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FOREWORD

The members of the second UAS Team éf specialists wish to
convey to their Chinese hosts sincere appreciation for the’
wérﬁ feception and gracious care dﬁring the visit. The team:
found théierhinese counterparts to be knowledgeable, skilled

professionals.
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INTRODUCTION

I. Background

The Government of the United States of America (US) and the. Government of the
Peoples Republic of China (PRC) signed a hydroelectric protocol in Beijing,
China, on August 28, 1980, for the purpose of establishing and promoting
cooperation in the field of hydroelectric power and related water resource man-
agement. This protocol is pursuant and subject to the agreement between the two
governments on cooperation in science and technology signed in Washington, D.C.,
United States, on January 31, 1979.

On March 15, 1980, during the visit of a US delegation to China, members of
the US and PRC delegations signed Annex I to the Hydropower Protocol.
Paragraph 5 of Annex.1 is concerned with cooperative activities on the Ertan
Hydroelectric Power Project in China and is divided into three main parts and
two subparts.

Part 5.1

As requested by the PRC Ministry of Electric Power, the US Water and Power
Resources Service* will send a team of five specialists to China for

3 months from August to October 1980, to study jointly with Chinese spe-
cialists the design alternatives for the Ertan Hydroelectric Power Project,
including navigation feasibility, and to make a study tour to the damsite.

Subpart 5.1.1

If the above joint study discloses the need for further work and the
Ministry of Electric Power desires further assistance, the details of
such assistance will be negotiated separately between the Ministry of
Electric Power and the Water and Power Resources Service.

Subpart 5.1.2

During the construction phase of the Ertan Project, the Water and Power
Resources Service will provide onsite assistance in construction engi-
neering and management if desired by the Ministry of Electric Power.
The details of such construction assistance will be negotiated separa-
tely between the Ministry of Electric Power and the Water and Power
Resources Service 6 months prior to the beginning of construction.

Part 5.2

As requested by the Water and Power Resources Service, the Ministry of
Electric Power will send five specialists to the United States for 1 month
to visit the Engineering and Research Center of the Water and Power
Resources Service and other facilities of relevance to this project.

*It should be noted that the US Water and Power Resources Service has been
renamed the US Bureau of Reclamation (USBR) and will be referred to as the
USBR in the following text.



Part 5.3

The Ministry of Electric Power and the Water and Power Resources Service
will hold further discussions after these visits and may decide on further
cooperation on the comprehensive development of the Ertan Project and
related scientific and technical research.

Part 5.1 provided a team of five specialists would visit China for 3 months. By
agreement with the Ministry of Electric Power, it was determined that two visits
of approximately 6 weeks each would be more productive than one 3-month visit.
The first visit took place from October 8 through November 14, 1981.

The second six-man team visited the PRC from March 21 through April 11, 1983.
See Appendix B for makeup of the team. Their itinerary is given in Appendix C.

This report covers the visit of the second group of US specialists (herein
referred to as "the team”) and their review and suggestions on the Ertan
Hydroelectric Power Project feasibility study. The study is being conducted by
the Chengdu Hydroelectric Power Survey and Design Institute (CHPSADI), Chengdu,
China. This Institute is the principal coordinator and design group for the
project.

The activities under part 5.2 took place in early 198l.

II. Objective of Visit

The specific objective of this visit was to review and comment on the Ertan
Project feasibility study prepared by CHPSADI. The feasibility study recommends
the alternative layout of a double-curvature arch dam and underground
powerplant. The flood discharge structures are mainly composed of overflow
spillways and middle level outlets. In addition, there are ski jump chute
spillways on either side of the control overflow spillway and a tunnel spillway
in the right abutment, all used as auxiliary spillways. All these spillways
have flip buckets.

The team focused on the preceding proposal and alternatives thereto. As an
adjunct to the objective of reviewing the feasibility study, a second objective
of the visit was to display to the PRC Government that in addition to the

US Government engineering agencies, the United States also has world-renowned
engineering talent in the commercial (non-Government) sector.

I1I. .Procesq

The members of the team began their preparation for the visit by reviewing the
January 1982 report of the first team. In addition, a list of 24 specific
questions relative to Ertan Project (see Appendix E) was forwarded for review.
Upon arrival in Beijing, discussions were held to confirm the schedule and
objective. The team reviewed a variety of hydraulic, geologic, and structural
models of various project components in Beijing, Tianjin, and Chengdu. CHPSADI
provided a brief summary (translated to English) of their feasibility study
results in Chengdu. Photo copies of four drawings from the summary are included
as Appendix F. The drawings illustrate the concepts of the dam and powerplant.
Numerous documents in Chinese were interpreted by team members Yeh and Chiang.
Following technical briefings and site visits, individual technical discussions
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were held on the functional areas of hydraulics, geology, structures, and
construction management. Group discussions involving all specialties were
held on: 1) structural stability of the dam and foundation; 2) the con-
figuration of the spillway; and 3) the configuration of the underground
powerplant. Each of the specific questions relative to Ertan Project were
discussed during the individual technical discussions. The substance of
answers to these questions is included in this report. It was recognized that
complete answers to many of the questions would require more time and study
than this visit permitted.

The team met regularly at meals and in the evenings to discuss their reviews. A
final presentation of comments, conclusions, and recommendations was made by the
team in Chengdu on April 8, 1983.

A listing of Chinese engineers and specialists who participated in site visits
and technical discussions in Dukou is included as Appendix A.



CONCLUSIONS AND RECOMMENDAT IONS

The review time available for the team was limited for such a complex project.
Thus, the team focused on concepts, approaches to problems, and methods of ana-
lysis. The team is of the opinion that:

1. The appropriate design considerations for the project are being prop-
erly identified and evaluated.

2. With the proper implementation of design principle and construction
techniques discussed, the proposed plan is technically feasible.

Although the team believes the plan is technically feasible, it also believes
some improvements may be possible and should be considered in the final design.
The more significant ones are:

1. Possible reconfiguration of the spillway system to eliminate the ski
jump chutes because of cost and construction difficulties.

2. Possible reconfiguration of the underground powerplant complex to eli-
minate the underground transformer chamber and modify the surge chamber to
reduce construction difficulties and minimize reliability and safety risks
in the transformer chamber.

The team concurs that two potential landslides exist on Jin Long Mountain near
the construction site. A massive deep-seated slide with severe complications
"has a very low probability of occurrence. Shallower slides at the same location
are thought to have a fairly high probability of occurrence as the reservoir is
raised. Impacts from slides would involve the buildings on the mountain and the

diversion tunnels. The lesser slide should not severely impact the dam or
reservoir.

The team believes the Ministry of Water Resources and Electric Power should
consider:

1. A detailed review of final design by engineers experienced with high
dams and large hydroelectric installationms.

2. Continuous. consultation in the field of geology beginning in the design
phase through all dam foundation and major underground excavation.

3. Continuous consultation in the field of construction management
beginning in the design phase through all construction.

The Ministry may wish to consider formation of a consulting board to assist
management through the design and construction period.

The team compliments all who have contributed to the extensive studies and
investigations. The quality of the work is indicative of skilled professionals.




POTENTIAL ENGINEERING SERVICES

S

Based on obsefvations of the team, following are poténtial pfofessionai services
which could be provided by US companies or agencies:

] Review of finalldesigns

e ',Provide specialists for on-site work and/or partiéiﬁétion on -
consulting board ' '




ENGINEERING GEOLOGY

I. Observation of Geologic Model

March 28, 1983, Chengdu Institute of Science and Technology. — We viewed an
excellent three-dimensional geologic model of the dam which was superimposed
on the geologic formations in the foundation enabling the team to obtain a
better understanding of the important areas in the right abutment.

II. Introduction to Engineering Geology

The engineering geologic work done on this project .to date is outstanding and
the coverage was very complete. There have been a large number of adits dug
into each abutment of the damsite, and into the locations of the proposed
underground chambers. Adits have also been dug into Jin Long Mountain to
investigate possible landslide areas. These adits have been invaluable to
CHPSADI geologists and designers and to the US team in obtaining first-hand
knowledge about underground rock characteristics in areas of important struc-
tures.

The adits also made it possible for CHPSADI to perform comprehensive in situ
testing of rock properties and to obtain samples of rock for laboratory testing.
In addition, a large number of exploratory holes have been drilled and other
investigative work performed.

There have been excellent presentations by CHPSADI of findings from the investi-
gations, testing, and analyses. Summaries of the data were provided the team,
and these were relied on in formulating conclusions presented in this report.

No original geologic data were furnished or reviewed.

The January 1982 report of the first US team describing its visit of October 8
to November 14, 1981, provides an excellent summary description of geologic con-
ditions which will not be repeated herein. Recommendations of that report have
been followed and in some cases new, important data have been gathered which may
result in slight modifications of conclusions.

III. General Rock Description

A detailed description of the stratigraphy and lithology is contained in the
first US team report. The most important rocks at the damsite are:

1) syenite, an intrusive rock which occupies most of the dam's left abutment and
the underground powerplant areas; 2) basalt, of several categories which occu-
pies most of the right abutment and other areas not intruded by syenite dikes;
and 3) uralitized basalt, a problem rock in two zones of the right abutment.
There are well-developed joint systems in all of the rock, which have been
mapped in detail. There are several minor faults including the most important
one designated F-20 located in the right abutment dam foundation. The faults
appear inactive and are quite thin. They should have little influence on the
design or construction of the dam.

All of the unweathered rock at the site is of excellent quality and appears to
be water tight. The weathered rock is much softer. The uralitized basalt poses
a difficult problem for the right abutment foundation for the dam.
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One of the important rock characteristics for design of the dam foundation,
including abutments, and for the underground chambers is that of "modulus of
deformation.” The first US team presented suggestions on design values for

each important category of rock, based on data collected before that time.

