandgtones sltstones, shales, limestones, and mfic volcanic
to ultramafic rocks They are poorly dated dueto lack of fossls A few fusulinids found in the marmorized
limestone of this metamorphic series have been proved to be Parmian in age (Refarence 2.5-54). The
metamorphic complex isconddered as pre- Tertiary in generd, possibly ranging in agefrom Late
Pdeozoic to Mesozoic. Thismetamorphic complex could be composed of acomplicated mass of
undifferentiated rock formations with varying geologic ages and induding severd periods of mgor or
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minor tectonic movements and igneous adtivities It represantsthe oldest phase of geosyndind
development in Taiwan.

25.1.1.4.2 Tertiary Deposits

25-10

The metamorphic complex forms the basement of the Tertiary geosyndine of Taiwan which isthe second
generation of ten geosyndind trough. The earlies sedimentslaid down inthe Tetiary geosyndineare
dominantly dark argillaceous sedimentswhich were later indurated and metamorphosad, forming athick
dark gray agillite date-phyllite series (References 2.5-16 and 2.5-17). Sandy interbeds are locdlly found in
thisargillaceous sries and in places dternations of argillite or date and sandgtone are wel-developed. The
sandgoneis highly indurated locally gpproaching aquartzitic texture. Intercdaed in thisargillite date
seguence are d o thick to medium beds of coarse-grained to medium-grained indurated to quartzitic
sandgtone, containing cody or carbonaceous layers and dark gray shdeinterbeds. Thewhite sandstone
and carbonaceous fades are more common toward the northwestern part of the argillaceous bdt which is
locdly cdled the Hauehshan Range where two carbonaceous units are distinguished. Basdltic pyrodadiics
and minor lavaflows are common in some parts of thisargillite-date bdt. Smdl disseminated limy to
marly lensesand thin conglomerate layers are dso intercolated in the daty rocks All theserocksare
exposad dong the crest zone of the Centrd Range and itswestern and southesgtern flanks.

Fossls are sparsdy didributed in this undifferentiated metamorphosed shay sequence The prominent
organiams are forminifers and maollusks. Ther ages extend from Eocene to Miocene (Reference 2.5-44).
However, convindng Oligocene organiams are rare. Recent findings on the basis of mollusk faunas show
that Miocene organisms are more dominant than the Eocenefossls Thusalarge part of the argillaceous
rocks could be of Lower Miocene age (Reference 2.5-46). Eocene foraminifers, on the other hand, oocur
modly inthe Y ushan Range and south and dso in the midd e crest zone of the Centrdl Range. However, it
isvery difficult to subdivide thisthick shaly sequence into adequate mappable unitswith exact age
assgnment due to the monotonous lithologic succession, paucity of fossl, complicated Sructurd fegtures,
and lack of recognizable datum planesfor regiond corrdation.

Fvelithodratigraphic units can be disiinguished in the Hsuehshan Range cod-bearing formations and
three argillaceous formations which are composad modly of argillites, dates, and phyllites. Based onthe
dudy of foraminifers, the age of these formations has been ascribed largdy to Oligocene and Eocene, and
partly to Lower Miocene. However, recent mollusk Sudiesindicated that the age of the upper three
formationsis mosily Lower Miocene (Reference 2.5-46). Only the lower carbonaceous unit may contain
Oligocene faunas and the lowest date formation ismogt likely Eocene.

The highest part and the southern part of the Central Range are gedlogically the leest known aressin
Tawan. Only widdy spaced route traverse mapping was carried out in these areas because of rugged
topography and difficult accesshility. Although these two areas cover quite alarge extent in the Central
Range, only two broad dratigrgphic units are distinguished on the map : The Miocene Lushan Formation
and the Eocene Hankao Formation. The chief lithology of the two formetion isdill represented by
metamorphosad argillaceous sediments, dates and phyllites, dthough sandgoneinterbeds are more
dominant in the latter formation. Their sructurd and gratigraphic rdationsto the dates and phyllitesinthe
Hsuehshan Range are il uncertain. These two formations could be in an unconformable contact (Chang,
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1972) because there isan gpparent dratigraphic gap on the map with no Oligocene between the rocks
mapped as Eocene and Miocene. Y & no good evidence of any angular discordance has been discovered
except adight bregk recorded in some places

Non-metamorphosed Neogene rocks are exposed on the western flank of the Central Range, and extend
undernegth the western coadtd plain. Only fault contacts are known between the non-metamorphosed
Neogene rocksin the western foothills and the metamorphased Miocene to Paeogene argillaceous
sedimentsin the Centrd Range. The dratigraphic and dructurd relaions between these two Tertiary bdlts
aredill not dear. Asthe non-metamorphsed Neogene rocksin the western foothills and the
metamorphosed Miocene to Paeogene argillaceous sedimentsin the Central Renge differ markedly in
degree of deformetion aswe| asin lithofacies, they could have been deposited in two separate bagns of the
same geosyndind cyde: an eegtern basan and awestern basn possibly with an intervening highland. A
pronounced crugd disturbance may have taken place over alarge part of the Taiwan geosyndinein mic-
Tertiary time and affected modtly the eestern basin. This movement uplifted and trandformed the Miocene
and Pdeogene argillaceous sedimentsin the bagin into a cordillerawhich isthe present Centrd Range. The
pre-Tertiary metamorphic basement was a o brought up dong its eestern dope. Low-grade
metamorphism accompanied this orogeny but no large igneous intrusion was recorded. Pogt-orogenic
Neogene transgresson was diverted into two separate basins on the west and the eedt of this Central Range
cordillera

The western Neogene basin exigted as ashdlow depresson recaiving Early Miocene sediments before and
during the mid-Tertiary orogeny. After the orogeny, the axis of depodition of the Tawan geosyndine
shifted wesward into this negeative areafollowing the uplift of the Centrd Range. Thisareathen became
the main dte of continuous Neogene sedimentation in western Taiwan.

In the opinion of some geologists, the Paleogene and the Neogene sedimentsin western Taiwen are
continuous (References 2.5-47 and 2.5-48) because no digtinct evidence of unconformity and coarse
orogenic sediments have ever been found in the Tertiary sequence. Only the axis of sedimentationin the
Tertiary geosyndine was shifting congantly wesward with upheavd of earlier formed sedimentson the
ead. The difference in degree of metamorphism between the Miocene to Paleogene ssdimentsin the
Centrd Range and the Neogene rocks in the western foothills may merdy reflect the great depth to which
the old Tetiary sediments on the east were depressed and buried. Deep burid means grest lithodtatic
pressure and hence higher degree of induration and metamorphism. These gedlogigs bdievethemain
orogenic disurbancein the Tawan geosyndine possibly took placein Late Fliocene or pog-Fliocenetime.

The western Neogene basin was the Ste of continuas shdlow-water sedimentation to an accumulated
thickness of 8,000 m or more. The Miocene sediments may be divided into two types on the basis of
inferred depogitiond tectonics: the shelf type and the geosyndind or bagn type The draiaof the shef
type are characterized by near-shore depogits of mixed marine and continenta origin. They aremainly
white arkogc sandstones, cods beds, dark shdes, and thininterlaminations of Sit, day, and sand. The
drataof the basin type were depodited under conditions of grester subsdence and rgpid accumulaion and
areexdusvdy maine They arerepresented by poorly sorted dadtic sedimentsin amonotonous ssquence
of dternating ca careous sandstones subgraywackes, and dark shaes These two types of sedimentsare
usudly ininterfingering or intertonguing reationships and occur in repetitive successon in the northern
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part of thewestern basin. They are characterized by three Miocene cod-bearing formationsin rhythmic
dternation with bagn-type marine formations, forming three sedimentary cydesin the Miocene of
northern Taiwan. In each cyde, one cod-bearing formation is overlain by an intervening sequence of
mainedraa. Submarine volcanic eruptions made up of basdtic tuffs, lavaflows and other tuffaceous
sediments are found in the Miocene formations of dl thesethree cydes They are mog wel-developed in
the Lower Miocene of northern Taiwan.

The exposed pliocene sedimentsin northern Tawan are mainly marineand of geosyndind facies The
lower divison is composad of dark gray shde or mudstone sequence, while the upper divison is composd
of dternating beds of shdles, sltsones and fine sandsones Marinefossls are abundant in the rocks.

A marked changein the character of Neogene sedimentation in southern Taiwan isobvious In generd the
Neogenerocks are progressvely thicker and more shdy and of finer grain sze from northern Taiwen
toward southern Tawan (Reference 2.5-49). The Miocene rocksin southern Tawan are marked by the
gradud absence of Shdf facies (cod-bearing formations) to the exdusve development of basnward
mainefades Thisindicatesthewater in the basin was degpening southwards. The main lithologic types
of the Neogenein southern Taiwan are represented by aternating successon of dark gray shdeor
daygone, mudgone, and alittle sandstone. A mudstone saries of more than 4,000 m thick was piling upin
southern Taiwan during the Fliocene time. This mudstone represents ameass of submarine dump or
mudflow probebly causad by turbidity current in the southern part of the Neogene basin. Some biohermal
to biosromd reef limestone bodies are scattered in the Fliocene to Upper Miocene rocks of southern
Tawan.

The Neogene geosyndind sedimentation in western Taiwan ended with the depogtion of Late Flioceneto
Early Flestocene conglomerate which predudestheincipient phase of amgor orogenic parozysm. Strong
and widespread orogenic movement occurred during and after the accumulation of this conglomerate
formation in Early Plagocenetimein thiswestern bagin. Didinct pog-orogenic depodits are represented
by the lateritic and nonlateritic tableland gravd which coversand extensve arealin dl parts of western
Tawan. Southward the newly emerged Taiwan idand was surrounded by seawater and reef limestones
were formed around its southern rim. Thisisthe Pleiiocene organic limestone unconformably overlying
al older formationsin southern Taiwan.

After the Early Pleisocene orogeny, the Neogene rocksin the western basin were deformed by a
combination of folds and thrugt faults. No metamorphism and no plutonism took place. Tight and
asymmertric folds and low-angle nearly parald antidines and syndines, usualy bounded by longituding
thrug faults Asageneard rule, the antidines mosily have agiegp or overturned northwestern flank and the
syndines have geep or overturned southeedtern flank. A series of southeast-dipping imbricated thrust
blockswasformed. Many of them arelow-angle thrusts or nappestracesble for along digance The
deformation was characterized by laterd compresson from the eest, and perhaps assisted largdly by the
influence of gravitationd forces

Thisimbricate thrust zone may be ddimited in thewest by severd continuous en echdon sole faultswhich

aretheleading tectonic linesin western Taiwan. These solethrugtsform asructura front dong which the

srongly deformed thick geosyndind sequencesin thefold and thrugt bt of the western foathills gave
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place to gently warped thinner sedimentsin the ford and toward the west. West of this sructurd front,
typica fordand Sructures are recognized. Broad and gently folded Sructures are predominant. Faulting is
a0 lessprevdent and of amdl magnitude.

Although the rocksin the western foothills are strongly folded and segply dipping, no formations older
then the Lower Miocene areinvolved in the folding. The pre-Neogene basement has gpparently not been
affected or little disurbed by the tectoniam. This showsthat the Neogene rocks were deformed
independently and sheared off from dratigraphically lower formation. The existence of this decollement
urface underlying the imbricated fault zones has been recognized. It is adetachment plane ssparaing the
Neogene sequence from the pre-Neogene basement. Thrugting and folding in the western foothills are thus
reldively shdlow and affected modtly the uppermod part of the crud. Thisfavorsthe gravitationd gliding
theory in the tectonic interpretration of western Tawan (Reference 2.5-31).

During and &fter the Early Ple@stocene orogeny, andesitic volcanic eruption took placein northern Taiwan
and dso in the northern and northeegtern offshoreidands. The volcanic activities formed two important
volcano groupsin northern Taiwan : the Tatun volcano group in the west, characterized by andesitic
flows, and the Chilung volcano group in the eest, marked by dacite flows and associated gold and copper
depogits (References 2.5-27, 2.5-28, and 2.5-18). Almodt at the same Plastocene time, platesu basalt was
extruded out from the fissures of the Fleitocene to Neogene sediments on the Penghu idand group inthe
Tawan Strait. Extensve basdltic lavaflows cover the entireidand group except one southwest idet. The
lavaflowsformed typicd mesa-type landforms These volcanic flows seem to belargely anorogenic.

The present Coadtd Rangein eestern Taiwan isthe site of a Neogene geosyndind basin esst of the
Centrd Range and separated from theletter by rift valey. The early geologic history of the eestern baginis
little known because it is represented now only by anarrow grip of the Coastd Rangewhichisfault-
bounded on both sdes Different sedimentation facies and geologic history have been recognized in the
eagiern Neogene basin as compared with the western Neogene basin. Al the depogtion in the Coagtd
Rangeistypicaly geosyndind (Reference 2.5-39). It isdso characterized by moreintense igneous
activities The eruption of widespread andesitic lavaflows marked the beginning of the Early Miocene
higtory inthiseedt basn. These andesttic flows form and igneous complex of composite activities exposed
mainly in the middle part of the Coagtd Range covering an areaof nearly 22 sg km.. Small outcrops of
thisigneous complex are dso found in other places of the Coastdl Range. The two southeagtern offshore
idands, Lutao and Lanhsu, are dso formed of this andedite and this pyrodadics. The eruption of the
andesite was followed by the accumulation of athick seguence of andesitic agglomerate and other
tuffaceous sediments reaching 1,500 m thick. Overlying thisvolcanic series are Upper Mioceneto
Hiocene dadtic sediments represented by dark gray shdy rocks, poorly sorted sandstones, and
conglomerates These sediments attain agreet thicknessof 3,000 m. Limestone lensesyidding Early
Miocene foraminifers are present in places at the contact between the thick agglomerate seriesand the
ovelying dadic sediments indicating that the agglomerate formation ismodtly of Early Miocene age
Numerous primary sedimentary structures caused by penecontemporaneous deformation and possble
turbidity current depostion have been found in these dadlic sediments

25.1.1.4.3 Late Pliocene-Early Pleistocene Orogeny
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The Early Plastocene orogeny brought up awidespread emergence of theland arealin Tawan. In
Plagocenetime, locd marine transgression ill took place over many areas on the borders of therisng
land area. Reef limestone kept growing around therim of the early emerged Taiwan idand, mainly onthe
Hengchun peninsula In other places mainly continenta detritus were laid down. Laeritic to non-lateritic
terrace grave covered acondderable part of thisidand, unconformableto al older rocks Probably asa
result of extendond rdaxation of compressond forces after amgjor orogeny, mild and intermittent
regiona uplifting, block faulting, broad warping, and tilting are characteridic of the Flegtocene higory in
many places Tawan liesin the mobile bat of young tectonic activities A continuation of crusta mahility
from the Early Pleisocene orogeny to the present is manifest. The frequent occurrence of earthquake
shocks aso indicates crugta unrest up to recent time. Strike dip faulting and recurrent displacement aong
exiding ruptures are common after each large earth movement.

