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INTRODUCTION

A typical case—study is illustrated to siting for key hydraulic project in
strong earthquake zone in the book, and the systematic theory and
methodology is presented to catch a “safety island”"——relative stable
landmass as the site of key facilities in the Heishanxia Gorge of the upper
reach of the Yellow River, that is located in the high intensity area and sur-
rounded with three major earthquakes with M>8.

The Heishanxia Gorge with 71km long is latest valley of upper reach of
the Yellow River at which high dam can be built, reseving abundant hydrau-
lic resources. Utilization of the Gorge’s hydraulic resources will be extremely
important to promote the development of Shaanxi, Gansu, Ningxia, Inner
Mongolia and other provinces, also provide a very glorious prospect to large
area land using of Northwestern China. Two sites are recommended: one is
Daliushu site about 2km down to the exit of the Gorge, other, Xiaoguanyin
site about 21km up to the entrance of the Gorge. The distance between two
sites is about 48km.

The feasibility of developing the gorge has been studied since 13954,
The detail investigation and survey for siting has been undertaking by
insititutions from Gansu province, Ningxia Hui autonomous region and
Centeral Ministries. The principle points for siting are presented as follows:

——In 1961, former Water and Electricity Ministry’s Beijing Surveying
Designing Institute completed the first report on primary design siting for
Daliushu dam. The inspection result on the report presented “The geologic
condition of Daliushu dam foundation is so complicate that it is unsuitable
to construct high concret dam with 170m high. There exits the possiblity of

rockfill dam, but the final conclusion can be received unless more detail in-
e 1 s



vestigation and survey are conducted.”

—In 1980, the Electricity Power Ministry’s Northwestern Survey and
Design Institute proposed the report on site—selection for Daliushu dam and
the geologic report on site comparation. The inspection by the institute sug-
gested the Daliushu site could be as one of candidative dam sites and has
the possibility of building concret high dam with-164m.

—In 1883, the Science Technology Association ot China organized an
engineering geology expert group to consult the feasibility on siting in the
gorge and suggested the rockfilling dam for Daliushu site. Meanwhile,
Northwestern Survey & Design Institute presented “Recompiled and com-
parative report on developing ways of Heishanxia Gorge that proposed the
high concret gravity dam could not be ensured to construct on the firm
geologic foundation until the rockmass weathering, foundation sliding sta-
bility, natural constructing material are well known, but at present stage the
rockfilling dam is safe.

——In 1984, the enginzering geology instruction of Xiaoguanyin dam
and Daliushu dam was presented.

—1In 1991, Tianjin Survey Design Institute recommended the one—level
developing programme be concret plane—plate rockfill dam for Daliushu site
on the base of engiheering geology. slope, cavity and seismic risk analysis,
with 163.5m high and dam top altitute 1386m, normal water storage level
1380m, and the auxillary facilities were suggested.

The adequent investigation has revealed the engineering geology fea-
tures of Daliushu site: 1) Basic earthquake intensity is VIf degree; 2)No signif-
icant fault along the river; 3)Tectonic condition is complex in around site,
and F1, F3, F7 EW-direction reversed high angle faults controlled the site
rockmass; 4)Dam located in rigid slight—metamorphic arkosite interbedded
with little phyllite and slate (less than 20%): 5) Adit could be excavete on the

right bank rockmass; 6)The present investigation mainly for one—level de-
- 2 L]



veloping programme,

The Daliushu site is only 2km far from the Zhongwei—Tongwei active
fault belt in where a strong earthquake occured in 1708 with M=7 1 /2
and epicenter is 30 km away. The structure in around site is complex. So
some problems need to be further studied:

——What is the age of the F1, F3, F7 fault activity and whether or not
they can creat obvious displacement in the foundation ?

~-—-The explorating adits reveals that rockmass is relatively broken in the
site and the P—wave veloceity is not high, does that present the extensive
loosing rockmass or the proper feature ?

——ls there "wide—range rockfall” on the two bank slopes, and to what
degree will they threat the slope stability ?

The three problems detemine the engineering geology feasibility for the
high rockfilling dam programme,

The book summaries above results and provides futhur conclusions for
Daliushu dam siting, also proposes a set theory and methodology for siting
of key facilities in strong earthquake belt or high intensity zone.

In 1991, Consultant Centre of Science Technology of China organized

an engineering geology expert groups to undertake the siting investigation.
Three further studies are set up: regional crustal stability assessment,
rockmass quality reasch and slope stability analysis. The advanced thecries
and methodologies have been applied, such as "Safety Island theory” for
relative stable landmass, "rockmass structure controlling” for rockmass qual-
ity reseach, "preferred plane theory” for slope stability analysis. Surface
wave, CT tomography imagery, mineral package body test, Monte—Carlo
simulation, expert system and other methods also were applied. These stud-
ies reveal further the engineering geology condition and earthquake geology
condition:

1. Daliushu dam site is located in the Yemingshan landmass, secondary
L] 3 L]



landmass of the Xiangshan uplift that is composed of epimetamorphic sand-
stone intercalated with slate and phyllite of Xiangshan group of Middle
Cambrian system. The landmass is surrounded by the relatively soft forma-
tions of upper paleozonian. And NNW-—direction faults in the eastern area to
the site plays a "screen” attenuating earthquakes role. That is benifit to the
regional stability of the dam site.

2. There exist several major faults in near the site: F1, F3, F7 and F201.
The Quaternary analysis, isotope dating and seismic risk analysis indicate
that no obvious evidence shows the activity since Holocene and it is impos-
sible that these faults create significant earthquake. The dam foundation
may be affected by the outside earthquake vibration and could not displaced
by these faults.

3. The basic rockmass quality in the dam site belongs mainly to 1. 1
and IV grade, in which II and IIl grade rockmass are about 57%. Little part
of rockmass is uncompleted under long term tectonic processes and weath-
ering unioading. Surface wave, borehole sonic wave and CT scanning show
no evidence of large scale rockmass loosing.

4. The system engineering geology analysis, esp., fluid inclusion, struc-
ture plane network model, risk degree and reliable analysis, slope stability
expert system assessment reveales the natural slope is at the stable state, but
local remaining small rockfall slide. The engineering slope design occupies a
high safety reseves.

In brief, the Daliushu dam site is located in the relative stable landmass.
The rockmass quality belongs to middle & lower level that can meet the

needs to build the high rockfilling dam.
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