Since then, a considerable number of excellent large-scale tests have been per-
formed in the adits, and summaries of results furnished to the team. The por-
tions of these summaries covering "mean” and "low mean"” values from in situ
tests of the rock on which the dam is intended to rest are presented in table 1.

TABLE 1

MODULUS OF DEFORMATION
SUMMARY OF FIELD TEST DATA

Rock
Condition Rock Number
First USBR Condition of Mean Value Low Mean Value
Rock Type Team System) (CHPSADI) Tests 103 kg/cm2 103 kg/cm?2
Syenite Unweathered Best -9 431 340
Slightly
weathered Medium 12 154 115
Altered Unweathered Best 10 531 444
Basalt
Slightly Medium 8 121 86
weathered
Augen Unweathered Best 6 361 292
Basalt
Slightly Medium 4 119 93
weathered
Uralitized Best 6 328 287
Basalt
Medium 18 119 83
Low strength 10 37 27
Weak 23 10 6

A second important rock characteristic for design of the dam foundation is that
of shearing strength, particularly for the zones of rock immediately downstream
of the dam. Additional tests of this characteristic have also been performed,

with the results shown in table 2.



TABLE 2

IN SITU SHEAR TEST RESULTS
. Friction
Rock Rock Coefficient Cohesion
Type Condition (tan ﬂS kg/cm?
Syenite Intact 2.2 30
Joint 0.7 0
Without
normal - Avg. = 46 -
load Low Mean = 34
Altered Intact 1.65 6
Basalt
Without
normal - Avg. = 16
load
Uralitized Intact 1.9 21
Basalt
Intact 1.52 13
Augen Intact 1.82 30
Basalt
Without
normal —_— 34
load

IV. Dam Foundation

Selection of appropriate criteria for use in the design calculations is strongly
influenced by a knowledge of procedures and shortcomings of the field and
laboratory tests of rock specimens. In general, laboratory tests give more
reliable results for the intact rock than field tests, because good samples are
possible to get and better control can be exercised. The opposite is true for
jointed rock. Large-scale field tests for rock which is jointed, or even
minutely fractured, are more reliable than laboratory tests. These latter
tests must be, and were, performed in the adits. Both types of test, and

other tests, are influenced to some extent by general relaxation of rock due

to stress relief around the adits, and thus tend to give values which are

lower than that possessed by the rock in-place and not stress-relieved.

&=

With respect to the "modulus of deformation” values used in the analyses of the
dam and foundation, the team suggests using the weighted "low mean” averages,

although the team believes this is well on the safe side. Probably the most
accurate representation would be the weighted "mean” value. =

8
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For analyzing the stresses and deformations in the dam foundation by either the
finite element or the trial load methods, it is suggested that the following
values for Deformation Modulus be considered for the foundation rock.

Syenite 200 x 103 kg/cm?
Basalt 100 x 103 kg/cm2
Confined Uralitized Basalt 25 x 103 kg/cm?
Unconfined Uralitized Basalt 6 x 103 kg/cm2

These suggested values are more generalized than have been used in analyses so
far, but we doubt that more refinement is justified. It is assumed that the
foundation will be excavated to sound rock (unweathered to slightly weathered),
at least 50 meters deep horizontally. Any loosened rock immediately in contact
with the foundation concrete should be removed or pinned with post-tensioned
rock bolts for temporary stability. Slabs loosened on the upstream and
downstream sides of the foundation excavation because of stress relief should be
removed or rock bolted for safety.

We agree with the first US team that the in situ stresses in the rock should
be disregarded in analyses of stress and deformation of the dam foundation.

It is quite important to place a grout curtain for seepage cutoff, as is now
planned, under strict control of grouting pressures. Although all suspect rock
exposed in the foundation excavation should be removed, a good consolidation
grouting program under low pressures should be applied to fill undetected cracks
resulting from stress relief. It is also important to have a deep, comprehen-
sive drainage system in the foundation and abutments downstream of the grout
curtain, and a monitoring system to be certain that adequate drainage is
occurring.

For analyzing the dam foundation for sliding blocks downstream, it is the team's
belief that the rigid block method of analysis is most applicable. If calcula-
tions indicate the possiblity of tension on any plane of rock, it is recommended
that preventive weasures be applied, probably post-tensioned steel bars or
cables. Grouting, either cement or chemical, will not be effective in improving
the characteristics of the rock because the joints are so tight. This comment
also applies to the dam foundation.

The first US team reported some of the difficulties of reliably evaluating
shear test results. While the total strength of a rock specimen during a test,
either field or laboratory, may be representative, the separate contribution of
friction and cohesion during a test is unknown. Tests on several specimens to
separate these parameters are subject to errors caused by unavoidable differen-
ces in specimens.

After reviewing the data presented in the first US team report, as well as new
data available since that report, we conclude that the criteria presented in
that report are reasonable. This includes a recommended minimum factor of
safety for sliding blocks equal to 3, and desirable factor of safety equal to 4.

For the shearing strength of the sliding blocks, we recommend the tan ﬁ,values
suggested by the first US team, with cohesion as indicated by the more recent
field tests.



The cohesion for each shear test specimen can be estimated from the original
test data (not furnished the team) by applying an assumed tan}ﬂ'line to the
Mohr's circle for each test specimen. The cohesion for the specimen would be
the intercept of the tan:ﬂ line with the zero normal pressure line. It is
suggested that the "low mean value” of these intercepts be the selected design
value before application of the factor of safety.

From the information at hand, it would appear that the friction coefficient for
the intact rock part of the sliding blocks of syenite should be approximately
tan O = 1.4, cohesion = 210 kg/cm2 and for basalt tan # = 1.1, cohesion =

280 kg/cmz. It is suggested that the friction and cohesion values for the por-
tion of the sliding block along joints be as follows:

Syenite tan & = 0.65 cohesion = 34 kg/cm2
Basalt tan & = 0.65 cohesion = 30 kg/cm?
Uralitized basalt tan 4 = 0.50 cohesion = 15 kg/cm2

A combination of the "intact” and "joint” values should be applied in the analy-
sis of abutment stability, depending on the continuity index.

It is important to have knowledgeable, experienced engineers and geologists
examine and approve ‘all exposed foundation rock before placing concrete on it.

IV. Underground Chambers

The powerplant, transformer, and surge tank chambers are located in the left
abutment, mostly in intact syenite rock, but partly in basalt. These chambers
are very large, and are likely to be very difficult to excavate and stabilize.
This is not only because of their size and the jointed nature of the rock, but
also because of the high in situ stresses in the rock. The finite element
method of analysis, which is probably the best method available for this purpose,
predicts that there will be several centimeters of rock deflection into the
chambers. In practice, it is likely to be much more than this and will consist
of block moveument as well as elastic deformation. The amounts and locations

of movements are largely unpredictable and must be recognized and dealt with
during excavation. It is the team's opinion that the excavations should be

done in small increments, with rock bolting and shotcreting as temporary minimun
support.

A problem recognized by the team is the location of the three large chambers

near each other. This is highly undesirable, because the relaxation zone of

rock around one chamber will overlap with the rock relaxation zone of the adja-
cent chamber. It has been suggested that the transformer chamber be moved above
ground for other reasons than rock conditions. This would solve the problem of
overlapping zones of relaxation, and from the standpoint of possible difficulties
underground, is strongly recommended. At the very least, there should be a
minimum of two chamber widths of intact rock between chambers, and preferably
three widths.

It is suggested that a similar criterion be applied, where possible, to the
design of tunnels and other adjacent underground openings. Where this is not

practical, special excavation and stabilizing procedures will probably be
indicated.

10
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VI. Jin Long Mountain

Landslides have occurred on Jin Long Mountain and underground conditions favor
reactivation or initiation of major landslides into the reservoir as the water

‘rises. From examination of rock conditions in two of the adits, it appears to

the team that there is a high risk of an approximately 50-meter horizontal depth
of decomposed rock sliding into the reservoir. This could endanger the diversion
intake structures and create large waves.

It is unlikely that the potential slide material can be confidently stabilized

by internal drainage or token toe support. Possibly the intake areas could be
protected by rockfill buttresses during the diversion period. Possibly the best
solution to this problem would be to excavate much of the material involved and
place it in a toe berm or in the upstream cofferdam. The team believes solu-
tions to the problem merit further consideration, particularly because stability
analyses are not reliable for prediction of stability of such a mass of combined
clay and decomposed rock. Such analyses, however, might be helpful in evaluation
of possible remedial action.

By assuming that the potential slide mass is currently at the point of failure,
factor of safety of 1, the destabilizing effect of raising the reservoir can be
reasonably calculated. This will show a theoretical factor of safety of less
than 1. The benefits of stabilizing berms, or unloading part of the mass at the
top can then be calculated using the same shear strength assumptions originally
assigned to reach factor of safety 1. The team believes the minimum acceptable
factor of safety, including stabilizing berms and top unloading, should be 1l.5.

The preceding would cover the condition of reservoir filling, whether in the
construction or operation phase. A new analysis should be made in a similar
manner to evaluate the effects of reservoir drawdown. However, such effects
could be substantially reduced by appropriate installation of a drainage system.

The team also recognized another possible problem with respect to the stability
of Jin Long Mountain. The two adits examined penetrated the weathered basalt, a
considerable distance of intact basalt, and a thick layer of competent limestone.
The adits ended in a layer of clay several tens of meters thick. It is under-
stood that this clay, which is gray in color and quite firm, is the clay being
mined for commercial purposes. There did not appear to be evidence of sliding
movement in the clay, but the steep slope of the rock and clay beds toward .the
river is cause for concern.