A chaotic and non-dratified, muddy to dayey formation containing many exatic blocks of different Szes,
ages, and lithologies was probably emplaced in Late Hiocene to Early Pleisocenetimein the Coadtdl
Range (Reference 2.5-51). Thisformation may have resulted from asubmarine gliding in which massve
mudflowswith various Miocene and Pliocene rock fragments and exatic blocks of an ophidlite suite did
down aong the surrounding highlands. Thismassve chaotic unit isatypicd meange induding aoundant
blocks of oceanic crust and upper mantle materid. Early Pléstocene may be thetime of mgor orogenic
episnde in eegern Tawan. Alsoin the Late Flioceneto Early Pleésiocene time, amassive piedmont
deposit waslad down dong the eegtern front of the Centrd Range, generdly intertonguing with the
chaotic meange formation toward the eest. Fault contact between these two formationsis recognized
aong the Longitudina Valey. The piedmont deposit is represented by aconglomerate formation which
cropsout mainly in the hill Pinanshan northwest of the Taitung dity.

It iscomposed of pebbles derived from the metamorphic complex of the Centrd Range west of the
Tatung valey. Totd thicknessof the conglomerate is estimated to be nearly 1,400 m. After the Early
pleistocene orogeny, the sedimentsin the eastern Neogene geosyndlinal basin were folded, faulted, and
uplifted into mountains.

The Neogene rocksin the Coagtd Range werefolded into subpardld antidinesand syndlines cut by
severd longitudind faults Thetectonic characterisicsis marked by the predominance of dlochthonous
dements Two huge gliding masses cover alarge part of thisRange. Thelower oneisthe Lichi meange
In eegtern Taiwan, thisisthe youngest melange known in the world that has not been subjected to any
deformation and metamorphiam after itsformation. 1t shows exactly the nature and characteridics of a
typicd meange when it wasfirg laid down without further modification and deformation. The second
gliding massisthe Coadd Range ngppe overlying the Lichi melange. Itstotd length could be nearly 100
km, approximatdy covering the southern two-thirds of the Range.

2.5.1.1.4.4 Quaternary

2514

The Quaternary deposits are mainly surficid venearsand valey or baan fillings condgting of fluvid,
lacudrine, or marine sediments. They show such landforms as coadtd or river terracesand dluvid plains
The Pleigocene depodits are represanted largdly by terrace depodtswhich are extendgve intheralling hills
and coadd terraces of western Taiwan and the Hengchun peninsula. A uniform sequence of terrace
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development is recognized in western Taiwan, remarkably dissected into severd terracelevds. Thetearrace
deposits occur dso in severd inland badins, the eagtern longituding valey, and some offshore idands

The problem of the gratigraphic boundary between the Fliocene and the Plestocene drata has been
discussed very often but has not been solved asyet. Itisavery difficult task to esteblish the divison of the
Quaternary depogtsin Taiwan where the glaciation was extremey poor and continuous zonation on
mainefaunasisincomplete The Toukoshen Formation isthe oldest Fleisocene unit in Tawan and is
didributed extensvey in western Taiwan.

The Toukoshen Formation is chigfly early Rleistiocene but may be Latie Fliocenein part. Thisformationis
tentatively ascribed to Flio-Fleisocene. The next older Flestocene unit isthe Tananwan Formation which
is believed to rest uncorformably on the Toukoshan Formation and other dlder units Al the Pleistocene
rocks younger than the Tananwan Formation are generdly fla-lying. They are unconformableto the
Toukoshen Formation or other Tertiary drata (Reference 2.5-21).

Lin (References 2.5-10 and 2.5-32) was the first geologist to summarize the Quiaternary geology of
Tawan and dassfied the Quaternary sedimentsinto alarge number of rock units. However, some of
these units il have unknown rdations to one another and pose problemsin accurate corrdaion. Much
sudy will berequired to synthesize the fragmentary data of the Quaternary depositsdidributed in widdy
separated parts of Tawan before asatisactory dassfication scheme can beatained. The presant
cdasdfication of the Quaternary depogitsismore or less hypothetical and involves many problemsto be
solved by future Sudies

Basad mainly on mgppatility and lithology, the Quaternary depositsin Taiwan are subdivided into Sx
main divisons on the present map: four in the Aleigocene and two in the Recent or Holocene: Other
Plagocene deposits which are exposed only as small isolated outcrops or not of mgppale gnificance are
not shown onthemep. Therearedso alarge number of Holocene units proposad in Reference 2.5-10.
These unitsare generdly too thin and limited in oocurrence to be mappaile.

2.5.1.1.5 Volcanic Deposits of Northern Taiwan

Two important plestocene volcanic eruptionstook placein northern Taiwan. They resulted inthe so-
cdled Taun Valcano Group and Chilung VValcano Group. However, no valcano isknown to be activein
Tawanin the higtoricd record, but these volcanoes may not be entirdy extinct as geothermd evidenceis
dill extensve there.

The Tatun Volcano Group Comprises asaries of andesite volcanoesin the northernmogt part of Taiwan,
the nearest being 15 km north of Taipe City about 40 km from Ste. About 20 volcanoes and volcanic
conesareincluded in this group. Craters may or may not be presarved a the summit of the cones A few
have been eroded to craterless vol canoes or were erupted as volcanic domes due to high viscosity of the
lava Thisgroup of volcanoeswasbuilt by successve eruptions of andestic flows, valcanic ashesand
coarsepyrodagic gecta They aremainly srato-volcanoes built on aMiocene basement. The most
common andesitic lavasin the Tatun Volcano Group are augite andesite, hornblende andesite, and
hyperghene andesite or combinations of these
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The Chilung Volcano Group isfound in the Miocene rocks on the northesstern coagt of Taiwan and tothe
eedt of Chilung harbor and distance from the Site of aout 10 km. Thisgroup ismainly quartz andesite or
dacite flows and some pyrodadics  Ore-forming fluids accompanying the dadite intrus ons have depodited
vauable gold and copper oresin the host rocks or at the contact margin, forming the three famous gold
and copper production areas at Chinkuashih, Chiufen, and Wutankeng. The age of the mogt recent
volcanic activity isabout 0.290.10 Maaccording to the dating evidence (Reference 2.5-50).

2.5.1.2 Site Geology

Detailed surface and subsurface geological and geotechnicd investigations pertinent to the ssfety, design,
and condruction of anudear power plant have been undertaken & Yenliao Ste. A surfaceregiond
geologic mapping covering the Ste areaand its vidinity was carried out by Mr. S, .F. Tsan, Centrdl
Geologica Survey of Tawan (Reference 2.5.51). More thorough geologic mapping to confirm the results
of the said regiond geologic mapping for the Ste sdection Sudieswas parformed by thejoint efforts of
Tawan Power Company and Bechtd geologists. 1n 1988, the Central Geologica Survey published a
seriesof geologicad mapsfor northern Taiwan, induding the Ste area (Figure 2.5-8). In 1994, the
Geological Society of Chinaaso presented ageological map of Aati areain itsstudy (Figure 2.5-9)
(Reference 25.7).

According to the reports (Reference 2.5-53), the foundation rocks of the Ste are Wentzkeng formation (or
Taungshan formation) and Mushan formation, mainly congging of indurated argillite with sandsone and
akosc ssndgonewith Sltsoneor shde Thelithologic characterigtics of Wentzkeng formation and
Taungshan formation aredmod the same. Previous sudies have corrdlaed Wentzkeng formation with
the Tatungshan formation, and Mushan formation as Wuchishan formation. The ratigrgphy and
corrdaion will bediscussed in detall in Section 25.1.2.2

2.5.1.2.1 Physiography

25-16

TheYenliao SiteisStuated on the northeest coadt of Taiwan where the Hsueshan Range sub-province of
the Centrd Mountain Range meatsthe Padific Ocean.

Thetwo principd drainagesin the areaare the Kedung-ho and the Shuang-Chi Rivers The Shung-Chi
follows agenerdly eas-west course discharging into the Padific & Fulung about three km southeest of
Yenliao ste (Figure 25-9). The Chi-lung River, farther from the Ste, flowsin an eeg-northeadt direction,
then abruptly veers back to the west whereit dischargesinto the Tandhui River inthe Taipel basin. The
Shuang-Chi River gpproaches the areaflowing esst-northeest dong along sructurd valey which
terminates at the town of Shuang-Chi about 6 kmwest of Y enliao. Heretheriver turnsto the south, then
resumesits eegterly course, passing Kungliao and discharging to the ssaa Fulung. The gradient of the
Shuang-Chi River isvery low. Mr. T. L. Hsu, former acting director of the Central Geologicd Survey,
reported in a paper on the neotectonic sgnificance of fluvid landforms (Reference 2.5-38) that the
Shuang-Chi River isgraded for 74% of itstotal length. This suggestsalack of strong regiond uplift in the
Shuang-Chi drainage basin in the recent geologic pedt.
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Within 5 miles of Y enliao, the area.can be divided topographicaly into two parts: that north of the
Shuang-Chi River, and thét to the south of the river (Figure. 2.5-8). The northerly part, which indludesthe
gte, ischaracterized by ridges and valeys deved oped in agructuraly complex sequence of sedimentary
rocks Dip dopes are gentle, and anti-diip dopes are often very segp when deveoped dong jointing in
resgant beds Overdl, the geomorphology may be described as"middle-age™ being somewhere between
youthful and meture. The highest hill resches amaximum devation of 301 m, gpproximetdy 3 km west of
the dte. The areasouth of Shuang-Chi River can be dassified as having youthful topographic feaiures,
partly dueto more resgant lithologies present there, and partly dueto aprobably higher rate of uplift
during early Plestocene time, resulting from activity on the Chuchih fault. The oldest rock unit south of
theriver, and the one which often hasthe contralling influence over topographic deve opment, condgs of
very well indurated Sltstone which has been locally metamorphosed into argillite. Quartzite bedsaredso
present inthis unit. Theresult of the early Pleastocene uplift isthe development of deeply-incised, Segp-
Sded drainages and angular pesks.

The proposed dteisadjacant to the coast and isStuated in an areaof gentle undulating hillsand terraced
rice paddies, covering goproximatdy 200 hectares or 2 g km (Figure. 2.5-10). The Units 1 and 2 Power
Block areaislocated in the southern portion of the Site, and occupies about 182,400 sg m. The center of
the Power Block areais about 600 m form the shordine. The ground surfacein the Power Block area
vaiesdightly in devation, averaging about 12 m above mean sealevd. Thedteis named ater Yenliap, a
very smdl village located near the Ste. The Units 1 and 2 Power Block arealistraversed by asmdl
perennia sream which flowsto the ocean. The coadt isgentle and concaveto thewedt. It is characterized
by outcrops of gltsone and sanddone, and sandy beaches

25.1.2.2 Stratigraphy

Within 5 miles of the Ste, the rock formations exposed are mainly the sadimentary rock from Oligoceneto
Miocenein age and some Plastocene volcanic rocks and detritus

The sdiments depogited a the Ste during late Oligocene through early Miocenetime were divided into
seven lithodratigraphic units The Oligoceneis represented by the upper portion of the Tatungshan
Formation. Thisrock unit isvery thick in other parts of Taiwean, but only asmal portion isrepresented a
the gte South of the Chuchih fault, in the Centra Range Province, the Tatungshan Formation (Oligocene)
isthelowermog unit dudied. 1tisconformably overlain by the Nankang Formation, in turn comfortably
ovelan by the Fangchiao Formation (both Oligo-Miocene trangtion). North of the Chuchih fault, inthe
western Foathills Province, the name Tatungshan Formation isretained asthe lowermodt unit Sudied. It is
conformably overlain by the Wuchishan Formation, which in turn isoverlain by the Mushan Formation.
Both of thesetwo unitsare placed in the Oligo-Miocene trangtiond zone. The Tdiao Formation
(Miocene) conformably overlies the Mushan Formation, and the Shilhti Formetion (Miocene)
comformably overliesthe Tdiao rocks The corrdation of the dratigraphy by different gudiesintheste
aeaaeligedin Table 2.5-3. Thelithologic festures of these formations are described in the following
subsection.

25.1.2.2.1 Tatungshan Formation

Geology, Seismology, and Geotechnical Engineering 2517



LUNGMEN UNITS 1 &2 Preliminary Safety Analysis Report

Thisisthe oldest unit exposed inthe Stearea. The lower part of thisformation is composed of dark gray to
black argillite dosdy interbedded with gray fine-grained sandstone and muddy sltstone. Contact between
the argillite and the sandstone or muddy sltgtoneisrather trangtiond. The upper part of theformetionis
represented largdy by dark gray compact argillite and sandy shaewith fewer interbeds of sandstone or
muddy dltsone The argillite and muddone are commonly massve when wet but show good fissility and
deavage surface on drying. Bedding isusudly indidinct but fracture and daty deavage are more or less
developed. References 2.5-56 and 2.5-53 named the rock formation &t the Ste as Wentzkeng Formation in
the northern part of Chuchich fault and Tatungshan Formation in the southern part (Figure 2.5-8). Later, it
was confirmed that the formation exposed & the gteisidentica with the Tatungshan Formation (Figure
25-11). Thetotd thickness of the Tatungshan Formation isesimated in the order of 1,500 m or more
(Reference 2.5-21).

2.5.1.2.2.2 Wuchishan Formation

According to Reference 2.5-21, the Wuchishan Formation is the oldest Miocene unit exposed in northern
Tawan and Mushan Formation conformably overlies the Wuchishan Formetion a atrangtiond contact.
Lithologicdly the Mushan Formation is guite Smilar to the underlying Wuchishan Formation and
differentiation of these two unitsis often very difficult. Therefore PECL/TPC (Reference 2.5-6) named
the rock exposed a the northern part of Chuchih fault asthe Wuchishan Formation.