It is the team's general opinion that there may be low risk of the large mass
sliding into the reservoir, but the consequences of such a slide could be
severe, even catastrophic. Thus, it is recommended that investigations be con-
tinued to evaluate the risk of such an event. Also, the team recommends wave
studies to analyze the probable effect of such a slide in the unlikely event it
would occur. A report by the USBR on model studies of landslide-generated waves
for Morrow Point Dam was furnished to assist in this work. ’

11



STRUCTURAL ASPECTS

I. Observation of Structural Model Studies

A. March 23, 1983, Qinghua University, Beijing. — A structural model

of the double curvature arch dam had been made to investigate the static
stress distribution in the dam. A finite element analysis was also made at
the university. The team was told that the results of the test and the
analysis are close both in magnitude and in distribution. The three-
dimensional finite element analysis included a portion of the dam
foundation.

B. March 25, 1983, Tianjin University, Tianjin. - A dynamic structural
model (scale 1:3000) of the arch dam was made to study its vibrational behav-
ior with the reservoir empty and a rigid foundation. The vibrational modes
of the model were studied using laser beams to produce holographic inter-
ferometry. The measured mode shapes and frequencies were first checked
against analytical solution and then used as input to a stress analysis
program to compute the dynamic stresses in the dam. For an earthquake of
maximum ground acceleration of 0.2 G, the maximum dynamic stress was cited
to be around 5 kg/cmz. This number appears very low. After discussion with
the investigators, it was found that the low stress was caused mainly by the
following two assumptions:

l. A combined influence coefficient of 0.25 was used. This
coefficient, in effect, cuts the earthquake load by a factor of 4.

2. The response spectrum used was such that the first mode fell in
the descending portion of the curve with corresponding acceleration
about 0.16 G.

c. March 28, 1983, Chengdu Institute of Science and Technology. - Two
structural models were constructed (scale 1:400) for both static and dynamic
tests. These models included foundation rock with different elastic proper-
.ties as determined by the field investigations. For the static case,
deflections and stresses were measured. In the dynamic test, natural
frequencies and mode shapes were determined. These data were then used as
input for a dynamic stress computation program. The reservoir was assumed
to be empty. It was stated that the full reservoir case and dynamic stress
measurement will be performed in the future.

II. Presentation by CHPSADI

The stress analysis of the dam was presented by Engineer Ji Jia Rong, Head,
Structural Analysis Section, CHPSADI. This work was performed by Institute of
Engineering Mechanics, Academia Sinica, Hydraulic Engineering Research
Institute, Qinghua University, Tianjin University, East China Institute of
Hydraulic Engineering, and CHPSADI. The average manpower involved at ‘each
organization was about 4 man-years.

Stress analysis of the dam was made for both the arch gravity dam and the double

curv#ture arch dam. The analysis was made by the complete trial load method.
Results of the trial load analysis were checked against the finite element

12
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analysis and the model tests. The finite element analysis programs cited were
HXME (East China Institute of Hydraulic Engineering), Structural Analysis
Program (SAP), Arch Dam Analysis Program (ADAP) (both University of
California, Berkeley), and Automatic Dynamic Incremental Nonlinear Analysis
(ADINA from MIT). Natural frequencies and mode shapes were also computed by
the finite element method and checked against model test results.

Design criteria under normal loading was determined as follows:

Allowable Compression 80 kg/cm2
Allowable Tension 10 kg/cm? ﬁupstream)
15 kg/cm2 (downstream)

Three different layouts of a double curvature arch dam were analyzed.

l. Foundation on the weak right abutment not treated. Maximum thickness
of dam 75 m (original scheme).

2. Foundation on the weak right abutment consolidated by grouting.
Maximum dam thickness 60 m (improved scheme).

3. Reduce foundation excavation by 10 to 60 m after treatment. Maximum
thickness 65 m (reduced excavation scheme).

Maximum stresses under normal loading (waterload + silt load + temperature load)
based on trial load analysis are:

Scheme a. Scheme b. Scheme c.
Compression =77.5 -78.3 -77.6
(kg/cm?)
Tension (kg/cm?) 17.8 15.5 15+

Basically, all three schemes satisfy the design criteria stated above. The team
was told that tension stress on the abutment of 40 kg/cm2 was computed using the
finite element analysis method.

For water load, the results of the trial load analysis, the finite element ana-
lysis, and the model tests were basically the same.

For earthquake analysis, both spectral analysis and the time-history analysis
were performed. The maximum acceleration was 0.20 G. The accelerations in three
directions were H:H:V = 1:1:0.5. The first ten modes were included in the ana-
lysis. Results of both analyses are comparable.

II1. Summary of CHPSADI Presentations

o The geometry of the arch dam was determined by the trial load analysis.
Design criteria are basically satisfied. The results are considered
reliable because different methods gave similar results.

o The determination modulus of the rock foundation is important to the
stress distribution in the dam.

13



o The dam can be constructed without special foundation treatment.

o Considering the cost, the stress distribution, and the earthquake
resistance, the double curvature arch dam is recommended.

IV. Group Discussions

A list of 24 questions on seven subjects was given to the team before leaving
the United States. The following discussions are on subjects II and IV; i.e.:

II. Static Analysis and Problems about Ertan Arch Dam
IV. Dynamic Analysis of the Arch Dam and Its Problem

Discussion started in the afternoon of April 1, 1983. The structural group
included 17 Chinese engineers/researchers, representing eight institutes or
universities. The discussion lasted until April 4, 1983. The content of the
discussion was the same as the list given to the team; however, the sequence
varied. A summary of the discussion is given in the following.

1. Trial load analysis is still being used as the main tool for the design
of arch dams in the United States. This is -a proven method with a set of
generally accepted criteria to evaluate its results. Many arch dams have
been designed and constructed successfully using trial load analysis. Many
organizations have programed the trial load method to make it a handy and
powerful tool for the dam designers.

2. In the last 10 years, more and more hydraulic structures were analyzed
.by the finite element method. 1It, too, is a powerful tool for stress
analysis; however, the finite element method has not replaced the trial load
method as the main design tool for arch dam design. This is mainly because
there are no generally accepted criteria to evaluate its results, notably
the stress concentration near the arch dam foundation caused by the discon-
tinuity of the geometry of the dam. Most design offices used the finite
element method as a supplementary analysis for the trial load analysis to
perform the dynamic analysis and to compute the stress distribution of
special structures. The finite element method can be very useful in hydraulic
structure design once its capability and limitations are fully understood by
the engineer. '

- 3. In the United States, the most commonly used finite element programs
for the analysis of arch dams are SAP and ADAP, both from the University of
California. While SAP is a general purpose structural analysis program and
ADAP is a special purpose program for arch dam analysis, both programs are
based on the same theory and assumptions; therefore, similar results can be
expected.

4. For dynamic earthquake analysis of an arch dam, linear elastic analysis
is still used in the US. There are several nonlinear analysis programs
which in principle can perform a nonlinear earthquake analysis of an arch
dam. To the team's knowledge, none has been attempted. This is because of
the uncertainty in the nonlinear material properties to be used, especially
the foundation rock, and because of the excessive computing cost involved.
The best documented dynamic analysis of the arch dam is the design report of
Auburn Dam by the USBR. The team brought a copy of this report and left it
with CHPSADI.
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5. With regard to dam-reservoir interaction of an arch dam, the current
state-of-the-practice in the United States is to use the added mass method.
The formulation is a modified Westergaard approach presented by Professors
Clough and Zienkwicz in London, 1975, in their paper "Finite Element
Method in Analysis and Design of Dams, Part C, Dynamic Analysis - Methods,
Problems, Criteria.” This approach assumes that the water is incompres-
sible. This problem is presently being studied by a joint US-China
research project involving University of California and the Water Conservancy
and Hydroelectric Power Scientific Research Institute. This study may shed
more light on the compressibility of the water. A copy of the Clough-
Zienkwicz paper was left with the CHPSADI.

6. The dam-foundation interaction problem can be handled in one of the
following two ways in finite element analysis:

a. Include a portion of the foundation rock in the finite element
model.

b. Using speéial foundation element to simulate the elastic support.
One example is the Vogt coefficient type of formulation. Copy of
reference paper from January 1974 ASCE Structural Division Journal was
given to CHPSADI.

7. Results of stress computations and structural model tests by various
institutes and universities were presented. The computations were made by
the trial load method and the finite element analysis. In the latter case,
both the Chinese programs and the American program were used. Stresses from
the mathematical models and the physical models are basically comparable
with similar magnitude.

8. Arch Dam Stress Analysis System (ADSAS) is a trial load program of the
USBR. The program uses the trial load formulation to form a flexibility
matrix to calculate the load distribution directly without iterative adjust-
ment. The program has dynamic capability but the dynamic version has not
been released to the public. The USBR suggested that SAP or ADAP be used
for the dynamic analysis of arch dams. This program was written for a
Control Data Corporation computer. Extensive modification of the program
may be necessary to run it on other computers.

9. According to engineers of CHPSADI, the stress level of the double
curvature arch dam and the arch gravity dam are similar. Because the former
scheme requires much less concrete, it would be a preferred scheme.

10. The quality control of the dam concrete is very important for the suc-
cess of the project. In the US, a special concrete laboratory is set up

at the construction site for any major project. This laboratory takes
concrete samples and monitors properties on a continuous basis throughout
the construction period. The test results are evaluated immediately on the
site and are sent to the design office regularly for further evaluation.

11. NDesign based on very conservative rock moduli may not always be con-
servative. For example, a kink was shown on the arch center line. This was
caused by the very low rock modulus estimated at that elevation. However,
the rock modulus may very likely be much higher than the conservative
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estimate; In which case, this kink will cause an unfavorable stress condition
if the dam were actually built with such geometric configuration.

12. The finite element analysis of the powerplant was presented. It was
pointed out that this study should be used qualitatively in decision making.
The design of powerplant should not rely entirely on the finite element
study. :

13. The following studies should be considered in the design stage of the
project.

a. Structural effects of the spillway piers on the arch dam should be
investigated. The piers of the ski jump chute will influence the
stress distribution in the arch. The massive piers of the surface
spillway will cause additional load during earthquake.

b. The construction difficulties should be carefully investigated
considering the large overhang of the arch dam and the many structures
cantilevered from the surface of the dam. (The surface spillway has a
downstream cantilever chute of over 20 m.)

Ce The procedure for concrete cooling and the schedule for joint
grouting should be developed. The stability of the arch dam during
construction before joint grouting should be investigated.

d. A quality control program should be established to ensure the
quality of the very large volume of concrete. The USBR "Concrete

Manual” may be a useful reference.

Conclusions (Structural)

1. Structural analysis of the Ertan Arch dam was made using both the
mathematical models and physical models by various institutes and univer-
sities to study both its static and the dynamic behavior. The team members
agreed that the amount of work is certainly more than adequate for the
feasibility study. The methods used for the stress computation are similar
to those presently used in the US. 1In fact, three of the computer programs
cited, SAP, ADAP, and ADINA, are American programs currently used by design
offices in the United States.

2. Results of various stress computations and model tests by different
organizations are comparable. This fact should establish the credibility of
these results.

3. It is suggested that. the preceding results be checked against the
design standard in China to establish the structural adequacy of the Ertan
arch dam. Any fine tuning of the geometry and additional research work can
be performed in the design stage.

4. Because the stress levels of the double curvature arch dam and the arch
gravity dam are similar, and the former scheme requires much less concrete,
it is the preferred scheme.

- 5. Some additional studies are recommended in the design stage of the

project. These recommendations are listed at the end of the previous section,
Group Discussions.
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HYDRAULIC MODELS AND HIGH VELOCITY FLOW

- Observation of Hydraulic Model Studies

A. March 23, 1983, Beijing. — The team visited the Hydraulic Laboratory of
the Scientific Research Institute of Water and Hydroelectric Power in
Beijing. At the institute, studies have been conducted on a 1:120 scale
model of the gravity arch dam scheme.

The scheme includes the following:
l. Underground Powerplant - Six 500-MW units

2. Center spillway with five gates (16 m wide by 17 m high) -
12,500 m°/s.

3. Bottom outlets with four gates (5 x 6 m) - 5,000 m3/s.

4. Tunnel spillway (13-m diameter) (1 gate-11 x 10 m) - 3,000 w3/s.
In this scheme, the spillway buckets discharge at various elevations:

" Chutes 1 and 5 are high approximately 1,130 m

Chute 3 1,122 m

Chutes 2 and 4 are low approximately 1,055 m
Top seal radial gates for the outlet works discharge under high head
(100 m). The spillway flow from chutes 2 and 4 impinge against flow from

chutes 1, 3, and 5. This impingement helps the energy dissipation by
dispersing the jet before it strikes the plunge pool. Twelve series of

- model tests have been conducted at the institute on the gravity dam scheme.

Apparently some dynamic pressure data was taken with strain gages.

B. March 24-25, 1983, Tianjin. - The team visited Tianjin University where
five model schemes dealing with the double curvature arch dam were
evaluated.

1. The first scheme (1:120 model scale) had the following:

a. Center spillway with five gates (16 m wide by 6 m high) -
5,000 m3/s.

b. Midlevel outlets with six gates (5 x 6 m) - 6,800 m3/s

c. Two ski jump chute spillways with two gates each (12 x
16 m) - 6,000 m3/s.

d. Tunnel spillway (13 x 13 m) - 2,000 m3/s.

The midlevel outlets are designed to impinge against the center
spillway flow. One modification included six center spillway gates and
seven midlevel outlets. This resulted in jet impingement on the right
downstream bank.
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While at Tianjin, the team-also had 'the opportunity to: view ‘two - video ‘tapes
of other model studies dealing with the Ertan Project.
of an earlier alternative to place the powerplant under the central spillway

2. The second modél ‘wais built' t¢é’ study diversioni‘th®ough the first
stage completion with the top of the dam at elevation 1145 me It will

be designed to pass a 100-year flood: (L6000 'm /s)ux'r LI moiievrosco

“"This:1:120'scale model had'six midlevel gates :(5-x 6 m), thctee low h

level” gates ‘on- éach'stde which-discharge.through: tempordry :conduits ..

“{nto the buéket 6f the two -ski jutp chute-spillways,and:itwo- low: 1eveL

gates (5 x 6 m) which will be plugged-in the- future.f RVE: S SP R R I

3. The third model was a 1:70 scale model of two:of thé-.center:::
spillway gates and chutes and one of the midlevel outlets. The
midlevel outlet had a'20? upwdard slope at  the exit:-which:impinged:
against the spillway flow. There was obvious energy dissipation in the
‘air and dispersion of the jets before striking the: plunge pool.
Velocity data using a pitot tube and pressure data using-watér columns
were collected.

4. The team returned to the first model which had been modified to

*'show ‘a design which’ was ‘apparently suggested: by:'the first US team in

1981. The scheme (l 120 model scale) had the following.

RN i ENTIN

a. Center spillway with five gates (16 m wide by l7 m high) -
12,000 m 3/s. : :

b. Midlevel outlets with six gdates (5 x 6 m)v~-6;800-m3Jst.

T Powerplant to wmake up -resti of flow (approximately
-1 500 m /s) o .

'S. ~ - The morning of March 25, 1983, the’team saw :a 1:70 scale model. of.

“~three draft tubes, a surge tank, and'an'18—m~wide,-ZS-mfhigh tailrace:

tunnel:* The model was operated to show both:free :flow and' pressure -

flow in the tunnel.
}.l

of a gravity arch dam and the 1:70 scale model tests to study dissipation
of energy by water nappe impact.

c.

[ I . A ST

March 28 1983 Chengdu. - The tean visited the Scientific Research

Institute of the Chengdu Hydroelectric Power Design Institute. They have
studied:two schemes for the double curvature'arch dam:on a 1:120 scale

model.

e

l. yiThe\tirst scheme had the:tollowingi:l .tj v\“i,.v~*. ;:
a. Center spillway with three gates (16-x 13 m) - 4,800 m3/s
b. Midlevel outlets  with four gates (5 x 6 m) - 4, 700 n3/s.
5:2 lc:vi.Two ski jump chnte spillways with three. gates each | -
(16 x 13 m) - 9,600 m3/s. P T TURIO

d. Tunnel spillway - 2,000 m3/s

18
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The

2. The second scheme had the following:
a. Center spillway witﬁ five gates (16 x 13 m) - 7,000 md/s.
b. Midlevel outlets with six gates (5 x 6 m) - 6,800 m3/s.

c. Two ski jump chute spillways with two gates (16 x 13 m) -
6,400 m3/s.

‘de  Tunnel spillway - 2,000 m3/s.

The center spillway crest elevation for these schemes is 1187 m. The ski

jump crests elevation is 1189 m, and the midlevel outlets are at elevation 1100 m.
There will be two low level openings at elevation 1060 m for temporary diver-
sion once the dam height reaches 1145 m. The dam will also have two sets of
three gates (7 x 8 m) each at elevation 1080 m which will discharge into the

ski jump flip buckets for temporary diversion until the dam height reaches 1205 m.

The Institute has also studied the diversion scheme and problems associated
with transporting logs during diversion. The concerns of energy dissipation
were also studied. The team viewed a 1:50 scale model of the proposed
diversion plan. The model was a large outdoor model of the 60-meter-high
upstream cofferdam, the 18-meter-diameter right abutment tunnel, the 18- by
25-m left abutment tunnel, the 30-m-high downstream cofferdam, and the
downstream river channel. The team observed logs passing through the left
abutment tunnel and watched as the reservoir elevation increased to the
point where the diversion tunnels changed from free flow to pressure flow.
There was mention of a negative 4-m pressure in the crown of the tunnel
during the transient condition from free flow to pressure flow.

D. March 28, 1983 Chengdu. — In the afternoon, the team visited the
laboratory of the Chengdu University of Science and Technology. They have
built and tested a 1:120 scale model of a hydraulic jump stilling basin for
a gravity arch dam. The scheme consists of five center gates (16 x 15 m)
and four midlevel outlets (5 x 6 m) which discharge into the spillway
stilling basin. The stilling basin converges in the downstream direction to
prevent secondary currents.

High Velocity Flow and Hydraulic Model Tests

CHPSADI general presentation included:

A. Function of the Project

The main purpose of the dam is to provide electric power generation. The
installed capacity will be 3,000 MW with a firm capacity of 1,002 MW (two
units operating) and the remainder for peak use. The passage of logs will
be a major consideration of the project. There will be no navigation due to
the steep river gradient. There is no irrigation planned for the project.
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'The canyon is made up of syenite and basalt. It is 100 m wide at the dry
season water surface elevation and 700 m wide at elevation 1200 m (future
maximum water surface elevation). The design flood (1,000-year) is

20,600 m3/s; the PMF flood (10,000-year) is 25,200 m3/s; and the diversion
flood (20-year) is 12,600 m3/s. The riverbed immediately downstream from
the dam axis (first 250 m) is underlain with syenite. Downstream from the
syenite is a zone of second stratum basalt which has a very low erosion
resistivity. Further downstream, where the diversion tunnels discharge into
the river, the rock underlying the river alluvium is third stratum basalt
having higher resistivity characteristics than the second stratum basalt.

for the Feasibility Report

B. Summary of Dam Types, Configurations Studied, and Recommended Scheme

Several alternatives have been studied by CHPSADI. The gravity arch concept
had two alternatives for the powerplant location. One alternative included
two 600-MW units in an underground powerplant and three 600-MW units under
the spillway. The other concept had all five 600-MW units underground.
There were also two concepts for waterways to pass the flood. The team
observed the models for both concepts. The first scheme used impacting
spillway jets to break up the energy of the flow before striking the plunge
pool. The second scheme made use of a hydraulic jump stilling basin. These
are described under Observations of Hydraulic Model Studies, sections I.A.
and 1.D., both in this chapter.

Two thicknesses of double curvature arch dams have also been investigated
including several alternatives to pass the design flood. The double cur-
vature arch dam schemes all include a six-unit (500-MW) underground
powerplant with two tailrace tunnels.