Thisformation ismainly the massve to thick-bedded, white, medium-to coarse-grained sandsone, The
sandgone ismogdly orthoquartzite or protoquiaizite and partly fedspathic sandsone A few medium beds
of conglomeratic sandstone occur in the lower and upper partsand grey to light bluish grey subgraywacke.
Sandgoneisfound inthe midde part. Dark grey shde and dternations of ssndoneand shdeare
interbedded with the white sandtsone. Coaly to carbonaceous lentils or dreeks are scattered in the dark
grey shdebut of no mining vaue The exposad thickness of thisformation dong the northern coagt is
about 1,000 to 1,400 m (Reference 2.5-53).

2.5.1.2.2.3 Mushan Formation

Lithologicdly, the Mushan Formation is quite Smilar to the underlying Wuchihshan Formation and
differentiation of these two unitsis often difficult. In fiedd mgpping athick bed of dark grey shde exposd
in the upper part of the Wuchishan Formation is conddered as agood horizon marker to indicate the base
of the Mushan Formation. The shdeis goproximately 40-50 m thick. White orthoquartzite to
protoquartzite ssndgtone is il predominent in the Mushan Formation and the sandgoneis commonly
cross-bedded. However, the sand grainsin the Mushan sasnddone are finer and less compacted then those
in Wuchishan sandstone. Dark grey hde or carbonaceous shde and interlaminations or interbeds of
sandgtone and shde are the other characterigtic rock typein the Mushan Formetion. Thetotd thickness of
theformation is nearly 650 m in the measured section dong the northern coag.

2.5.1.2.2.4 Taliao Formation

Thisformation is cheracterized by its monatonous sequence of thick-bedded to massve sanddone
dternated with thin and thick beds of shale and sity shde, the ssnddone-dhderatiobang 1:1 or 1.5:1. The
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sanddoneislight grey tolight bluish grey and fine-grained mostly subgraywacke or graywacke and partly
protoquartzite Theshdeisdark gray and ismore prominent in the lower part. In northernmost Taiwan,
one cacareous sandsone member of 50-60 m thick occursin the middle of the Tdiao Formetion. This
thick sandsone member often forms sdient homodind ridges and invariably condtitutes mogt of the
headlands or promontories dong the northern coadt. Tdiao Formation is divided into three membersin
geologic mapping. Both the upper and the lower members are compasad of thick-bedded sandgone
dternating with dark gray shdeand siity shdeyidding abundant marinefossls Thethicknessof the
Tdiao Formation in northernmost Taiwan is 500-550 m.

2.5.1.2.2.5 Shihti Formation

Thisformeation, more spedificaly condgts of sandstones, sltstones, shdle, and thin cod beds The
characteridtic rock typeisalamination of sandgtone, sltstone and shde represented by irregular bands of
white st or sand and dark gray shderanging in thicknessfrom afew millimetersto severd centimeters.
Theseinterlaminated beds are digtinctive of a.coedtd tidal-flat to lacudtrine environment. The shaleisdark
gray or grayish black and often carbonaceous. It gradesinto daysone wherethefisslity disgppears The
sanddoneis modlly fddspathic, light gray to white, and fine-to medium-grained. Massive and thick white
sandgonein thelower part of the formation often forms precipitous scarps and provide good lithologic
markers. Cod beds and layers are abundant throughout the whole formation.

2.5.1.2.2.6 Volcanic Rocks and Detritus

About 5-10 km north of the Ste there are some vol canic detritus and igneous rock forming the so-called
Chilung VVdlcano group. Theigneous rock ismainly quartz andesite or dacite flows. Ore-forming fluids
accompanying the dacite intrusions have deposited va uable gold and copper oresin the hogt rockswhich
were the famous gold and copper production in the northern Taiwan. Tuffaceous materid and some
pyrodadtic rock are didributed around the doping area.of Chimuling. According to the recent Sudy, the
age of volcaniam isabout 900,000 years.

25.1.2.2.7 Recent Sediments

Teracesand dluvid deposts and some sand dune are exposed dong theriver banks and coast area. They
aemanly gravd, sand, Slit, and day.

25.1.2.3 Geologic Structure

Thegeologic dructure of the Ste areaisrather complicated. There are many horizontal and plunging
antidines and syndines and agreat number of faultsand folds thet strike NEE to EW or NW to NS The
Sructurd evalution of this complicated expression can be outlined briefly asfollows During early
Oligocene, the areawas under agage of regression. From Oligoceneto early Miocene it wasinvaded by a
transgresson. Later in early Miocene there occurred abroad regresson, forming a pardic depogt of grest
ared extent (the Mushan and the Acti Formations).
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During Miocenetime, the Foothills underwent three complete cydes of regression and sucoesding
transgresson. The Hauehshan Range terrain, however, began to rise, with the Chuchih fault asitsfront or
leading edge. Since the Flio-Flestocene, the Philippine Sea Alate began to move northwestward and
collided with the Euresian Plate. Thisisaso the collison of the Ryukyu Arc with the Asan Continental
margin. The collison resulted in the subduction of the Philippine Sea Plate undernesth the Eurasan Plae
aong aBenioff zone that dips goproximatdy 50 degreesto the north. Because of thisdrong plateto plaie
convergence, the very thick pile of sedimentary formationswere folded and faulted. Meanwhile, magma
resulting from partid mdting of the subducted oceanic plaie welled up and formed the Chilung Volcano
group. Thusthe Chilung Vol canoes represent the product of arc magmeatiam; hydrothermd solutions
derived from differentiation of magmea contributed to the famous gold and copper depogitsinthe
Chinkuaghih area,

25.1.23.1 Folds

Themod prominent fold within 8 km of the Steisthe Yintzula syndine Thisregiond dructure extends
for tensof km in northeast Tawan and has been decribed in Reference 2.5-54, and later in Reference 2.5-
21, and many cthers

The Wentzkeng antidineisin the south of Lungtung trending in NE-SW direction. The extenson of the
fold axisistruncated by an unnamed locd fault. TheYintzula syndine axisisin the southern part south
of the Shuang-Chi River and Chuchih fault. The axis has a variable trend between eeg-west and
northees-southwest directions The plunge of thefold likewise varies but is generdly to the eest. West of
Kungliao, the north limb of the syndineisvery sleep with dips on the order of 40 to 70 degrees, whilethe
south limb isfairly flat with dips varying from O to 20 degrees.

25.1.2.3.2 Faults
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TheYenliao Ste areais characterized by the devd opment of aseries of imbricate thrud faults (Figure 2.5-
8). Many faultsexig in the region and most of the important onestrend generdly northeest to east. Mogt
of thesefaults, developed during the Penglal orogenic event which reached its pesk in late Fliocene to early
Pegocenetime (Reference 2.5-20). A number of important faults, particularly for those faultswithin 8
km of the gte, namely Chuchih fault, Aati fault, Shuangchi fault, Kungliao fault, Fangchiao faullt,
Wentzkeng fault and other smdll faults, have been mgpped by previousworkersin theareaof Y enliso Ste
and confirmed by the surface mapping during the Steinvestigations An intensve and thorough
investigation conducted by geologigts from Pecific Enginearsand Condructors Ltd., with specid
assgance from geologigs of Tawan Power Company has been satisfactorily completed. Techniques
employed for the fault udiesinduded fidld mgpping, saismic refraction, core drilling, remote senang, age
dating, petrographic andyss, excavation of exploratory trenches and adits For more detailed discussion,
pleaserefer to the Site Sdection Report (Reference 2.5-2).

In 1994, the sudy conducted by Geologicd Society of Chinaconduded that those faults occurred

probably at the outsat of Pleisocene. They are o wel condrained interms of age that these faults have
ather been nonractive Snce 0.9 MA or Snce d least 45,000 Y .B.P.(Reference 2.5-7).
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Some important faults thet are sgnificant to the Sting of the plant and safety of the Sructureswill be
described further in Section 2.5.3.

25.1.2.4 Geologic History of the Site Area

Sometimein the late Mesozoic, the Y enshanian orogeny on mainland Chinaindurated, digtorted, and
uplifted athick sequence of sedimentsregting in the epicontinental sea. Theserockswould later become
what we now refer to asthe pre- Tertiary basement complex. After repeated transgressons and regressons
of the sea, with subseguent depogition/eroson cydes, the uneven basement began to subsde and teke on
sediments Thefirg of these may have been depodited in the Paleocene. but certainly no later then early
Eocene. These sadiments conssted of fine-grained sand and St with occesond intercdaion of shde The
91t wasthe dominant type during the mid-to-late Oligocene Epoch, and thiswas to become dightly
metamorphosed sometime during amid-Tertiary orogenic pulse and would later be known asthe agillite
dae sries over much of eesern Tawan. Inthe Ste Sudy areathese rocks areidentified asthe Tatungshan
Formetion.

After late Oligocene, depogition continued gpparently without interruption, but the source rocks or area
changed, as evidenced by the shifting from st asthe dominant sediment typeto fine-and medium-grained
sand. Thisshift in provenance probably beganin later Oligocene, or passibly in early Miocene.
Depaodition dmog certainly continued into the Miocene; hence these rocks are referred to as " Miocene
sandgtone’ to didinguish them from the older Tatungshan rocks These sediments are now known inthe
Ste areaasthe Nankang-Wuchishan corrddive unitsand are overlain by the Fangchiao-Mushan
corrdaive units. Someworkers have suggested that a hiatus may have occurred between these two units,
but this study could not contribute subgtantiating evidence.

Thefirg proven Miocene rocks are represanted in the Ste area by the Tdiao Formation and by avery
amdl amount of overlying Shihti Formation Depasition of these rocks continued in other parts of the
western geosyndind basin, but on its eastern border, degp tectonic forces were dready a work and would
eventudly lift the ssdimentary layers out of the sea, thrugt them one onto the other and cregtetheidand
province of Tawan. Theseforceswere brought about as the Philippine Sea plate collided anorthwesterly
direction with the ASan Continental plate. This occurred in pos-Miocenetime and continued into the
Plagtocene. Volcanism accompanied this collison and the northern part of the Ste areais now strewn with
volcanic debrislarge volcanic rock boulders and other detritus. A chonolith was emplaced jugt outsdethe
dudy area Thisintrusve body isvery likey the sourcefor the volcanic debris

Between thelatter part of the Oligocene (after deposition of the Tatungshan) and the middle part of the
Miocene, ssalevd fluctuated severd times. Thisisfirg indicated by the different lithologic character and
reduction in the number of fossilsin the Nankang-Wuchishan rocks. Quite likely the seacoast was
emerging dowly and the emergence continued until the Fangchiao-Mushan depositionswere nearlly
complete. At thistime the coast was mogt likdly awide-goread tiddl flat in which moderate quantities of
vegdation were accumulaing to later become the carbonaceous shde and cod beds of the Mushan
Formation. The coadt then dowly submerged and again marinelife proliferated while sediments continued
to be deposited on top of the Mushan unit, forming the Taliao Formation. Ancther cyde of coedd
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emergence agan cregted ashdlow water environment conducive to growth and ultimate codification of
large quantities of vegetation. These formed the savera cod beds of the Shihti Formation.

Therewere undoubtedly numerous minor transgressions and regressonswithin the mgor pulses described
above. Thesewould acoount for the sandgtone and Sltgtone interbeds which separate the many cod beds
Whether these were eudidic changes or tectonically induced isnot degr, but it ssems ressoneble to assume
thet both processes weere a work, sometimesjointly and sometimesindependently throughout thewhole
Cenozonic Era

After thefind uplift exposad the rocks to the dements, masswadting began and continuestoday. These
have |eft the consolidated rocks capped with avenesr of laterized soil, dluvium, calluvium, terrace
depodits, dune sands, and volcanic debris

25.1.25 Site Groundwater
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During phase| and phase 11 exploration, groundwater conditions have been carefully and thoroughly
sudied by the monitoring program implemented a the Ste. The program currently condgs of atotd of 12
domegtic wells plus 37 additional wellsthat were converted to obsarvation wellsfrom exploration borings
or inddled specificaly for groundwater messurements. Table 254 ligsdl wdlsfor the program and
Table2.5-5 ligsthar average monthly groundweter levelsfor the period August 1980 through July 1982.
Thewdlsareidentified by number and by letter prefix plusanumber. The prefix "A" desgnates domedtic
wells the prefix "B" desgnateswdlsingaled by the TPC Hydrology Department, the prefix "PB"
designates phase |1 exploration boringsthat were converted to obsarvation wels and the numbered wells
without aletter prefix designate exploration borings thet were converted to obsarvation wels during phese
| or earlier invedtigations.

Two of thewdls (25 and 42) were abandoned in 1981 and are no longer induded in the program.
Locationsof dl welsaround the Ste areaare shown on Fgure 2.5-10, and within the Units 1 and 2 Power
Block areshown on FHgure 2.5-12.

Data accumulated during the past two years show that ground water is presant at the gte under water teble
conditions. Contour map of the water table have been compiled (Figure 2.5-13) and indicate that the
ground water flows generdly esstward (i.e., seaward) under an average hydraulic gradient of
goproximatdy 0.03. The gradient is somewhat Segper in the western part of the Ste where surfece
devaionsare highes, but it progressively flattensto the eest where surface devaionslevd out.

Thewater table aquifer ismead up dmog entirdy of the unconsolidated overburden sediments. A portion
of thewater isstored in the partialy decompaosad weethered zone of the bedrock and in thejointsand
partings of bedrock itsdlf. The thickness of the overburden and westhered rock hes been plotted asisopach
maps, Fgures 2.5-14 through 2.5-17.

Rechargeto the aguifer is primearily by direct infiltration of precipitation. A sscondary source of rechargeis
from the amd| perennid sream which traverses the Power Blodk area between Units 1 and 2. The dream
gopearsto beinfluent along thewestern part of its course but changesto effluent a least dong aportion of
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its course near the east end of the Unit 1 Turbine building. Thisisindicated by wel number 28 wherean
anomaoudy low reading suggests thet the gream is being fed from the water table, forming asmall-scde
groundweter Snk.