The underground powerplant has several advantages. The advantages center on
the problem of the narrow canyon at Ertan and the difficulty of discharging
the flood. The underground powerplant permits full use of the canyon to
discharge the flood without major impact on the operation of the powerplant.
Another advantage is the ability to work on two fronts during construction;
the dam and powerplant construction will not interfere with each other.

a2 =

Due to the thickness of gravity arch dams, flood flows would be concentrated
further downstream on the second stratum of basalt. The low resistivity of
this material to scour would result in serious erosion of the material in
the riverbed and on both banks.

Because of these considerations, the double curvature arch dam and
underground powerplant have been adopted for the feasibility study of the
Ertan Project. The gravity arch will be the alternate scheme.

c. Problems of Hydraulics and Hydraulic Models

The prbblems dealing with hydraulics and hydraulic models are the following:

1. How to evaluate the decision on reasonable alternatives for a high
head dam in a narrow site? Is there any better arrangement?
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2. How to evaluate the method of model tests of the various
alternatives? Are the simulation techniques appropriate?

3. Comment on the use of nonscouring velocities as a model technique
for mobil beds.

4, Comment on plunge pool design and alternatives.

5. Will vibration caused by jet impact in the plunge pool affect the
dam safety?

6. Comment on unsteady flow alternating between pressure and free
surface flow in the tailrace tunnels.

7. Discuss surface cavitation resulting from high velocity flow and
methods to prevent damage caused by cavitation.

III._guestiong

A. Modeling Scour in Plunge Pools

Moveable bed models of both the gravity arch and double curvature arch dams
were used to investigate the location and depth of the scour hole.
Laboratory models in Beijing, Tianjin, and Chengdu have been built at

1:120 scale. In a 1981 meeting in Tianjin, a decision was made to use the
same size bed material for all the various 1:120 scale model studies. The
dsy size chosen was 30 mm for the syenite and 7 mm for the second stratum
basalt. Tests were conducted for 3 hours on the model representing 33 hours
on the prototype. We were told that the 7-mm material was also tested in
the syenite areas at Chengdu and there was no significant difference in the
scour hole depth. The 1:70 scale sectional model at Tianjin used 40-mm
material. These sizes of material were selected on the bases of nonscouring
velocities of 10 to 1l m/s for syenite and 5 m/s for basalt. The antici-
pated block size on the prototype is 0.5 x 0.5 x 1.0 m for syenite and

0.10 x 0.15 x 0.10 m for the basalt. These sizes are based on joint analysis
of the foundation rock downstream from the dam.

The USBR practice is to use granular material sized using the length ratio
(based on the Froude Law) or fall velocity scaling to represent loose
riverbed material. Cement-sand mortar capable of being eroded by flowing
water has also been used. The dimensions of the model scour hole are then
used in a qualitative manner to compare various alternatives.

With a determination of block fracturing in sizes of 0.5 x 0.5 x 1.0 m and

0.10 x 0.15 x 0.10 m, dgp material of 8 and 1.25 mm, respectively, would be
tested in a USBR hydraulic model of 1:120 scale. Analysis using fall velo-
city and shear stress techniques would also be conducted to size the model

material.(l

(1)

"Sediment Engineering” - ASCE Manual and Reports on Engineering Practice,
No. 54, 1975.
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It is beyond the state-of-the-art to model scour depths into the underlying
bedrock of river channels. One only has to look at the model studies con-
ducted for Kariba Dam(2) to realize the difficulty of such a task. Model
studies performed at SOGREAH Institute in Grenoble, France, predicted a
scour depth of approximately 26 meters below the dam. After 10 years, the
actual scour depth was 50 meters below the dam. There are some research
efforts underway in the US to simulate the bedrock properties in a physical

model, but to date, they have not had success.

It would appear that a parametric study of a variety of prototype scour
holes would be a valuable check on physical model studies. Such studies
have been conducted by Damle(3), wu(é , Taraimovich(s), and Martins(6), .

Pressure measurements have also been taken on most of the models of alterna-

tive designs. With the plunge pool invert at elevation 970 m, the highest

pressure reading using a water column was 13 m above the tailwater for the
feasibility study discharging 19,070 m3/s. This feasibility configuration

resulted in two scour holes when granular material was placed in the model.

The center spillway middle level outlet scour hole (12,400 m3/s) was located 5
228 m from the dam at a depth of 963 m and the ski jump scour hole (2,500 m3/s each) §
was located 430 m from the dam at elevation 966 m.

Solving the equation for a submerged jet, the velocity at elevation 970 m
would be approximately 17 m/s for the five center spillways discharging
6,070 m3/s into a pool depth of 65 m. It is difficult to analyze the effect
of the midlevel jets impacting against the spillway jet, but observing the
model indicates the width of the jet has more than doubled and the impact
velocity of the combined jet at the water surface is lower than the center
spillway operating alone. The 13-m water pressure measured in the model

fairly well represents the calculated velocity of 17 m/s. It appears that
the concept of jet impingement used in the feasibility design reduces the
jet intensity on the floor of the plunge pool.

The model studies for Ertan Power Project have encompassed a variety of
design alternatives. Their results have been used to qualitatively compare
various schemes. Pressure measurements have also been used to determine E]
energy levels on the floor of the lined plunge pool. Once a final design 5
concept has been selected, pressure transducers should be used to measure
the dynamic forces on the concrete liner. The liner can then be designed to
withstand these forces.

(2)
(3)

(4)
(5)
(6)

Hausler, E. "The Scour Hole Below Kariba Dam,"” USBR Translation No. 896,
July 1973.

Damle, P.M., Venkatramad, C.P., and Desai, S.C. "Evaluation of Scour
Below Ski Jump Buckets of Spillways, Central Water and Power Research
Station," Poona, India.

Wu, Chain Min. "Scour at Downstream End of Dams in Tawain," JAHR,
January 1973, Bangkok Thailand.

Taraimovich, I.I. "Deformation of Channels Below High Head Spillways on
Rock Foundations,"” Hydrotechnical Construction, No. 9, September 1978.
Martins, R.B.F. "Scouring of Rocky Riverbeds by Free-Jet Spillways,"”
Water Power and Dam Construction, April 1975.
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B. Alternatives to the Feasibility Design

It would appear that the process used by CHPSADI to evaluate reasonable
alternatives for a high head dam in a narrow canyon are similar to those
used in the US, at least from a technical point of view. In the US,

careful consideration would be given to the costs of the various alter-
natives. There would also be additional considerations based on the specific
project. These would include environmental effects and, for Ertan, the
capability to pass floating logs over the dam.

In the hydraulic group discussions, flip bucket designs for Amaluza Dam
(Equador) and Auburn Dam (US) were discussed. The Amaluza spillway is
composed of three chutes and buckets which discharge the flood flow longitu-
dinally down the narrow canyon. The Auburn spillway flip bucket has teeth
at its exit to disperse the jet along the river, thus reducing the jet
intensity on the downstream river channel.

The feasibility design proposes a double curvature arch dam with an
underground powerplant. The flood waterways include the following:

1. Center free full spillway* - five 16- x ll-m gates—— 6,070 m3/s

2. Midlevel outlets - six 5- x 6-m gates - 6,370 m3/s
3. Spillway tunnel - right abutment -- 2,000 m3/s
4. Ski jump chutes - 4,860 m3/s
5. . Powerplant -—- 1,490 m3/q

20,790 m3/s

The team believes this design is feasible from a technical point of view and
could be built as presently planned. The following alternative is offered
by the team because they believe it is more cost effective and would elimi-
nate the discharge of flood flows by the ski jump spillways onto the weak
stratum of basalt downstream from the center spillway plunge pool. It would
have to be studied in detail to determine if it is ‘a feasible alternative.
The proposal is as follows:

1. Center free fall spillway*-five 16- x 15-m gates -- 9,230 m3/s
2. Midlevel outlets-six 5- x 6-m gates -- 6,370 m3/s
3. Spillway tunnel-right abutment

(use diversion tunnel) -~ 3,700 m3/s
4.  Powerplant - 1,490 w3/s

20,790 m3/s
*Comparison of various center spillways - Table 3
The advantages include:
1. Save construction of ski jump chutes. Tﬁese will be very
difficult to construct given the steep canyon which is prone to

landslides.

2. Right diversion tunnel can be used as future spillway tunnel.
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Notes:

3. Reduce number of high pressure gates from eight to six.

4. Tunnel spillway would discharge on third stratum of basalt which
is better than the second stratum and far from base of dam.

5. This scheme has flexibility of operation.

1. The second stage diversion plan would have to be studied because
this scheme eliminates the ski chutes.

2. Table 4 shows the comparison between Ertan tunnel spillway and the
Glen Canyon, Hoover, and Yellowtail tunnel spillways.

3. The tunnel spillway will require an air slot placed upstream from
the vertical bend. Glen Canyon Dam spillway tunnels operated for 6 weeks
in June-July 1983 and sustained serious damage. This gives further
evidence for the need to design adequate air vents to prevent cavitation
damage.