SnceYenliaoisprimarily abedrock Ste, the permesble overburden materid, will be removed, no pump
testing has been pearformed to determine tranamissvities or dorage coeffidentsin the weter table aguifer.
However, as part of an effort to assessthe potentia for groundwater problems that might occur during
condruction, atotd of 156 permeghility tetswere performed in the bedrock materiasin sdlected core
holes during the phase 11 coring operaions. The method of testing was based on the sngle-packer test
procedures ddinested inthe U.S. Department of Interior Bureau of Reclamation Earth Manud,
Desgnation E-18. Results of the packer tests Show thét the permeshility of the bedrock site underlying
Units1 and 2 isin therange of 10-4 to 10-7 cmysec. most commonly encountered vaueswere 10-5 and
10-6 cm/s. Thisahility of the bedrock to tranamit water is attributed entirdly to the presence of joints,
shears, shear-rdated fractures, and bedding dleavage. Al intact rock unitsa Y enliao in condition are
conddered to be essantidly impermesble.

Also asan effort to identify potentiad groundwater problems during congtruction, seesond fluctuations of
groundwater levelsin the water table aquifer were Sudied as part of the phase |1 program. Average
monthly groundwater levelsin sdlected wellsfor the period August 1980 through July 1982 were plotted
on hydrogrgphs, along with average monthly rainfal levelsfor the sametime period. Theseddaare
summarized in Table 2.5-5. The hydrographs show thet rainfal & the Ste generdly correspondsto the
regiond patterns of farly low precipitation in the hottest part of the summer (July and August) and highest
precipitation in or near the month of November. From November to Jenuary, thereisagradua drop-off,
followed by amoderateincrease up to the summer months

Severd of the obsarvation wells show groundweter levelsthat changein aimost direct correspondence with
ranfdl. Thisisnormdly indicative of rgpid infiltration and isdso usudly asgn of high permestility of
the surface materids. However, caution should be exerdised when gpplying thisinterpretation to the
Yenliao ste. Until recently, alarge portion of the Ste areawas used for agriculture, primarily rice
growing, and theflat paddies and the levees that end ose them tend to artificaly enhanceirfiltration
conditionsand impede normd run-off. During the pagt year, the land has been acquired by TPC and the
agriculture activity has greetly decressed. Much of therice paddy areais now covered with uncultivated
vegdaion and subgtantid numbers of the paddy |evees have been demadlished by eguipment movement
and erodon. Asareault, infiltration and run-off relaions are reverting to more pristine conditions, which
entails higher run-off and lessinfiltration. Thischangein surface conditionsis probably the reason that
some of the obsarvation wel weter levels shown on the hydrographs gppear to respond to rainfal less
congpicuoudy form the latter part of 1981 onward. Quantitative evalugtionsfor infiltration and run-off
were not conddered essantid for the phase |l program, hence nonewere mede. Quiditetivdy, the Power
Block areamay be destribed as an areain which surface conditions are in agtate of change which will
result in higher run-off and lessinfiltration and dower changesin groundweter levelsthan in the recent

past.

Water qudity testswere conducted on numerous samples from obsarvation wels, domestic wels, nearby
dreamsand rivers and from the sea. Thetedting was conducted by the TPC Electricdl Research
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Department and the results are summarized in Table 25-6. 1n generd, the groundwater samples showed
no unusud characterigics nor chemica condtituents which would require Specid condderationin
condruction or desgn of gructures. The groundwater can be generdly characterized asacddum-
magnesum-bicarbonate-type water. 1ron content gppeared to be somewhat high in the observation well
samples, and this may be of some concern in placing meta pipes or conduits outsde the Power Block
aea All sampleswere dightly dkdine, ranging in pH from 7.0t0 8.2. Seven coliform testswere
performed for one domedtic well and showed pogtivefor Sx of the saven tests

More detailed gppraisd of the groundwater at thissteisdiscussed in Section 2.4.12.
2.5.2 Vibratory Ground Motion

The seigmologic and gedlogic investigations carried out to establish the acoderations for the Sefe
Shutdown Earthquake (SSE) and Operating Bas's Earthquake (OBE) are documented in the Bechtel
Report, “Fourth Nuclear Power Plant, Reevduation of PSAR Section 2.5.2,” prepared for Tawan Power
Company in October 1992 (Reference 2.5.59). The spedific areas of review in thisreport include
Sagmiaty (Subsection 2.5.2.1), Geologic and tectonic characterigtics of the Steand region

(Subsection 2.5.2.2), Corrdetion of earthgueke activity with geologic sructure and tectonic provinces
(Subsection 2.5.2.3), Maximum earthquiake potential (Subsection 2.5.2.4), Seismic wave tranamisson
characteridtics of the Ste (Subsection 2.5.2.5), Safe shutdown earthquake (Subsection 2.5.2.6), and
Operating bass earthquake (Subsection 2.5.2.7).

The report summarizesthe invedigations of the suitability of the Y enliao Stefor condruction of Lungmen
NPS using data from 1966 to 1986 and has recommended 0.4 g acoderation for SSEand 0.2 g
accderaion for OBE saigmic design.

“Electricity Generating Plan for No. 4 Nudear Power Plant 1 & 2 Units- Evauation Report on
Environmentd Influence” November 1991, Taiwan Power Compary, Section 255 (Reference 25.57)
aso condudesthat 0.4 g SSE and 0.2 g OBE accderation for seismic design are acceptable for Lungmen
NPS under ROC-AEC regulations

2.5.3 Surface Faulting

Severd mgor faultsexig within a5 km radius of the Y enliao Ste. During the Site Sdlection Studly of
1979, the Ste invedtigating team recognized and mapped these faults both from newly acquired fidd data
and from thework of previousinvesigators. These dructures carry the unofficid names of Aaoti-
Shuangehi, Chuchih, Fangchiao, and Kungliao faults. Of those named, the Chuchih fault isthe most
important from a structurd Sandpoint because of the following:

(1) Itisatectonic boundary between the Paleogene submetamorphic bt of the Centrd Range
Province and the Neogene sediments of the Western Foathills Province.

(2 Itisahigh-anglethrus fault whose trace has been podtulated as traversing the entire length of the
idand.
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Severd references, induding Reference 2.5-20, suggest that the Chuchih fault is continuous from
northeestern Taiwan to the southernmodt tip. It has aso been suggested by some workersthat the Chuchih
fault may be active within the context of USNRC definition. Extreme topographic relief, dense vegetation,
and inaccessihility have prevented detalled mgpping of the Chuchih fault trace in severd regions of centrd
Tawan; hence, the continuity of the trace has not been firmly established. Neverthdess, sncethe
podulated trace traverses aregion within afew kilometers of the Site, goecid atention was given to the
age-dating, location, and generd dructure of thisand other known faultsinthe area.

Theentire Kungliao fault sudy of the Y enliao Steisdiscussad in References 25-15 and 2.5-21. Further
Sudy conducted by the Geologicd Society of China (1994) confirmed that those faultswithin 5 miles

(8 km) of the gte and some sheared zones or disturbed zones found a the Ste are inactive Snce 0.9MA or
sncea least 45,000 YBP.

2.5.3.1 Geologic Conditions of the Site

Geologic conditions of the Ste and itsvidnity have been described in detall in Subsection 25.1.2. The
geotechnicd features and mechanicd properties of the foundation materid for the plant Sructure are
discussed further in Subsection 2.5.4.

Shearsranging in thickness from afew centimetersto several meters were encountered in the mgjority of
the Phase 11 corehdles. Mogt of these zones are @ther locdlized, i.e redtricted to avery limited areg, or they
are a depths subgantialy b ow ructure base leve's and hence have no influence on the foundation
properties A few of these zones, however, gppear to berdaivey near the ground surface and of such
thickness asto merit attention and caution. Geologic section A-A' (Figure 2.5.18) shows agenerdized
concept of the potentia for projecting severd shear zonesto the top surface of bedrock. These projections
areinterpretive and cannot be established with a high degree of accuracy with available data, dthough
severd of these shears gopear to be confirmed by the presence of low vd ocity zonesindicated by the
sagmic refraction survey.

Aspointed out in previous section, the sedimentary rock layersdong the eest coagt of Tawan have been
tilted and compressed by large scde tectonic forces Therodk sequence a Y enliao has been subjected to
the sameregiond sresses common to eestern Taiwan. This combination of uplift and crusd shortening
has, in many aress, causad bedsto glide over each other in response to the shear dresses brought on by the
uplift-compressve mechaniam. In aress where such gliding has occurred, thefrictiond forcesdong the
glide planes have produced a crushing, grinding action which has dtered to one degree or another the
gructure, texture, and crystalography of the original rock. Such zones are generdly referred to as hears
or shear zones and are characterized by the presence of intense fracturing of the origind rock, in-place
crushing of the origind rock, the development of dip surfaces, or some combination of these features

Crushing and fracturing can occur & some disance away from the actua plane of movement, but the

other fegtures occur on or very near the glide plane. All studies show no evidence thet these sheer zonesare
cgpablefaults Discuss evidence
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The presence of the shearsa Y enliao is not expected to pose amgor problem with the foundation
maeriads Sometrestment of these shears may be required, but such trestment iswel within current
foundation technology and is not expected to be extendve It is bdieved that surface faulting congderations
arenot required in plant design.

Two shaftswere excavated in the vidnity of the Unit 1 and Unit 2 containment area. The bedrock portion
of each shaft waslogged on ascde of 10:1 for description of geologic condition of the Ste; logs are shown
on Fgure2.5-19 and Fgure 2.5-20.

2.5.3.2 Evidence of Fault Offset

Detalled and intengve fault investigations were carried out in the Ste area. No evidence of fault offset a or
near the ground surface was discovered. Asmentioned in Section 2.5.3, Some minor shearsranging in
thicknessfrom afew centimetersto some severd meterswere found in the core holes They are modtly
locdized and are & depthsfar b ow sructure base leves

Shear zonesin the foundation rock reduce the quality of the foundation locally but are not expected to pose
mgor problemsfor desgn or condruction. To minimize differentid settlements due to soft materid in
shear zones, foundation dental work may be required where gopropriate. Thereisno evidence thet these
shear zones are capablefaults.

2.5.3.3 Earthquakes Associated With Capable Faults

A detalled discusson of saigmicity and seismotectonics of Tawan isundertaken in Subsection 25.2. As
mentioned previoudy, thereisno cgpablefault a or near the Ste area

All known earthquake events located within 8 km of the Y enliao Ste are shown on Figure 25-21 and are
liged in Table2.5-7. Thereare no linear featuresindicated by the epicentersthat might suggest active
faulting near the Ste It is conduded thet there are no earthquiakes associated with cgpable faults

2.5.3.4 Investigation of Capable Faults
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Asdiscussed in Subsection 2.5.1, some important faults have been mapped by previousworkersinthe
aeaof Yenliao Ste Aninitid phase of the sudy condgted of 5 months of fidd work to collect asmuch
urface and subsurface dataas possible early in 1979. Additiond field work and further sudiesby means
of fieddd mgpping, core logging, trenching, aditting, remate senang, age-dating, and petrogrgphic analyds
were conducted in May-June 1981 (Reference 2.5-21). More detailed discusson supporting this
condugonisreported on the following Subsection 2.5.3.8. Summarize condusons
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2.5.3,5 Correlation of Epicenters with Capable Faults

Detalled geologic investigations of faultsin the Ste area (Reference 2.5-21), have not identified any
capablefaultswithin 8 km of Yenliao. Section 2.5.3 and Section 2.5.3.8 present the results of these
investigations. As discussad in Section 2.5.2 and 2.5.3.3 there is no gpparent dignment of earthquiake
epicenters dong mapped faults; however, dueto the complex sructurd rdaionshipsin the area, the
ubject requires additional sudy.

2.5.3.6 Description of Capable Faults

Previous detalled investigationsin the Ste area have not identified any cgpable faultswithin 5 miles of the
Yenliao Ste. See Saction 25.3.8 and Reference 25-21.

2.5.3.7 Zone Requiring Detailed Faulting Investigation

Asmentioned in Saction 2.5.3, northeestern Taiwan is characterized by the devdlopment of animbricae
thrust bet. The early phase of faults sudy conssted of 5 months of fidd work to gather as much surface
and subsurface dataas possible. Following thiseffort, additiond fidd work a the phase | Ste Sudy was
satidfectorily completed. The evauations and overdl condusions are discussed in the following section.

2.5.3.8 Results of Faulting Investigation

Many important faults namey Chuchih fault, Aoti and Shuangchi faults, Kunglieo fault, Fangchiso faullt,
Wentzukeng fault, and some other smdler faults exposad near the Ste areg, were carefully sudied
(References 25-15 and 2.5-21). The evidence and their Sgnificance are discussad in the following
subsections

2.5.3.8.1 Chuchih Fault

The Chuchih fault is conddered by most Taiwan geologigtsto be the most important fault in northeest
Tawan. It formsthe tectonic boundary between the Paeogene submetamorphic bdt of the Hsueshan
Range and the Neogene sediments of thewestern foathills two mgor geologic provinces The Chuchih
fault isahigh-angle thrugt fault with a surface trace extending for many kilometers

It has been pogiulated to connect with ather Smilar hightangle thrugts further to the south, forming amore
or less continuous tectonic breek which runsthe length of the idand (Reference 2.5-20). It should be
pointed out, however, that geologic mapping in the centra part of Taiwan isnot detailed in many aress due
to the extreme topographic rdief and inaccesshility of these arees Therefore, the podulaied continuity of
the Chuchih fault istenuousin many places The officid geologic map of Taiwan compiled by Ho
(Reference 2.5-20) shows acomplicated system of intertwining fault traces south and west to the Yenlieo
areg, and it isdifficult to tel which of theseisintended to represent the Chuchih fault. If the Chuchih fault
is defined asthe tectonic boundary between Pdeogene and Neogenerocks then it dearly cannat bea
sngle continuous discrete fault, but must be acomplicated system of different faults.
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Inthe Y enliap areathe Chuchih fault bordersthe vdley of the Shuangchi River dong the south Sde It has
an ead-wes trace which bends to the southwest severd kilometerswest of the Sudy area. The surfece
trace of thefault can be seen on air photos but is difficult to see from the ground. Within the Sudy areathe
Chuchih fault is nowhere exposed in outcrop due to dense vegetation, desp weethering, and dluvid cover.
A program of trenching was carried out during the Site Sdlection program and the existence of the fauilt
was confirmed by trench (No. 7) west of Kungliao. Trench No.7 encountered an extendve shear zone
coincident with the trace of the fault seen on air photos.