"4, The right diversion tunnels invert at the inlet and outlet could

be a few meters higher and the slope could be reduced to reduce the
tailwater submergence when used as a spillway. Because it is a closed
conduit during high diversions, this should not affect its capacity
when used as diversion tunnel at design capacity.
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TABLE 3

SPILLWAY COMPARISONS

Morrow Ertan Ertan
Mossy Rock Kariba Point Feasibility Alternative

Dam Height (m) 184 128 142 245 245
Discharge Center

Spillway,(m3/s) 7,800 /8,400 1,133 6,000 9,200
Size of Openings (m) 12.9x15.2 9x9 4.6x4.6 16x11 16x15
Number of Openings 4 6 4 5
Unit Discharge into

Plunge Pool ((m3/s)/m) 150 156 62 76 115
Head during Discharge

Flood (m) 84 85 117 165 165
Approx. Thickness of Water

Cushion (m) 78 90* 18.6 65 65
Velocity into Plunge

Pool, Vo (m/s) 35.7 36 42.2 50 50
Thickness of Nappe into

Plunge Pool, d (m) 4.2 4.33 1.46 1.52 2.30
Ratio, t/d. 18.6 20.8 12.7 42.8 28.3
Velocity of jet—-flow at

base of plunge pool (m/s) 18.2 17.4 26.0 16.8 20.7

*Thickness of water cushion after 10 years of operation where the jet excavated

the plunge pool.
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TABLE 4
TUNNEL SPILLWAYS

Glen Canyon

Dam Hoover Ertan Yellowtail

Dam Height (m) 216 221 245 158
Discharge through Tunnel

Spillway (m3/s) 3,900 5,665 3,700 2,605
Tunnel Diameter (m) 12.5 15.3 13 9.8
Control Gates at

Surface (m) 12x16 Side Channel 16x11 7.6x19.6

(2) (Drum Gates) (2) (2)

Effective Head (m) 161.8 180 165 148

Note: An air slot has been designed and tested for Yellowtail. The tests
verified that the air slot prevented cavitation for the test flow. Air
slots are presently under study for Glen Canyon Dam.
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C. Effect of Free Overflow Nappe on Vibration of the Dam

It is the team's opinion that the random vibration of the jet impact on the
basin floor will not interact with the natural frequency of the arch dam.
We are not aware of any such interaction between stilling basin and dam.

D. High Velocity Flow and Surface Cavitation

Cavitation occurs in a hydraulic structure when the pressure at a point in
the water is reduced to vapor pressure. It occurs in flow zones where
subatmospheric pressure results from sudden offsets or other surface irregu-

. larities. As the vaporous cavities are transported into higher pressure

zones, they implode sending out high energy sound pressure waves. If the
implosions occur close to a surface boundary, serious damage to the structure
could result. The degree of damage can be related to a cavitation index ( o)
and the time of exposure. The cavitation index is defined as:

o= = (Po-Pv)/(p v2/2)

Where: Po = reference pressure
Pv = vapor pressure
L = water density
\Y reference velocity

]

If o~ > 1.7, no surface protection is required. 1If 1.7>0°>0.3, surface
roughness should be smoothed to a chamfer (R/H) described by Falvey(7).
Once o-2<0.3, surface chamfers have to exceed 15 which is very difficult to
ensure in the construction of a large dam. Aeration grooves should be
considered once o°<0.3.

The proper introduction of air to the flow surface where cavitation is
occurring reduces the effect of the high energy sound waves by considerably
reducing the wave velocity. With the addition of 0.l percent air by volume
of water, the sonic velocity can be reduced from 1,000 m/s to approximately
300 m/s.

In the construction of a large dam, care in selecting quality materials and
ensuring high quality workmanship are very important. This, however, is
essential in waterways exposed to high velocity flow (V 2 15 m/s). Flow
surfaces should be smooth with no offsets into the flow or away from the
flow and the flow surface profile should match the design shape.

Several examples of damage to USBR hydraulic structures caused by cavitation
were discussed. They included a range of waterways from Yellowtail tunnel
spillway to Stampede Dam high pressure outlets and the intake structure of
Auburn diversion tunnel. It is essential that good design and construction
practice be used on the Ertan Power PrOJect to limit damage caused by cavi-
tation given the height of the dam.

(7)

Falvey, H.T. "Predicting Cavitation in Tunnel Spillways,” Water Power,
1982,
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With respect to USBR laboratory measurement techniques for cavitation
studies, the following information was supplied:

1. In order to measure the acoustic wave lengths on the order of
20 mm, high frequency (20 - 50 kHz) instrumentation is required.

2. It is important that the transducer be placed close to the
suspected area of cavitation.

3. The spectrum and change in spectrum are more important in the
analysis than the sound pressure intensity.

4. Although air content should be measured, the USBR laboratory has
only measured oxygen content to date.

5. A low-pass analog filter (10 kHz) is also used to "clean" the ?
signal. ﬁ
E. Ertan Surge Tanks and Tailrace Tunnels

With regard to the question of unsteady flow operation, sometimes pressure -
sometimes nonpressure, our experience indicates that one should either have
pressure or nonpressure but not both.

For hydroelectric powerplants with long tailraces such as Ertan, there are
two alternatives. One is to construct the tailrace at such an elevation so
that it always operates as open conduit flow. The second is to construct
the tailrace tunnel such that it always operates as a closed conduit.

Due to the narrow canyon and large flood discharges at Ertan, there is a
considerable range of tailwater (23 m). To design the tailrace tunnel for
open channel flow would result in the loss of a large amount of power over
the life of the project. USBR practice would be to close the powerplant
during large flood discharges, but it is the team's understanding that Ertan
powerplant will operate for the design flood of 20,600 m3/s.

To construct a closed conduit tailrace tunnel requires a detailed design of
the tunnel and surge chambers. The surge chamber design must meet the surge
control requirements as well as provide the required submergence for the
turbines. To prevent negative pressures within the surge chamber, adequate
air vents should be provided.

£ O &3

The corresponding tailwater elevation for the minimum discharge of 680 m3/s
is 1010.8 m (this will ensure full flow in the tailrace tunnel). It should
be noted that to maintain this flow will require three turbine units, each
operating at a design discharge of 248 m3/s.

d

IV. Areas of Concern which Resulted from the Hydraulics Group Discussion

1. More investigation is needed to determine the reliability of high
pressure top seal radial gates operating under 100 m of head. Radial gates
for Tarbela, Dworshak, and Libby Dam should be investigated.
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2. A scour hole may develop at the downstream end of the plunge pool due
to the high velocity flow passing over the end sill onto the weak basalt.
This may require additional model tests.

3. The CHPSADI engineers suggested the possibility of a permanent dike
downstream of the plunge pool to increase the water cushion in the plunge
pool. This would have to be carefully studied before accepting it in the
final design.

4. Investigation of scour potential where diversion tunnels exit into
river channel. Riverbed protection or a flip bucket may be required.

5. A Standard Operating Procedure should be developed to pass the flood
flow at Ertan Dam. The sequence of which gates will be opened and in what
order will have an impact, for instance, in the center spillway plunge pool,
both from the development of large eddy currents and scour on the plunge
pool floor.

6. It will be imperative to keep rocks out of the lined plunge pool. Side
slope protection will be necessary. A study to determine if riverbed
material can move upstream into the basin should be made and such movement
prevented in the final design.

7. Current USBR policy requires low level outlets to be able to evacuate
the reservoir in case of emergency. It is recommended that an emergency low
level outlet be considered in the design for Ertan Dam.

Conclusions (Hydraulic)

1. The team had the opportunity to visit hydraulic model studies in
Beijing, Tianjin, and Chengdu. There were approximately 10 models plus the
videotapes of additional studies at the University of Tianjin and the
Nanjing Hydraulic Research Institute. The number and type of hydraulic
model studies indicates the importance CHPSADI has placed on selecting the
proper design alternative. Most of the studies to date have been conducted
on a 1:120 model scale. This is appropriate for feasibility level studies.
Additional models of specific waterway passages will be required once the
final design is chosen. These models would be on the order of 1:25 to 1:50
scale and would study items such as the detail of the spillway piers,
pressure measurements of the middle level outlet chute, and other details
where questions arise in the design process. If a tunnel spillway similar
to the design of Glen Canyon were selected, model studies would be required
to size and locate the air slot. Model tests to date have used movable bed
material and pressure measurements in the plunge pool. The model tests sup-
port the plunge pool feasibility design for the central spillway. This
design is further checked by comparing it with similar free fall center
spillways such as Mossy Rock Dam, Kariba Dam, and Morrow Point Dam. The
model study approach used by CHPSADI is similar to that used in the

US for a feasibility level study.
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2. The team recognizes the concern expressed by CHPSADI for the safe,
reliable release of the flood discharge for Ertan Dam. The feasibility
design of the waterways is technically feasible if given proper consideration
in the final design. The team has offered an alternative which would reduce
the major flood waterways from four to three by increasing the discharge
over the central spillway and through the right abutment tunnel spillway.
This would eliminate the need for the two ski jump chutes which will be dif-
ficult to construct and whose jets impact on poor quality basalt in the
riverbed. If the ski jump chutes are used in the final design, more effort
is necessary to determine if protection of the riverbed is required and how
to accomplish it. Two types of flip bucket designs were also discussed if
the ski jump chutes are used.

3. The question of the effect of the spillway jet impact in the plunge
pool on vibration of the dam was not covered by the team. We are not aware
of any such problem on existing center overflow spillways.

4. The subject of cavitation damage to hydraulic structures caused by high
velocity flow was discussed in detail. Ertan Dam will have several waterways
where damage could occur if not properly designed. The cavitation index was
defined and types of protection suggested for various ranges of the index.

It is suggested that aeration slots be designed for flow surfaces where the
calculated index is less than 0.3. Depending on the quality of workmanship
on the flow surfaces a higher criterion for aeration slots may be desired.
Several examples of damage and corrective measures at USBR structures were
given. )

The USBR laboratory investigations of cavitation using a low ambient
(vacuum) chamber were presented. Laboratory measurement techniques were
briefly discussed.

5. With regard to the question of unsteady flow operation, alternating
between pressure and nonpressure, the team feels that one or the other
should be used but not both. From the standpoint of power production poten-
tial, it appears that a pressure system is best. This will require properly
designed surge chambers to adeguately protect the electromechanical equip-
ment as well as the tailrace tunnels.
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CONSTRUCTION MANAGEMENT

Description of Construction Project

At a lecture at Dukou Guesthouse on March 30, 1983, Mr. Xin Shi Zhi, Chief
Engineer for Construction Division, gave a review of the following:

Construction schedule and site facilities;
River diversion and log drive;

Excavation of the dam foundation;
Concrete placement;

Aggregate sources; and

Transportation system

" A. Construction Schedule

The overall schedule is 13 years long. A first stage power development of a
partial group of machines are to be installed and operating in 10.5 years.
The first 2 years of the schedule are for the construction of living quar-
ters for single people, a 15,000-person townsite at Fangjiaou on the plateau
above the existing access road, a rebar fabrication yard, truck repair
shops, and especially for the difficult second access road on the right bank
with a new bridge at Tongzilin connecting to the existing left bank asphalt
paved access road which will be improved.

Years 3, 4, and 5 will be for excavation of the tunnels and the abutments of
the dam. Abutment excavation is 50 meters deep in places and totals

4.5 x 106 m3. The next 5.5 years (6 through 10.5) will be devoted to
concrete placement in the dam up to elevation 1145 m with peak production of
concrete at 6,000 cubic meters per day.

Construction will be carried out continuously on a rolling, three shifts per
day basis. There will be a total of 25,000 men employed at peak of
construction. '

After reaching first stage power generation at elevation 1145 m, concreting
of the dam will then continue at a slower rate of 80,000 n3/mo until
completion.

Powerplant excavation will take place during years 6, 7, and one-half of 8,
followed by first-stage powerplant concrete in years 8, 9, 10, and one-half
of 11, with second stage concrete and equipment installation through the
last 4 years (10 through 13).

There is no problem with reservoir filling because of high annual flow.

B. River Diversion and Log Drive

Flood stages are forecast as follows:

S-year Peak 9,400 m3/s

20-year " Peak 12,600 m3/s

50-year Peak 14,600 m3/s

1,000-year Peak 20,600 m3/s

'PMF (10,000 year) Peak 25,200 m3/s
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Diversion is designed for the 20-year flood of 12,600 m3/s. Two alter-
natives are being considered: an overflow cofferdam and a nonoverflow
system with a 60-m-high upstream cofferdam. The lower overflow cofferdam
would not contain the 5-year flood of 9,400 m3/s.

If the overflow scheme is used, flooding of the foundation worksite must be
anticipated on an annual basis with work shut down for 3 to 4 months each
year until elevation 1030 m is reached after 3 years when the 20-year flood
would be contained.

The difficult part of the nonoverflow scheme is placing the l.l1l x 106 @3
upstream cofferdam in one dry season of 9 months. However, factors
influencing the Institute's leaning toward such a decision are:

1. The need for an annual pass—through of the existing 500,000 m3 log
drive from upstream which is practical with the nonoverflow system
because of the enlarged diversion tunnel on the left bank;

2. Loss of construction time accumulating in a total delay of 1 year
in the first-stage power generation;

3. The lack of a flood warning communication system and because of
the flashy nature of the floods, the lack of ability to predict floods
in time to safely withdraw men and equipment from the deep excavation;
and

4, The lack of stability in the streambed silts underlying the
cofferdam, but above streambed rock at approximately elevation 960 m,
and their erodability during overflow stage.

The nonoverflow upstream cofferdam has an upstream face of asphaltic

concrete and a concrete panel wall cutoff to bedrock. There are diversion
tunnels on each side with the one on the left sized to pass the annual log
drive.

C. Excavation of the Dam Foundation

Excavation will be accomplished in three stages: 1) above the crest, about
70 m; 2) between elevation 1030 m (present access roadway on left bank) and
crest elevation 1205 m taking some 3 years; and then 3) below road elevation
to bedrock at elevation 960 m. The latter will be accomplished in 15 months
after closure of the river.

Abutment blasting will employ presplitting methods and mucking will be done
from below with electric shovels and 40-ton trucks to haul to waste and to
stockpiles for later crushing. (In view of the team "Ruptures" of the rock
face from high in situ stress relief, if occurring, should be treated as a
safety and scaling problem. The final stable face is to be cleaned with air
and water jet before concreting.)
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Concrete will be placed from a cross-river 20-ton cableway in either 6- or
8-m3 buckets. There is 4.5 x 100 m3 required between the lowest foundation
at elevation 960 m and the first stage at elevation 1145 m.

There will be two batching plants, one at elevation 1205 m upstream and
another at elevation 1100 m downstream. A post—cooling system for the
concrete will be required prior to construction joint grouting and is pres-
ently under study by the Institute. Concrete placement has been simulated
by computer for the 6-m3 batches.

D. Aggregate Sources

Natural aggregates are available from the Anling watershed but these will
require a rail and road haul of some 70 km total and would necessitate
destruction of tillable land. Accordingly, present plans are to crush both
coarse (up to 15 mm) aggregates and sand. Quarry rock will come from exca-
vations and from limestone quarry pits upstream of the dam, 18 x 10° m3 are
required. Man—-made sand is reported to require about 10 percent more cement
to make a workable concrete mix. Economic studies underway at the
University indicate the cost is equal except for the right-of-way problem.

E. Transportation

Consideration for transportation of various materials to the site include an
18-km extension of the railroad from the existing railhead at Tongzilin
along the left bank, or to build a new road on the right bank with a bridge
at Tongzilin.

The existing left bank road will be improved. Conveyors are planned for the
crushed aggregate transport to the batch plant. Cement will come from
existing plants in the Dukou region.

II. Site Visits

On Friday, March 31, a site visit was conducted by Mr. Xin Shi Xhi, Chief
Construction Engineer, and his colleagues. Starting at the Dukou Guesthouse,
the Jinshau River was crossed by ferry boat and the Anling River by bridge. A
stop was made at Fangjiaou, future townsite, and the Tongzilin railhead, shop
sites, and on. the left abutment of the dam where a trip was made to the top of
the Jin Long landslide area, presently the site of a commercial clay mining
operation and a country hospital. An overview of the project site was had from
the top of the slide at elevation 1500 m, as well as other levels on the way
down ‘through a series of about 15 switchbacks on this steep road. From the top
Quarry No. 4 site was observed; later Quarries Nos. 1, 2, and 3 were observed
from across the river well upstream of the damsite.

There was a lunch break at the workman's barracks installation at Santan Gulley.

Flow in the Yalong River was estimated at 600 m3/s and had a color indicative of
snow melt. This was indicated to be low flow.
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After lunch the diversion intakes, cofferdams, and the powerplant adit were
observed. It was noted that the ambient temperature in the adit is about 27 °C. 5
A walk into the adit to the heading at about 500 meters was made and the various
rock strata observed before returning to Dukou in the late afternoon. Enroute
the Tongzilin damsite was observed in passinge.

The next day, Seemel revisited the powerplant adit and adit No. 5 as well as
adit No. 11 at elevation 1039 m on the right bank where various weaker rock
strata and fault F-20 were observed. Of particular interest was the uralitized
basalt bands intercepted by the adits and the many in situ rock tests.

II1. Discussions at Dukou

Discussions between the nine members of the Institute's construction group and
Marcotte and Seemel were held Saturday and Sunday, April 2 and 3. A short

discussion between the construction group and Chaing took place on Friday,
April 1.

Additional discussions about construction matters took place at general meetings
on April 3 and 4, and in Chengdu a limited meeting was held April 5.

During the discussions, all of the questions in Section V of the Technical
Interchange Problems (Appendix E), prepared by CHPSADI, were discussed and
answered to the extent possible.

A. Diversion

The recurrence period of 20 years for the diversion flood was considered
practical for construction planning on Ertan Dam construction.

The upstream cofferdam alternatives noted were considered. Although it was
not clear in the discussion why a clay core dam could not be built of clay
from the nearby Jin Long clay mine, the proposed panel-wall cut-off is con-
sidered feasible. It was noted that equipment used in America for concrete
panel-wall construction is similar to the Chinese equipment. As an example
of the practicality, the double wall cutoff at Manicougan No. 3 Dam in
Quebec, Canada, is over 100 m in depth. It is not considered necessary to

place reinforcing steel in the proposed wall.

It will be necessary to stabilize the slope of the riverbed material between
the downstream toe of the cofferdam and the permanent dam bedrock foundation
level. A reversed filter with a heavy rock zone on the slope surface is
suggested for erosion protection. The question of landslide risks for this
slope was not addressed by the team, but should be studied.

Regarding the practicality of the two diversion plans, the nonoverflow
cofferdam plan is obviously more conservative and an economic study was
suggested to determine the comparative costs of the alternatives.

The general layout of the diversion tunnels is suitable except that the
intakes could be blocked by a landslide from Jin Long Mountain. It is
necessary to take precautionary measures in locating the intakes and in
providing protection upstream.
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The team urged that careful consideration be given to dual use diversion
tunnels for spillways or for tailraces for economic reasons and because of
problems from overlapping of relaxation zones in multiple parallel tunnels
during construction.

B. Log Drive

In Chengdu, the alternative plans for the annual log drive down the Yalong
were discussed and sketches reviewed. While there is some familiarity with
logging practices in North America among members of the team, it is recom-
mended that the Institute retain an expert on log handling from a major
American or Canadian lumber or paper company. Certainly the existing studies
indicate careful consideration is being given to this operation. The
forecast is for over 1.38 x 109 m3 of wood annually to be passed around the
dam in the future. The team did recommend that the final design provide
flexibility; i.e., if the conveyer option is selected, design the tunnels so
conversion could be made to water conveyance. Truck haul from a collection
point in the reservoir is also a valid consideration.

C. Excavation of the Dam Foundation

A profile of the proposed excavation for the abutments of the dam was
displayed and it was noted that although the quantity of excavation

(4.5 x 106 @ ) as controlled by the weathered zone is much greater, the plan
is similar to that used at Yellowtail Dam and at Glen Canyon Dam except

the excavation will be deeper. Weathered rock 50 to 60 m thick will be
removed. Demarcation of acceptable rock is apparent when walking through
the exploratory adits.