Nether the dip of the fault nor the magnitude of digplacement has been determined in thefidd, but the
reldive draightness of the surface trace suggests ahigh angle of dip, and the formationd relaionshipson
oppodite Sdes of the fault indicate that a subgtantid amount of displacement has occurred. Therocks south
of thefault have been moved up rddiveto those on the north so that Oligocene Tatungshen Formation lies
above younger Miocenerocks It isworthy to note that recent paleontol ogic sudiesin northern Taiwan
conducted by Professor Y. M. Cheng and Mr. C. Y. Huang (Huang, persond communication) have
resulted in the conduson that the Tatungshan and Mushan Formations are not asfar gpartin age as
previoudy thought. The magnitude of displacement on the Chuchih fault may not, therefore, be as greet as
has been generdlly assumed in padt.

2.5.3.8.2 Aoti and Shuangchi Faults

The Aati and Shuangchi faultswill be discussed together Sncether traces are virtually coincidenta and
mog workers have conddered them to be asinglefault. The exigence of afault & Acoti hasbeena
controversd subject inthe padt. In order to resdlve theissue of the Aati fault, anumber of different
avenues of investigation were pursued. Theseinduded apaleontologica Sudy, oecid offshore
geophyscd dudies, trenching, excavating an adit, and the drilling of an angle corehdle.

Whilethe adit excavation wasin progress, offshore seigmic reflection profileswere run to determine
whether afault Sructurein the rock extended seaward from Aati harbor. The geophysical dataindicated
the presence of achannd in therock surface projecting offshore from Aati harbor. A fault in therock
could not be dearly seen but the coincidence of achannd & thislocation cartainly added to the probahility
of afault exiging in the rock (References 2.5-57 and 2.5-6 of Section 2.5.1).

Professor Y. M. Cheng and Mr. C. Y. Huang of Nationd Taiwan University sudied both macro- and
microfossiis from the rocks dong the coadt, both to the north and south of Aati harbor. The resullts of their
detailed sudy condusively showed that the rocks north of Acti are geologicaly younger than those south
of Aati. Sncethe rocksdip to the south, this structural evidence reguires the existience of afault contact &
Aati harbor. Findly, the exploratory adit, excavated benegth the topographic saddle west of Aati,
penetrated the fault and confirmed itsexigence. An angle core hale, drilled near the adit location, dso
penetrated the fault and provided another point with which to establish the trend of the faullt.

Further to the weg, the Shuangchi fault, like the Aati fault, cannot be seen in surface outcrops West of
Shuangchi thereis evidence of faulting exposed in road cuts but the precise neture of thisfaulting isnot
dear. The primary evidence for the Shuangchi fault indudes gratigraphic rdlationships and agrong linear
expresson on ar photos The linearity noted on the photos suggests thet thisfault hasardativey high
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angleaf dip near the surface, which would be different from that of the Aati fault. The sense of movement
isthesame asthe Aati fault; i.e, the south Sdeis upthrown. West of the Sudy area, the Aoti-Shuangchi
fault(s) are shown on published gedlogic maps as baing terminated by the Chuchih faullt (for example, see
Refearence 2.5-15).

Theprincpd reason for differentiating the Shuangchi and Aati faultsinvolvesthe interpretation of the
inferred kungliao fault (to be discussed next). The question of whether the Aot and Shuangchi faultsare
the samefauilt or different faultsis not Sgnificant to assessment of the Y enliao Ste asdther interpretation
leads to the condusion that the fallt(s) is not a.cgpable fault according to USNRC guiddines

2.5.3.8.3 Kungliao Fault

During the Ste sdlection sudy the Kungliao fault was mgpped as an arcuate, concave-seaward sructure
extending from Kungliao northwestward to the Aati fault. It was agructurdly-inferred fault for which no
physcd evidence wasfound in surface exposures Therewas crcumdantia evidenceto support its
exigence, but the Kungliao Area Fault Study did not provide corroborating evidence. However, the sudy
did not dter the origind condusion. Thelack of physcd evidencefor thisfault, the aasence of air photo
and satdlite imagery expresson dl indicate that if it exigs, the Kungliao fault is cartainly not amgor
activefault and henceis not Sgnificant to the Sting of the plant. Whet isof interegt, however, istherdle
which the Kungliao fault might play in terminating the Chuchih fault and thereby heping to date known
gructuresinthe area

2.5.3.8.4 Fangchiao Fault

The Fangchieo fault trendsin anortheest direction, passing benesth the town of Kungliao and projecting
offshore. It shows up asastrong linear trend on satdliteimagery and ar photos Hed evidencefor the
fault includes topogrgphic expression, disturbed bedding, gratigrgphic rdationships on ather sde of the
fault, and core hole deta retrieved during the Kungliao fault sudy.

The Fangchiao fault firgt gpopeared on Y en's map (Reference 2.5-54), and subsequently on athers
(References 2.5-55 and 2.5-19), and has been mapped by the Centra Geological Survey

(Reference 2.5-56). Thefault goparently has ahigh dip angle as evidenced by the Sraightness of its
urfacetrace. It has components of both |eft laterd and vertical digplacement with laterd displacement of
the north-dipping axis of the Yingtzula syndine. This gpparent contradiction is solved by introducing
verticd digplacement dong the faullt.

2.5.3.8.5 Wentzukeng Fault

The Wentzukeng fault is about five kilometers north of Y enliso Ste. It isexposad dong the shordineasa
fairly wide zone of highly disturbed rock. Some evidence of rock disturbance offshorein this areagppears
on the geophysicd records. Inland from the coadt the faullt is covered by old volcanic detritusand its
precise nature and location are not known. Thereis no evidence on satdllite imagery or ar photos for recent
movement on thefauilt.
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The Wentzukeng fault is not a capable fault by USNRC guiddines and isnot gnificant to the Sting of a
nuclear power plant.

2.5.3.8.6 Other Faults

There are numerous other amdler faultsthroughout the area. Many of these are very old and are badicdlly
intraformeational, having rocks of the same age on dther Sde Where these faultsintersect the more
important faults, they areinvariably terminated. Many of these amdler faultsareinferred, and their
locations are uncartain. None of them is Sgnificant to the gting of the plant.

2.5.3.8.7 Summary of Fault Studies

25-30

Theintengve Sudies of these faults mentioned above induding verticd and angle bore holes, trenches, fidd
mapping, petrogrgphic andys's, remote sensing, and carbon-14 age dating, have been parformed in the gte
invegtigation. Themain objectives of these dudiesare

(1) Definethetruncation hierarchy of the Fangchiao, Chuchih, and Kungliao faultsto determine
which of theseisthe youngest fault.

(2) Determinewhether terrace depositsin the area overline the youngest faullt.
(3) Agedaetheterrace depodts

(4) Determinewhether the terrace depodits have been disturbed by faulting, thereby establishing an
upper limit on the age of last movement of thefaultsinthe area

All of these objectives were satisfactorily accomplished. The truncation hierarchy of the Fangchiao,
Chuchih, and "Kunglian" faultswas more dearly defined, dthough the "Kungliao" fault may not exigt asit
was origindly mapped.

Tawan geologigs aswdl asthe Ste sdection investigators, viasructurd inference, mapped the Kunglieo
fault as an arcuate, north-trending fault thet istruncated by the Aati fault to the north and the Fangchiao
fault to the south. Thefault Sudy program produced no datato confirm the existience of thisarcuate trace
as previoudy mapped. The program did, however, confirm the exisence of afaultinthesmdl valey
behind the Kungliao Grammar School. Thisfault was desgnated asfault "K" for reference purposss.
Fault "K" truncates the Chuchih fault (or agplay from the Chuchih), and hence demondratesthat the
Chuchih isnot the younges fault inthe area (See Figure 2.5-22).

Theexact trace of fault "K" could not be determined with the data produced by this program. However,
the fault necessarily must trend to the south or southeest and in so doing isitsdf truncated by the
Fangchiao fault. The fangchiao fault truncatesthe "K" fault which in turn truncates either the main trace or
asplay of the Chuchih fault. Besdestruncating the "K" fault, the Fangchiao fault beneeth the dluvium of
the Shuangchi River Vdley in the vidnity of Kungliao. The Fangchiao fault is therefore, convincingly
edtablished asthe youngest faullt in the area (see Figure 2.5-22). Because the Aati-Shuangchi fault(s) is
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truncated by the Chuchih fault west of the Sudy areg, thisfault isaso tied into the fault-age network and is
shown to be ol der than the Fangchiao faullt.

Thereaults of drilling and trenching established dearly that the Fangchiao fault passes benegth terrace
depogitsin the saddle area northeast of Kungliao. The effort to age date the terrace depodits was successul
in that adepogt of black carbonaceous materia was found in these depodts ashort disance eest of
Kungliao Grammar School. Two samples of thismaterid were dated by Carbon-14 age-dating processes
One samplewasfound to be gpproximately 30,000 years old. The second sample showed no C-14
activity, suggesting an age greater than C-14 limits of 37,000 years. Thisage generdly supportsthe
edimate of 100,000 years dld for the terrace, propased by Mr. T. L. Hsu of the Centrd Geologica Survey
(ord communication-1979).

Sometrenches (9 and 11) demondirated thet the terrace and colluvia deposits overlying the Fangchiao
fault are undisurbed by faulting and are therefore younger than the age of lagt movement on thisfault. The
las movement on the Fangchiao faullt, the youngest fault inthe ares, istherefore older than 30,000 years
and possibly older than 100,000 years

In summary, the data produced by the fault dudiesis adequate to sate with ahigh leve of confidencethat
there are no cgpablefaultsin the vidnity of Yenliao.

2.5.4 Stability of Subsurface Materials and Foundations

Subsection 2.5.1 provides spedific investigation pertinent to enginesring properties of the foundation
materid a the Lungmen NPS Stelocated & Y enlian. The exploration task, purpose, quartities, and results
aeshowninTables25-1, 252, 25-8, 259, and 2.5-10. The exploration program mogly confined to
the Lungmen NPS power block areainduded drill holes, seismic survey, exploratory shéft for in-Stu plate
load tedt, laboratory testing, groundweter Sudies, petrographic sudies, and paeontologicd dudies. The
results of theinvestigation and dataandyss are compiled in reports entitled, ” Report of Foundation
Conditionsfor Yenliao Nudear Unit 1 and 2, Volumel, 11, 111, June, 1983 and “Recommended
Foundation Design Parametersfor Y enliao Nudear Unit 1 and 2, June 1983, References2.5-6 and
2.5-58, respectively. Recently the subject wasrevised as shown in Reference 2.5-7.

25.4.1 Geologic Features

Geologic features of the Lungmen NPS steinduding geologic structure and history arediscussad in
Subsection 25.1. Theimportant faultswithin 8 km radius of Lungmen NPS site are Chuchih fault, Aoti
fault, Shuangchi fault, Kungliao fault, and Fangchiao fault which truncatesthe “K” fault. Chuchih fault is
congdered by mog geologigts asthe mogt important fault in northeest Taiwan (Figure 2.5-25). Fangchiao
fault isthe youngest fault in the area but is older than 30,000 years and therefore, isnot acgpeble fault
according to USNRC guiddines (Reference 2.5-3). Surfacefaulting a Lungmen NPS Steisdiscussad in
Subsection 2.5.3.

The Lungmen NPS steisStuated in an areaof gentle undulating hills and terraced rice fidds, covering
goproximatdy 200 hectares or 2 sg km (Figure 2.5-24). The Lungmen NPS power block areaislocated in
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the southern portion of the Site, and occupies about 182,400 sg m. The center of the power block is about
600 m from the shore line The ground surface in the power block areavariesdightly in devation
averaging about 12 m above mean sealevd. The power block areaistraversed by asmal sreamwhich
flowsto the ocean. Its present course will be dtered during condruction. The coadt lineisgentieand
concaveto thewes. It is characterized by rocky outcrops of sltstone and sandgtone, and sandy beeches.

Anintendveinvegigation program for the specific foundation design parameters has been performed and
isreported in “ Geologicd Re-Examinaion and Re-Appraisd of the Ste and Adjacent Areaof Atomic
Power Plant No. 4, Summeary Report,” by Geologica Sodiety of China, January 1994 (Reference 2.5-7)
and “Electriaty Generating Plan of No. 4 Nudear Power Plant 1 & 2 Units, - Evauation Report of
Environmentd Influence, Revised Verdon,” (English trandation) by Taiwan Electric Power Co.
(Reference 2.5-57). A thorough and vduable information of the Site geology and foundation condiition
obtained from fidd and laboratory Sudiesisinduded in these reports These reports have re-affirmed the
auitability of Yenliao stefor Lungmen NPS. No evidence of subsdence has been found. The amount of
unrdieved resdud sresswas d o found inggnificant based upon the results of cregp loading and
unloading tests discussed in report of foundation condition (References 2.5-6 and 2.5-58). The geologica
loading hitory, zones of sructurd weskness and joint patterns have been thoroughly reviewed in the three
reports cited above. The foundations of Lungmen NPS Category | sructures shdl belaid on sound rock.
Thewater tableisfound to be very high and as such the rocks are ssturated and dewatering isrequired
during condruction and during plant operation (Reference 2.5-5, Val. 1). However, therock drataat
Lungmen NPS ste has nat been found hazardous or undieble (Reference 25-5, Val. 1). The sterocks
meet the gability criteriaof SRP Section 3.5.4.

2.5.4.2 Properties of Subsurface Materials
25.4.2.1 Soil Types

Soil in the area.can be divided into plain soil, shore sands, and hill soil which hasthe largest quantity. Plain
s0il, composad of dluvium, whose hogt rock indudes day date, sandsone, and shale, ismainly foundin
Shangchi valey, which isvery narrow. Hill soil, which isaadic, indudesred brown loam, yelow brown
loam, ydlow gray loam, and sony soil of ydlow brown and yelow gray colors ( refer to Table 2.5-6 for
oneof thedrill holelogs). Shore sands are found aong the coast and were formed during the quaternary
period from sandstone.

2.5.4.2.2 Rock Strata

2532

Therocksat the plant gte beong to Tatungshen srataand Wuchishen drata (Reference 2.5-5). According
to drilling results, the rock wall ismeade up of Sltstone, sandstone, and wel cemented shde The minerd
components are quartz, day, and cddite, mixed with amd| quantities of mica, fddspar, pyriteand
microlimestone The rocks have high compressive srength. The changein sasmic wave veoaty indicates
jointsand deavagesin therocks.
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2.5.4.2.3 Discussion of Underlying Material

Except in outcrop aress, the Lungmen NPS siteis covered by aveneer of unconsolidated sediments
ranging inthicknessfrom 1 to 7 m (Fgure 2.5-14). The overburden consgts primarily of dayey it and
sand with minor amounts of gravel, pebbles, and cobbles The sandsindude recent fluvid depodtsand
older beach sands The presence of beach sandsisone of severd pieces of evidence which suggest thet the
eedt coadt of Tawan isan emergent coadlline of fairly recent geologic time.

Mog of the Ste areahas undergone agriculturd activity for an indeterminate period, and other aressare
covered with various Species of grasses and shrubs Asaresult of the abundant vegetation, the upper 1/2
to 1 m of overburden contains sgnificant quantities of organic matter in various Sages of decompastion.
Thiszone of organic soil isgenerdly referred to asthe A” horizon and isusudly found to be unauitable
asather afoundation maerid for large Sructures or as backfill materid.

The"B” horizon isthe soil zone betiweenthe*A” horizon and the bedrock (refer to Figure 25-15 for
contour map of overburden/bedrock contact). It congsts mainly of day, Sit, and sand that hasbeen
enriched by duminum and iron leached from the overlying materids. The leaching process hasimparted to
the materid amoderaidy variegated color pattern conding of severa hues of red, brown, and yelow. No
laboratory or fidd testing was performed on thisor any of the overburden materid, but field observations
in trenches, shafts and core samplesindicate that the dengty of this horizon isrdativey low. Thisfactor,
aong with the presence of cobblesand afew boulders, makesits use asabackfill or founding materia
questionable. Further, theB” horizon is entirdy saturated by ground weter, which introduces a potentid
for liquefaction and hydrodtatic stresses unless adequately drained. Therefore, dl Lungmen NPS power
block structureswill be founded on the bedrock and not on the soils of the“B” horizon.

The uppermog horizons of bedrock a the Ste have been subjected to westhering processes throughout
much of their geologic pagt. Asaresult, athin layer of week, partialy decomposad rock has devel oped
between the“B” horizon and fresh, competent bedrock. Thiszoneisusudly referred to astheC” horizon
and itsthickness a the Ste varies between 0 and 6 m. Figure 2.5-16 illugtrates the thickness of thiszone.

The grength, particularly the bearing capedity, of therodk inthe“C” horizon varies condderably, usudly
asafunction of weathering intensity. The geologic logs record weethering intendty a thedteonan
abitrary scdeof 0to 5, with w-0 assigned to fresh, unweethered rocks and w-5 assgned to rocks that
have undergone complete dteration to soil or to soil-like condition. W-1 isgenerdly assgned to rocksthet
have undergone“ dight” weethering, a.condition frequently characterized by nothing morethan the
presence of iron-oxide gains Rocksin thew-1 category have usudly not lost asignificant amount of ther
bearing capacity and as such are probably suitable in most casesfor foundationsfor dl permanent
dructures.

A great ded of judgment isinvolved in sdecting the w-2w-3w-4, and to some extent, w-5 caiegories
edablishing the weethering intendity of rocks. Thisdassfication isnot ardigdleindex of rock srength.
Therefore, it isconsarvatively assumed that al rocks assgned to the w-2 through w-5 category have
undergone a least asmal amount of degradation (other than saining ) and hence are unaitable asa
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foundation for Lungmen NPS category | sructures. Their suitability as afoundation for category |1
Sructures shdl be assessad on a case-by-case badi's during excavation and condruction phase

Fgure 2.5-17 isacontour map of the base of the weathered rock. Thismap, aswell astheisopach map
(FHgure 2.5-14) has been compiled primearily from the weethering codesliged on the geologic logsand
essantidly ddlinestes the dividon between w-1 and w-2 rocks The primary purpose of these maps, dong
with smilar mapsof the overburden, isto ad the planning of excavation procedures and reguirements In
addition, the maps dearly indicate thet weethering in the hillsto the west of the Lungmen NPS power
block is degper and moreintense than within the Lungmen NPS power block itsdlf. The resson for this
condition is tributed to the podulation that the lower devationswere submerged or partidly submerged
beneath the seafor asubgantidly longer period of time than were the higher devations thusdlowing a
longer time span for wegthering processes to work in the higher devations

The sgnificance of the degper weathering inthe hill arealisthat dope gability may be affected and
precautionswill betaken in planning the cut dopes.

Two geologic formations underlie the Lungmen NPS power block area. They arethe Tatungshen
formation of Oligo-Miocene age and the Wuchishan Formation of Miocene age (reference

Subsection 2.5.4.2.2). The sructure of these geologic units correspond to regional sructures, whichis
characterized by aseries of tilted sedimentary unitsthet drike to the northeest and dip to the southeest. The
contact between the two formationsis Stuated between the two Units of Lungmen NPS ( sse Fgure 2.5
24). This contact is conformable dthough there is evidence of bedding-plane shearing dong it. The
investigations have reveded no evidence of mgor sructurd features such asfaulting or folding, but
bedding plane shearing is commonplace.

Thetilting of the two sedimentary unitsa Lungmen NPS Steisof tectonic origin, generdly acoepted to be
the result of compressve forces assodated with the last mgjor orogeny which occurred in laie Fliocene -
early Pledocenetime

Thedip of therock formations a Lungmen NPS ranges between 30 and 35 degrees Thefidd detaaso
uggedsthat thereisachangein grike of the upper two-thirds of the sratigragphic section exposed & the
gte Thedrike changeis attributed to apparent rotationa movement that occurred contemporaneoudy
with the paroxyamsthat produced regiond sructure. The direction of rotation of the upper zonesis
counterd ockwise with respect to the lower zone. The change in drike accountsfor theillusory changein
dip direction of the bedsfrom Unit 1 to Unit 2, as shown on Section B-B' and C-C' (Figure25-18). The
two eas-wes sections are drawn dong linesthat approach perpendicularly to dip direction. Thus, the
more northerly driking beds at Unit 1 show amild dip to the eedt, whilethe more eegterly driking bedsa
Unit 2 gppear to bemildly dipping to thewest. Truedip of dl the bedsis, however, to the southeedt.

Filled and unfilled joints are commonplace in the rocks throughout the Lungmen NPS Stearea. The drike
of mog joints trendsto the northwest and dips are generdly steep (60° to 80°) with respect to bedding
planes A subgiantid portion of jointsarefilled with day, cddte, or quartz. Iron-oxide Sainsand pyrite
arefreguently found on joint faces Conjugatejoint setiswere d o detected in the core samplesand inthe

containment shafts. Joint faces are dominantly planar, but uneven, rough, and arcuateformswere dso
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encountered during theinvetigation. A fegture sometimes referred to as*heded” joints was d o detected
in afew locations. Thisfeature is characterized by aline demarking the contact of ajoint or parting that
haslaer fusad or re-cemented, leaving asuture-like scar in place of the origind contact. Jointspardld to
bedding are dso fairly common. These festures may bejoints but aportion are probably sress-induced
deavage fracturesthat occurred during the uplifting episodes that devel oped the exigting Sructurd
petterns.

The Lungmen NPS power block areaiis underlain by two geologic formetions The younger of thetwo, the
Miocene-Wuchishen formation, provides the beering sratafor Unit 1, while the older Oligo-Miocene
Tatungshan formation providesthe bearing dratafor Unit 2. The surface contact between the two
formationsis obscured by soil and vegetation, but an inferred surface contact has been magpped and is
shown on Fgure 25-24.

The subsurface contact between the Wuchishan and Tatungshen formationsis aso not clearly defined,
mainly because of the amilaritiesin lithology. For descriptive purposesit may be assumed that the contact
isthetop of dltdonelayer near the south wall of the Diesd Generator Building as shown on section A-A’
(Fgure 2.5-18). Onthisbeds the gratigraphic thickness of the Wuchishan formation in the Lungmen
NPS Power Block aressis up to 100 m while the thickness of the Tatungshan formetion extends to depths
well below the degpest core hole, and henceis not meesurable. On arregiond bass, the combined
gratigraphic thickness of the two geologic unitsis severd thousand meters, hence the Lungmen NPS site
represents only aamdl fraction of thetotd.

Therange of datic and dynamic properties of therocksareliged in Table 2.5-10. Modulus of Eladticity
and Poisson’sratio variation are shown in Table 2.5-12 for one of the sample core. Prdiminary estimetion
of Elagtic Modulus (E) from P-wave veloadity (V) are shown in Table 2.5-13. Saamic refraction survey
plotsa Lungmen NPS ste are shown in Reference 25-58.

2.5.4.2.4 Engineering Properties of Foundation Materials

Invedtigative results of  enginesring properties are induded in various reports referenced in this section.
References 2.5-5, 2.5-7 Appendix F, and 2.5-6 Volume 111, lig various engineering properties. The basic
foundation criterion for Lungmen NPS plant isthet dl critical Sructures shall be founded on sound rock.
Thefdlowing vauesareusad for design:
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Poisson'sRetio
Coheson

Angle Internd Friction
Dry Unit Weight

Moaig Unit Weight
Sauraed Unit Weight
Buoyant Unit Weight
Séic Young' sModulus
SWaveVdoaty
P-Wave Vdoaty

Poisson'sRetio

Angle Internd Friction
Coheson

Permesbility

Séic Young' sModulus
Dry Unit Weight

Moaig Unit Weight
Saurated Unit Weight
Buoyant Unit Weight
SWaveVd. (low drain)
P-Wave Vd. (low dran)

ClassA & B Backfill

Unit 1 Intact Rock

0.39
5g°

17 kg/en?
0.00002 cnv's
350,000 t/n?
2.38tm*
248tm°
256 t/m®
157tm’
1220 mv/s
2900 m/s

Unit 1 Westhered Rock Materid

032
512 kg/en?
40°
219t/m®
2.32tm’
240t/m®
141tm’
280,000 t/n’
1040 mv/s
2590 m/'s

Unit 2 Intact Rock

0.38

640

36 kg/lent
0.00002 cnv's
703,000 t/n?’
245tm®
255t/m®
263tm*
163tm*
1370 m/'s
2900 m/s

Thedlowable bearing cgpadity for foundation design isindicated in Subsection 25.4.10.

2.5.4.3 Exploration

25-36

Thefidd and laboratory work performed islised in Tables2.5-1 and 2.5-2 and providesthe detailed
information from which spedific foundation design parameters have been devdloped (reference Fgure 2.5
8). Thisisdocumented in Reference 2.5-57.

Thedrilled bore holes provided core sample for |aboratory testing, geophysicd saismic recaiving holesand
the inddlation of groundwater measurement. Thelog of atypica bore hole resultsisshownin

Table2.5-11.

Thein-gtu plate load tests were performed in the exploratory shafts (reference Figure 2.5-9). The bedrock
portion of each shaft was logged.

Laboratory testsinduded checking of index properties, unit weight, moisture content, degree of saturation,
datic and dynamic eadtic properties, confined and unconfined compressve srength, triaxid shear and
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sonic velodity. Thetest results are summarized in Table 2.5-10. Petrographic andydsresults of therocks
aeshownin Teble25-14.

The detailed discusson of testing procedures, and summaries of test results are included in the Report of
Foundtion Condition ( Reference 2.5-6).

25.4.4 Geophysical Survey

Sagmic surveys, induding cross-hole, uphole, and surface refraction techniques for messuring Pand S
wave vdodities, were conducted through containment building foundation area. A complete report of this
saigmic urvey entitled, “Report on Sasmic Refraction Survey Conducted & the Yenliso Site” by HCK
Geophysicd Company (Reference 2.5-60), isincluded as Appendix E in the* Report of Foundation
Conditionsfor Yenliao Nudear Unit 1 and 2, June 1983” (Reference 2.5-6).

2.5.45 Excavation and Backs(ill

Excavation & Lungmen NPS Unit 1 and 2 will involve both soil and bedrock removd in the power block
area.and the cutting and laying back of dopesin the hills aong the western and southern perimeters of the
power block. Backfill may be required in some area of overexcavation and topographic low spots.

Figure 2.5-10 shows the excavation plan for Nudear I9and of Lungmen NPS. Theverticd cuts around
buildings hdl be supported by soldier pilesand rock anchors as shown on Figure 2.5-10. Support of
vertical face of rock isdiscussad in Subsection 25.4.5.1.2. The blagting of the rock shdll be stopped
within 2 m of thefind finished cut surface to prevent damagetoiit. Blagting method shdl be such that the
peck materid partide veocty shdl not excesd 50 mmys & any adjacent Sructure, or 125 mmys a soldier
pileslocation.

Thefollowing subsectionswill discuss both soil and rock excavation and the requirements of backfill.

25.4.5.1 Excavation and Protection of Construction Slopes
25.45.1.1 Soll

Soil at the Lungmen NPS Ste congstis mainly of organic and inorganic unconsolideted dlay, Sit, and ssnd
with minor amounts of gravel, cobbles, and boulders Boulder szes encountered were dl lessthan 1 meter
in diameter. Dueto the high ground weter table, the soil a Lungmen NPS Steisin asaturated condition,
espedidly in thefla-lying areas. The Lungmen NPS Ste has been filled within the recent past bringing the
grade up to auniform devation of 12 m. The soil used to bring the Ste to grade was dass B backfill
meaterid discussed in Subsection 254.5.2.

All temporary dopesin the overburden materid a Lungmen NPSwill eventudly be supported by
Sructurd walsor beckfill.

Permanent dopes are defined asthose which will exigt with or without support for thelife of the plant and
arediscussed in Subsection 2.5.5.
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The overburden materid a the Lungmen NPS ste are rardly more than afew metersthick, hence dope
protection is not expected to pase amgor problem. Severd options are available for Sabilizing both
temporary and permanent dopes. The actud option sdlected will depend on severd factors such ascodts,
avallahility of materids, or amore detailed evaluation of conditions after dopes are exposad. Basad on
exiding data, any conventional dope sability method for soils should be suitable for the Lungmen NPS
gte However, somejudgment and adjustments may have to be made accordingly in the event of
unexpected conditions encountered during excavation.

Thefundamenta practices and precautions that apply to al dopes, regardless of ther smplicity, are
briefly reviewed here. In generd, condruction dopesin the overburden a Lungmen NPS ste shal be cut
a anangeof 1.5:1 (1.5 horizontd to 1 vertica ). A qudified geotechnical specidist will monitor the cut
dopeson aregular bassasthey are baing condructed and implement changeswherever the 1.5:1cut
gopearsto beinadequate. In the saverest of cases, laboratory testing of the soils and computation of a
factor of sefety will bereguired, especidly for permanent dopes.

The exposed faces of cut dopesin the overburden will be protected againd rainfdl eroson by one of
severd conventiond means. These indude watershed vegetation, gunite, rip rgp, asphdt, or any Smilar
maeridstha arerddivey impermedble and resgant to deterioration by thedements.

Theimportant dandard practices and precautions required for dl temporary and permanent dopesare
listed bl ow:

(1) Sespage Contral: The overburden materia a Lungmen NPS steis saturated for the most part,
and seepage of ground water from dope facesis expected and will be controlled. This control will
include both the prevention of excessve eradon of the cut face from segpage and dso the
diverson of the seep water to umps or drainsthat will minimize undesirable accumulations of
water in excavations and work areas Toe drains, weep holes, sdective grading of bedrock, and
other dandard methodswill beimplemented as required.

(2) ToeProtection: One of the mogt common types of dopefailurein soil materidsisdueto “toe
falure’ which occurs dong the base of the cut facesresulting in arotationd movement of soil
masxs. The cause of thistype of falureisthe absence of laterd support, hence some form of
upport is necessary. For temporary dopes, sandbags are frequently used and generdly are
adequate for dopes of limited height. Permanent dopes usudly require areinforced verticd wall,
the height and strength of which will depend on oil type, height of the dope, and other factors
which will be assessad during excavation.

Measures shdl be taken to assure that the cut face of asoil dopeand the cut face of underlying bedrock

will not be dong the same plane. The soil dopewill be st back from the crest of rock dopes, leaving a
berm of sufficient width to provide someform of laterd support for the soil dope and prevent itsfalure
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25.4.5.1.2 Rock

Bedrock & the Lungmen NPS ste conggts of interbedded and interlaminated fine-grained dadtic sediments
that are generdly hard, wel-indurated and srong. severd of the dratigraphic horizons contain
interconnecting networks of joints, bedding deavages, and shear-rdaed fractureswhich will facilitate
excavation. Other horizons congst of extremdy dense, hard, wel-cemented materidswhich will be more
difficult to remove Quditative indications of rippaility were gained from the containment area shafts thet
were excavated for the purpose of performing plateload tests. For the unit 1 plate load test, the bedrock
was excavated from an devation of 8 mto 1 m above sealevd dmogt entirdy by backhoe. For the unit 2
plate load test, bedrock was excavated from devationsof 11 mto 3.2m, but initia breskage of the rock by
backhoe-mounted percusson chisd was reguired before mucking could proceed. Subgantia portions of
the bedrock a Lungmen NPSwill not yidd to conventiona soil-dte excavation equipment (bulldozers,
scrgpers, loaders, ec.). However, dynamite blasting will nat be permitted to occur within 2 m of find
foundation grade or 2 m of any finished cut face, except if test bladting is parformed to verify that the
procedure will not affect thefinished cut surfaceswithin 2 m. Thisis because of known presence of the
interconnected fracture networks described in the preceding paragraph. Ground accderationsresulting
from repested dynamite charges have the effect of further opening exiging joints and other discontinuities
Thisnot only weskensthe rock mass from agructural gandpoint, but dso enhances the flow of ground
water, which isknown to exist in the fracture network.

Permanent dopeswill be required in the foothill areato the west and southwest of Lungmen NPS power
block. In some aress, those dopes will extend to heights of 30 to 35 m above plant gradelevd and will
require dabilization to precludefailure. Further discusson can befound in Subsection 2.5.5.

Temporary condruction retaining dopesin bedrock a Lungmen NPS Ste are expected to consst of the
wadlsof excavationswhich are condructed to reech foundation grade leves.

Experience gained in excavaing the plate load test shaft & Unit 1 showsthat rocksthat have been
weskened by shearing, extensvejoints or fractureswill not stand without support for any apprecidble

length of time.

It isproposed to support the verticd faces of the excavations using soldier pilesand rock anchors grouted
into the intact rock beyond the assumed seam line. The Soldier piles define the vertica face of the cut. The
excavated vertical surface will be covered with shotcrete reinforced with welded wire fabric. The soldier
pileswill be placed a about 2 to 3 m horizonta spacing around the excavation Stesand will be supported
by rock anchors a gpproximetely 1.5 to 3 m gpacing verticaly (Figure 2.5.10).

Asmentioned in Subsaction 2.5.1.2, thereisapotentia for encountering shear zones or shear-related wesk
zonesintherocksa Lungmen NPS ste. In addition, the core samples indicate thet some of the rocksin the
foothill areintensdy weathered to condderable depths. These zoneswill require pecid measuresfor
dahilization when they are encountered during the dope excavation. A conservative dope desgn will be
developed and provided with the FSAR. During dope excavation an enginesring geologist will supervise
excavation methods and will designate areas which require pecid trestment. The cut dopewill be mapped
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in detall prior to gpplication of dope protection. A dope dahility andyssfor both atic and dynamic
conditionsis discussed in Subsection 2.5.5.

2.5.4.5.2 Backfill Requirements

The Lungmen NPSsteis primarily abedrock Steand it is planned that dl foundations of Category | and
Caegory Il sructureswill rest directly on firm, unvwesthered rock. It ispossble, however, thet some
exceptionswill occur dueto : (1) overexcaveion to remove excessvdy wesathered rock, (2)
overexcavation to remove rocks wegthered by shearing, or (3) asyet unmapped topographic low spotson
top of the bedrock surface. In the eventt that some portions of the Category | and Category 11 base matsdo
not extend to competent bedrock, it is planned that these areas will be backfidd with leen concrete The
bassfor thisisthet the compressihility of the lean concrete and bedrock arerdativey close

Badkfill will be required a the Lungmen NPS as described b ow.

25.45.2.1 Class A Backfill

Class A backfill isthat which is acogptable for use benesth Category 11 sructures and adjacent to both
Category | and Category 11 dructures. It shdl congg of crushed rock or grave in 9zefrom 3inchesto
No. 8 U.S. Standard Sieve Sze, or sand passing ¥2inch Seveto No. 200 Sze. Rock or grave beckfill shall
be compacted to 85% relative dengty determined in accordance with ASTM D4254. Sand shall be
compected to no lessthan 95% of maximum dry dendty determined in accordance with ASTM D1557.

25.45.2.2 Class B Backfill

2540

Class B backfill isthat which is used to bring the yard area up to grade aswdl asfor miscdlaneous
beckfill requirements not covered by dass A badkfill. The dass B typeisfrequently referred to as“ generd
backfill.”

The dass B backfill will conds of free-draining granular materid such as crushed rock or grave or sand
asindicated in Subsection 2.5.4.5.2.1. Crushed rock backfill againgt seismic category 11 sructures will be
compacted to 80% of maximum dry dengty in accordance with ASTM D 4254. Sand backfill will be
compacted to 90% of maximum dry dendty determined in accordance with ASTM D1557. In aress
which will provide foundation for warehouses, adminidrative buildings non-safety rdaed tanks
pavement, and other miscdlaneous dructures and equipment, dass B backfill compaction will be
increased to 95% of maximum dry dengity in accordance with ASTM D 1557.

Class B backfill was recently usad to bring the Ste up to 12.0 m finished grade.
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2.5.45.2.3 Lean Concrete Backfill

Lean concreteis acoeptable asasubditute for dass A or dass B backfill. The srength of lean concrete
dhdl bel3.8 MPaat 28 days. The properties of lean concrete meking materids for Seismic Category |
gructures shdl be smilar to those described in Subsection 3.8.1.6.1.

2.5.4.5.2.4 Backfill Source Parameters

The sources of badkfill materia are not determined and defined yet. However, Some generdizations can be
made with regard to the suitability of materids excavated for power block asasource of fill. These
generdizaions are drictly quditative judgments thet are based on obsarvationsin the fidd. The process of
formdlly gting the borrow source will require the collection and eva uation of quantitative deta

The overburden materids a Lungmen NPS Ste consg of three discrete layerswhich soil scientidsrefer to
a“A”,"B", and"C’ horizons(refer to Subsubsaction 2.5.4.2.3). The A horizon isconsdered to bean
organic zone and contains Sgnificant amounts of flora matter in various $ages of devdopment if living,
and in varying degrees of decompaodtion if dead. Under no condition will thismaterid be used as beckfill
or asafoundation materid for any permanent sructure. All of the*A” horizon will be removed and
digposad of inamanner and in alocation that is condsent with good environmentd practices The
thickness of the organic zone varies, but for estimating purposes, an average thickness of 1 misassumed.

Directly underlying the*A” horizon, the*B” horizon congsts of unconsolidated inorganic sediments,
mainly day, St and sand, with minor amounts of grave, cobbles, and boulders. No quantitative testing
was performed on thismaterid, but fidd observationsindicate thet alarge portion of the B horizon can be
usd asdass B generd badkfill provided the materid is sdectively excavated and suitably moigiure
conditioned such thet the ASTM D1557 compaction requirementswill be atained. Almogt dl of the B
horizon is presently saturaied by ground water, hence the principa upgrading task will beto drain the
materidsto reduce the moidure contentt. In addition, an indeterminate amount of sdective sorting will be
reguired to remove cobbles and boulders excessve day, and any organic debristhat may have been
missad during the process of removing the A horizon. Detailed procedures and specifications for upgrading
will be written and will befollowed during the cut and fill planning stages. Such procedureswill requirea
certain amount of quantitative data. The investigation program will indude a representative number of
samplesfrom the Lungmen NPS power block area. The sampling procedure will employ the widdy-
acogpted Standard Pendtration Testing (SPT) method. Blow countswill be accuratdly recorded and
sected gpoon sampleswill betested by aqudified soilstesting laboratory to determineindex and
engineering properties. The quantitative data thus devel oped will be used to: (1) identify the most
promising areas and horizons, (2) accurady edimate thetota quantity of usable materid, and (3)
accurady assessthe extent of upgrading needed to mest compaction requirements

A third layer of overburden materid, the“C” horizon, underliesthe*B” horizon and condsts of weathered
bedrock materids The westhering processes are described in paragraph 5.2 of the Report of Foundation
Conditions, June 1983 ( Reference 2.5-6). The principd feature of weathering & Lungmen NPS Ste
conggsof afarly widevaiey of wegthering intendty. Theintengty variesfrom dight iron-oxide gaining
to complete dteration from bedrock maeridsto soil maerids Whether or not any of the weethered
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materia can be used asadass B backfill is a present, not known. The determingtion, if the meterid will
meet the compaction requirements, ather inits present Sate or through some upgrading processwill be
done Asinthe caseof B horizon, represantative sasmples of the westhered zone will be taken during the
beckfill investigation program and tested for index and their use will depend to alarge extent on the results
of thetests Theresuits of these testsand investigationswill be provided with the FSAR.

Condderation has been given to erecting ahigh capecity crushing plant to processthe firm, unwesthered
bedrock into dass A and dass B grade backfill. Such an operation has didinct possibilities and would
patidly resolve the problems of digposng of excavated materids.

2.5.4.6 Groundwater Conditions

Invegtigation of groundweter quality & Lungmen NPS site was darted in 1980 to determineif potential
exiged to encounter corrosve water & plant foundation levels A total of 23 exploratory wellswas used
for invedtigation (Reference 2.5-57). Water sampleswere collected over aperiod of time from thesewels
Thewater wastested for the presence of chemicas The chloride and sulfate sdtswerefound to beless
then 250 mg/l, the tap water quality Sandard in Taiwan. Somewdls, within aradius of 5 km of Lungmen
NPS, had higher dkdinity, acidity, total hardness or turbidity or presence of iron. However, not dl wells
weresmilarly afected. Somewdlsin the northern zone hed higher pH vaue, turbidity, akainity or
hardnesswhile those in the south had a higher biologica oxygen demand, and coliform count. Table 2.5
10 showsthe resultsfor one of thetypicd drill holes

Thewater table height & Lungmen NPS steisfound very doseto the grade devation as discussed in
Saction 2.4.12. Thus, the rocks are saturated. However, that does not affect the gahility or the loading
cgpadity of therocks It is planned to dewater the Ste during condruction. The dewatering will remain
active during Lungmen NPS operating life. It isestimated thet for Unit 1 Reactor and Control Buildings
areaapproximatdly 55 m/day spring water will need to be pumped out during excavation and 52 m/day
during plant operation. Rock drataunder Unit 1 has higher permeghility and thus, these numbersare
consavaive Planned Drainage ditches and sumps around the excavetion areawill keep the areadry
during congtruction. Suitable pumping arrangement is planned to keep the plant Ste water table under
control throughout the life of the plant.

2.5.4.7 Response of Soil and Rock to Dynamic Loading

2542

This section provides geotechnical information for the Lungmen NPS Ste-spedific soil and rock profiles
and their regponse to dynamic loading from earthquakes The gahility of dl soilsand rocks which may
affect the sofety of Sagmic Category | Sructures under dynamic loading conditions, usng Soil Structure
Interaction (SS) technique, Shdll be evaluated and the results shdll be provided in Appendix 3A inthe
FSAR.

The project Ste principal rock srataindude (Subsections 2.5.1 and 2.5.2) Tatungshan Stratum, Makang

Stratum, Wuchihshan Stratum, Fangchueh Stratum, Mushan Stratum, Tdiao Stratum, Shihti Stratum,
Quaternary sediments and igneousrocks. The remaining arealis covered with the quaternary sediments

Geology, Seismology, and Geotechnical Engineering



LUNGMEN UNITS 1 &2 Preliminary Safety Analysis Report

thin unsolidified layer which conggts of plaform depogts, dluvium, sand hills, colluvium, laterite,
volcanidadic gravel and shore sand.

The mogt important faultswithin 8 km radius from the plant Ste are Chuchih Fault, Acoti-Shuanghs Fault,
Kungliao Fault, Fangchiao Fault and Y entzukOeng Faults. Thereis no evidence of mgjor faulting within
1 km of the plant Ste. Thereisdso no evidence of other geologica hazards such aslanddides, or
subsdence which could adversdly affect the ssfety of the plant. The data produced by the Kungliao Area
Fault gudy (Reference 2.5-5) demondrateswith ahigh leve of confidencethat there are no cgpablefaullts,
usng USNRC sting criteria, in the vicinity of the Lungmen NPS plant Ste

Derivation of the desgn Operating Bad's Earthquake (OBE) and Safe Shutdown Earthquake (SSE) is
outlined in Subsection 2.5.2. Desgn pectraare presented in Subsection 3.7.1 and SS andysesis
discussed in Subsection 3.7.2.4.

2.5.4.7.1 Response of Rock to Dynamic Loading

Thefoundation rock isencountered at the reldively shalow depth of between 0 and 10 m. Thereforedl
Sagmic Category | sructures shall be founded on rock. The datafrom core drilling demondrates thet the
foundation rock (Reference 2.5-7) a the plant Ste conggs of dark gray sltstone and medium gray fine-
grained sandgtone belonging to the tatungshan formation of oligocene age: Thisrock will provide excdlent
foundation for the Lungmen NPS,

The depth of rock weathering in the plant areais not regular and the thickness of the weathering rock layer
isabout 5to 12 m. The change of saiamic wave velocity showsthat the rock has sructurd characteridics
of joints and deavages The results of saismic messurementsindicate that thereisacrushed bdt intherock
wadl intheplant area. The crushed rock bdlt was evaduated and shown to have no detrimental effects
(Reference 2.5-7).

The seismic records available a Chenliao and the earthquiakesin years 1832 and 1916 in llan are teken
into condderation. The earthquakes having the mogt effect at Aoti werethe Great Western Earthquakesin
1810 and 1832, and the Great Chilung Earthquake in December 1866 that hed an intengty of 7.0
magnitude on the modified Mercdli scale and an accderdtion of 0.35g. The accderationsfor the Lungmen
NPS ste has been increased to 0.4g for SSE and 0.2g for OBE (Subsection 2.5.2) dynamic loading.

Shear modulus and damping are the two dynamic enginesring propertiesimportant for evauation of the
Ste response under earthquake loading.

Thereaults of thein-gtu dynamic testing for evauation of the Srain dependent shear modulusand

damping ratios are presented on Fgure 2.5-23, Tables2.5-16, and 2.5-17. These drain dependent
properties have been used in determining the Ste pecific OBE and SSE ground mations
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2.5.4.7.2 Response of Saoil to Dynamic Loading

Theplant areais covered by dluvium, ranging from 0 to 10 min thickness, except for the ground outcrop
of rock. Mog of the arealis used for agriculture and the soil layer ismainly composed of dayey Sit and
sand mixed with some grave and pebbles Mo of the surface soil bdongsto sandy loam which has good
permesbility. The resuits of the response of soil to dynamic loading will be provided inthe FSAR.

2.5.4.8 Liquefaction Potential

All ssfety-rdated structures are founded on rock. Therefore, liquefaction during OBE and SSE and ground
ubsdence due to nonsasmic attivities such asmining, eroson, floods, and fluid withdrawd, arenot a
factor neading condderation at the Lungmen NPS Ste (Reference 2.5.2).

2.5.4.9 Earthquake Design Basis

The maximum vibratory motion expected at the Lungmen NPS steis 0.4g from the SSE and 0.2 g from
OBE for both horizontal and verticd directions The design basesfor the SSE and OBE dynamic loading
arediscussad in Subsaction 2.5.2. The design spectrafor these earthquiakes are presented in Subsection
371

2.5.4.10 Foundation Stability

2544

Sagmic category | sructures are likdly to have crushed stone backfill. The foundation rock &t the
Lungmen NPS ste condss of hard, wel cemented, fine grained sandgtone, ltstone, and shde of
oligocene age. The rocks have acoeptable bearing cagpadities.

Therock bearing pressures shdl be so determined asto maintain overdl moment equilibrium for eech
building. The gpplied momentsare dueto active soil pressure (or interaction foroe) and building base
moment. The ressting moments are due to passve soil pressure (or interaction force) and wal skin
friction. The unbaanced moment will be ressted by the underlying soil which, together with gpplied
verticd loads, determines the bearing pressures assuming no tenson in soil. The effect of bi-axid bending
is congdered in determining the maximum beering pressure.

For Lungmen NPS Units 1 and 2 foundations the dlowable bearing capadities are:

Location Satic Condition Dynamic Condition
kglon? kglon?

Bearing on top of intact rock* 15 20

Bearing a adepth of 15 m* 30 40

bdow top of intact rock

* Bearing pressure between top of intact rock and 15 m depth will be calculated by interpolating.

Thetotd and differentia foundation settlements and maximum bearing pressure for Sasmic
Caegory | gructures shdl be provided with the FSAR.
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2.5.4.11 Design Criteria for Safety-related Structures on Rock / Sail

The methods used in evauating the Lungmen NPS Site response characteristics and seismic design of
safety-related fadilities are presented in Sections 3.7 and 3.8. Reference Subsection 2.5.2 for SSE and
OBE dynamic loading, repectively. The basic geotechnica design criteriafor Sesmic category |
dructures areliged in Subsections 2.5.4.1, 2.5.4.2, 2.5.4.6, 25.4.7 and 2.5.4.8. Discusson of the
computer programs used in dynamic andyssis presented in Appendix 3C and Subsection 3.8.1.4.

2.5.4.12 Techniques to Improve Subsurface Conditions - Rock / Soil

Groundwater is present in the overburden and dewatering will be reguired during condruction and
operation of Lungmen NPS (Subsection 2.5.4.6). The Lungmen NPS plant Ste shdll have apermanent
dewatering system and therefore groundwater will pase no problem during condruction and operation.

A function of this dewatering system isto diminate the gpplication of buoyant forces on buried Sructures.
The dewatering sysem condgs of dainless sed streen 200 mm drain pipes, polyvinyl chloride 50 mm
perforated subdrain pipes, collector trenches and sumps. The dewatering system has been designed such
that thewater flows by gravity towardsthe sumps. A totd of 6 sumpsis provided to collect water under
the Reector Building and Control Building foundation mats. Thewater is collected in sumpsand from
there the pumps discharge thiswater to the Ste drainage sysem. The manholes fadilitate ingoection and
deaning of the drain pipes The desgn detalls of the dewatering sysem, induding Sze of sumpsand Sze
of the pumps, will be provided with the FSAR.

Theremay belocd dope gability problemsin degp excavationswhere bedding planes or joints dip out of
cut faces These problemswill be adequatdy handled by appropriate design and condtruction procedures
and foundation dental work will be performed where gppropriate. If soft rock or fridble rock is encountered
and concrete mortar shotcrete protection is not possible, horizontal lagging will be utilized to protect from
rock dides

Blasting may be utilized for rock excavation (Subsection 2.5.4.5.1.2). The quantity of dynamite utilized
for rock excavation shdl be basad on the requirement that thefinal grade, foundation, and finished cut
urface are not damaged. The blagting work will not be permitted within 2 m from thefind grade
foundation and/or finished cut surface, except where test blagting has demondirated thet it will not affect
the cut surface within 2 m distance.

Thedesgn ddalls of therock anchor sysem, indluding method of inddlation and condruction
procedures, shall be provided with the FSAR. The rock anchor strength shdll be determined through the
pull-out tes, the srength test, and the durakility tests The results of these tests shdl dso be provided with
the FSAR.

There are no extractable minerds or economic depodits of cod, petroleum, etc., which could creste the

potentid for subddence of the foundation rocks a the plant Ste. The subsidence potertid, therefore, is
zexro.
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The groundwater quality investigation has not produced any evidence thet the plant Steisunderlain a
depth by warm, sulfurous, or acidic ground water which would pose corrosion problems.

No other gpecid trestment isreguired to improve foundation conditions beneeth the Sasmic Category |
Sructures beering on rock.

2.5.5 Stability of Slopes

Up to the present time, the Stewas leveled to the devation of 12.0 m. All the permanent cut dopes (Figure
2.5-33) surrounding the Ste was completed in 1985. Before the congtruction of these cut dopes, a
thorough dope g&bility andyss by usng geometric parameters, such as Sereoprojection of the
discontinuities, wedge andyds, and finite dement modd was conducted by Padific Engineersand
Condructions, LTD, (Reference 2.5-63). Sope characteridics, desgn criteriaand andyss, thelogs of test
pit for the power blocks and filling materid are described bdow.

2.5.5.1 Slope Characteristics

Asmentioned above, the Ste areahas been levded to the devation of 12.0 m. The power block areaor the
Caegory | sructurewill be found on the bed rock. The foundation of these dructures as shown onthe ste
geologicd map (Figure 25-24 and Fgure 2.5-11) are the Tatungshan Formation of Oligocene and the
Wuchishan Formation of Miocenein age They are characterized by aseries of dipping sedimentary units
thet Sriketo the northeast and dip to the southeest. The dip of therock unit &t the Ste ranges between 30
and 40 degrees. Flled and unfilled joints are common in the rock massthroughout the Ste area. The dtrike
of mog jointstrends to the northwest and dips are generdly seep (60 to 80°C) with respect to bedding
planes Some referred to as shears or shear zones and characterized by the present of intense fracturing of
the origind rock, inplace crushing of the origind rock, the devd opment of mylonite, brecda, gougeand
some combination of these features are found.

The presence of the shears a the Steis nat expected to pase amgor problem with the foundation
maeriads Sometrestment of these shears may be required, but such trestment iswell within current
foundation technology, such astie back anchoring, and is not expected to be extensve.

2.5.5.2 Design Criteria and Analysis

2546

The previous dope gahility Sudy suggested thet the sandard cut dope design cdllsfor abenched 1:1
(H:V) dopeinrock, ovelan by a2:1 (H:V) dopein degply weathered rock and overburden. Each bench
hesaverticd height of 7.5 m and has 4 mrwide horizontal bench. It was conduded by the wedge method
that the design cut dope supplemented by athorough drainage by horizontd drain holewill producethe
factor of sefety 1.67 and 1.16 under the condition of 0.2g and 0.4g seismic acoderation (modded asa
psaudogtactic seigmic foree) and without hydrogtactic forces. As mentioned before, the cut dope
surrounding the Site area (Figure 2.5-33) was completed in 1986. All these cut dopeis proved to be seble
after the condruction for more than 10 years
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25.5.3 Logs of Borings

Twotes pitsfor plate loading test arelocated gpproximatdy in the center of the proposed Unit 1 and

Unit 2 reactors (Sinotech Enginesring Conaultants, Inc., 1983). These pitswere excavated on arddively
flat farm fidd & the ground devation of 12 mto adepth of 11 m at Unit 1, and 13.4 m to adepth of 10m
a Unit 2 rexpectively. The overburden was excavaied to adope of 1:1 (H:V) from the ground surface to
bed rock. The excavated dope was dahilized by three rows of sandbaginitstoe Thebed rock was
excavated mechanicdly by abregker inddled in abackhoeto 2 m above proposad excavaion levd which
wasthen followed by hand digging to minimize any disurbance that may have causad to the test surfece.
After excavation the rock walswere lined with plunk and supported by sed beams The space between
the plunk and sed support wastightened up by inserting wooden wedges. Asmogt of the pits are Stuated
blow groundwater table, dewatering by using asubmerged pump indaled in asump a the corner of the
pitisapplied. Figures2.5-34 and 2.5-35 are geological logs of bore hole CA-1 and CA-8 parformed in
phase invegtigation program and the geologicd records of thetest pits. For more detailed geologicd profile,
See References 2.5-58 and 2.5-60.

Theexperience of thetest pit excavation suggessthat the generd areaof unit 1isesder to excavatethan
the unit 2 area. However, the ssfest generdization that can be made isthat subgtantid portions of bedrock
a power block areawill not yidd to conventiona soil-dte excavation eguipment (Bulldozers, scrapers,
loaders, €c). It isrecommended that dynamite blagting not be permitted within 2 m of find foundation
grade or 2m of any finished cut face. The bagsfor this recommendation evolves from the known presance
of the interconnected fracture networks described in the preceding paragraph. Ground accderations
resulting from repeated dynamite charges have the effect of further opening exiging jointsand other
discontinuities This not only weskensthe rock masses from agructura sandpoint, but also enhancesthe
flow of groundwater, which isknown to exig in the fracture network.

2.5.5.4 Compacted Fill

The presant design of the excavation for the power block will bethe vertical cut dope protected by the
surrounding in-place large pilesin incorporation with the tie back anchoring. It is anticipated that most
foundation of Category and Category  structureswill rest directly on firm, unwesthered rock. Thereisno
need to put compacted fill right behind the piles In case that some portions of Category and Category
base mats do not extend to competent bed rock, it isrecommended that these areas be badkfilled with lean
concrete. The bagsfor this recommendation isthat the compressihility of thelean concrete and bedrock
arerddive dose, whereas sand or rockfill evenif properly compected, will be somewhat more
compressible than bedrock, which introduces the posshility of differential settlement.

2.5.6 Embankments and Dams
Asdated in Subsaction 2.4.2, the 120,000 cu m raw water storage resarvoirs|ocated on thewest hill of the
power block a devationsfrom 100 to 135 m ML are podulated to fail. However, because of the

topographic features, which directsthe flow dsawhere, no weter dueto resarvoir falurewill reech the
power block area
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Basad on the above condderation, no embankmentswill be nesded to protect the sefety-related Sructures
ingde the power block from the flood caused by the rupture of the raw water dorageresarvoirs: Thedte
drainage plan (Figure 2.4-3) (Subsection 2.4.2) showsthat no other embankments or damswill be
condructed in Y enliao Ste causng any potentid flood hazard to the safety-rdated fadilities of Units 1
and 2.
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