Tracked drilling equipment was discussed and the team suggested that
CHPSADI, working through the American Embassy Commerce Advisor, could obtain
catalogs on various equipment and arrange for the purchase of whatever
equipment they decided upon. This same holds true of obtaining information
on US computers and programs for construction simulation and analysis. It

- was suggested that a general list of equipment types be prepared and

presented for this purpose.
D. Cableways

Cableways were next considered with examples from Itaipu (Brazil),
Yellowtail, and Glen Canyon Dams. The Itaipu cableway may make a good
example, but the other two (about which literature is presently available)
certainly are good examples. The Glen Canyon cableway at 50 tons capacity
is said to have been the largest in the world.

It was emphasized that cableways in US practice are specially designed
using standard components by specialists who could be contacted through

the American Embassy as stated previously.

E. Underground Excavation

Excavation of the tunnels, powerplant cavern transformer vault, and surge
chamber was also discussed. It was noted that these caverns will all have
reinforced concrete arches because of rock conditions. At a general meeting
on April 4, 1983, the team brought up the question of eliminating the
transformer vault by moving the transformers and switchgear to the surface.
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The stability of the rock mass between underground excavations is an unknown
factor with no existing technology for absolute determination of stability
before actual excavation. Therefore, it is best to avoid the problem by
eliminating chambers which have viable alternatives such as placing the
transformers above ground. It may be necessary, in any case, to heavily
reinforce the tunnels and walls of the caverns with rock bolts, mesh, and
shotcrete as the excavation proceeds. Caution will have to be exercised to
avoid accidents from rock bursts resulting from the high in situ stresses.
Systematic tightening of the rock bolts and sealing of loose rock will
probably be necessary. This is recognized as an expensive procedure. Due
to high in situ stresses, there are strong reasons for avoiding any other
excavations underground with overlapping zones of rock relaxation such as
for the transformer/switchgear vault.

The Institute Electrical Department cites an average length of 500 meters of
bus duct to reach the surface directly. However, the generators are at
approximately elevation 1000 m, and the average ground elevation above the
machines is 1300 meters. It is also reported that the bus duct will require
1000 metric tons of aluminum. It is the team's belief that based upon rela-
tive cost, bus duct costs cannot outweigh the impact of problematic vault
excavation. The LG-2 underground powerplant at James Bay, Quebec, owned by
Hydro-Quebec, has bus duct directly to the surface, which is a distance of
170 meters. It has 16 machines rated at 333 MW each, totaling 5,328 MW, and
is in operation.

It seems worthwhile for the CHPSADI to conduct a very thorough review of
these matters assisted by a recognized authority with experience on similar
installations. :

The necessity of sequencing tunnelling and concreting of the six draft tubes
is considered a normal construction procedure. The 18.5-meter-wide tunnels,
which are only 9.5 m apart, must be excavated in such a manner as to never
attempt to remove a greater width of rock than exists between two draft
tubes at any given time; i.e., the excavation must be done in slices.

F. Concrete and Aggregate

Concrete design mixes, manufacture, and handling were reviewed. The cement
is manufactured in the Dukou region and CHPSADI feels they will have good
control over quality of the cement for the dam.

Aggregates, as noted previously, are available from several sources, but for
various reasons, natural river aggregates have been ruled out. This is
particularly unfortunate in the case of the sand because manufactured sand
results in a harsh mix which leads to several undesirable side effects. The
added cement required to bring the workability up to a tolerable level does
not enhance the quality of the final product in any respect; in fact, it
leads to truly lower workability regardless of slump, high water/cement
ratio, and associated higher heat of hydration, therefore, requiring more
expensive refrigeration for both precooling and postcooling of the concrete.

CHPSADI personnel expressed a concern for a means of reducing temperature of
the mix to less than 10 °C and stated that the heat gain between batching
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and the forms of as much as 4 °C. This seems unusual because at Yellowtail,

there was only about a 1.5 °C increase. Also, the 10 °C requirement was

questioned because the Yellowtail requirement was for 15 °C. However, later
it was noted that such requirements vary with ambient temperature and that
Glen Canyon specifications required 10 °C. The team suggested that the
Ertan designers establish a maximum temperature for placement which should
not be unrealistically low due to the high cost of refrigeration. (It is
noted both Yellowtail Dam and Glen Canyon used natural aggregates and low
water/cement ratios.)

Handling methods of concrete were discussed and it was generally thought
that concrete should be transported from the batch plant to the cableway
lift point in buckets on a lowboy rather than using transit mix trucks. It
was suggested that a construction simulation be run using 8-m3 buckets
instead of 6 because there may be considerable improvement in the placing
rate which requires a peak of 6,000 m3/d.

A question was raised about the practicality of using a downhole dump for
quarry aggregates. Seemel suggested the methods used at Chicoasen Dam in
Mexico be reviewed as they used a vertical shaft to move filter aggregates
to the lower foundation level from the plateau of this record high dam.
Dworshak Dam (US) had an underground crushing chamber connecting to the
quarry floor with a 6-m—diameter, 165-m-long shaft.

Use of conveyer belts to move aggregate from borrow sites to batch plants
seems appropriate.

G. Ski Jump Spillway

At the general meeting on April 4, the difficulty in building the ski jump
spillway on each abutment was expressed. Concerns are that intakes
cantilevering out from the face of the dam upstream 20 meters are difficult

to construct, sidehill excavation would be difficult to hold, and the critical

concrete surface finish to resist cavitation of lined waterways is extremely
difficult to achieve. It is highly questionable if such waterways can be
built with the required surface quality finish. Further, exposure to the
weather will certainly result in deterioration over a period of years of the
concrete surface.

H. The General Arrangement

The general arrangement of the construction facilities including the batch
plants seems well thought out and the team has no further comment about such
facilities except with regard to the access road network. Consideration
should be given to a new high speed road on both abutments and to
restricting the existing road to local traffic. This would be in the
interest of safety as well as efficiency although the high cost of road
construction along this steep valley is recognized. Such a road network
could also be used for hauling logs from the reservoir, and thus, could
eliminate part of the costly log handling facilities.
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VI.

I. Reviews of Other Projects

Seemel reviewed a typical construction management job of similar magnitude
as practiced in North America by talking about the organization and
accomplishments of the Acres Canadian Bechtel, the construction management
company at Churchill Falls, Labrador.

Marcotte described the Yellowtail double-curved arch dam project a multipur-
pose scheme which has proven very successful.

Two volumes of information on double-curved arch dams issued by the Bureau

of Reclamation, both subtitled "Technical Record of Design and Construction,”

were given to the construction department of the Institute for future
reference:

Yellowtail Dam and Powerplant
Denver, Colorado, May 1975.

Glen Canyon Dam and Powerplant
Denver, Colorado, May 1970.

Conclusions (Construction Management)

l. The construction schedule as presented is difficult, but can be
accomplished if construction planning of the present high quality is main-
tained. A 6,000—m3/d peak for concrete placement will be an outstanding
achievement.

2. The importance of quality in all phases of the work cannot be over-
emphasized. In the case of concrete, it is recommended that a search for
natural aggregates be continued.

3. The first stage power option at elevation 1145 m is a viable consideration

on a project of this magnitude.

4. The underground cavern excavation is critical and difficulties which are

indeterminate by present state—-of-the—art methods of testing may be encountered.

It will be necessary to solve difficulties as construction progresses by
practical methods.

5. It is recommended that experts with design and construction experience
on large dams, tunnels, and underground powerhouses be retained for Ertan
Dam.

6. The nonoverflow upstream cofferdam is preferred.

7. The freefall spillways as designed will be difficult to construct, but
from a practical standpoint, the ski jump spillways will be extremely
difficult .

8. Careful analysis must be made of the allowable concrete mass temperature
so appropriate methods of cooling may be arranged.
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9. Consideration should be given to developing a special cement of lower
heat of hydration similar to Portland Cement Type II, for Ertan.

10. The ability to forecast any flooding during construction is desirable.
1ll. The annual log drive is important and can be provided for.

12. There is a need in studying construction alternatives to emphasize use
of economic cost comparison.
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APPENDIX A

LIST OF CHINESE PERSONNEL ATTENDING THE TECHNICAL EXCHANGE ACTIVITY

Name Sex Title of Profession Ma jor Unit
Yin Kai-Zhong Male Deputy Chf. Engineer Hydraulic Eng. Chengdu Institute
Liu Ke=Yuan Male Deputy Chf. Engineer Eng. Geology Chengdu Institute
Wang Hun-Yuan Male Deputy Chf. Engineer Hydraulic Eng. Chengdu Institute
Li Yuan-Hui Male Senior Engineer Rock Mechanics Chengdu Institute
(Group Leader)
Jiang Ge-Jie Male Senior Engineer Eng. Geology Hydroelectric Power
Const. Admin.
Ke Zhi Male Asst. Researcher Eng. Geology Geology Inst. of
Chinese Science
Academy
Shao He-Gao Male Senior Engineer Rock Mechanics Chengdu Institute
Li Guang-Yu Male Asst. Researcher Rock Mechanics WuHan Rock & Earth
Inst. of Chinese
Science Academy
La Chen-Di Male Engineer Rock Mechanics Chengdu Institute
Shuen Zhong-Yuan Male Engineer Rock Mechanics Chengdu Institute
Zhang Chen-Juan Female Engineer Rock Mechanics Chengdu Institute
Hau Shi-Xin Male Engineer Hydraulic Eng. Chengdu Institute
Li Wa-Zhan Male Engineer Hydraulic Eng. Chengdu Institute
Lou Shu-Ying Female Engineer Construction Chengdu Institute
Wa Shi-Zhen Male Engineer Eng. Geology Chengdu Institute
Shao Zhong-Ping Male Engineer Eng. Geology Chengdu Institute
Zhang Qing-Ri Male Engineer Eng. Geology Army Corps 00300
Wang Yu-Tian Male Engineer Eng. Geology Army Corps 00300
Chen Chang-Ping Male Engineer Eng. Geology Army Corps 00300 §
Wu Ming-Gao Male Engineer Hydraulic Eng. ~
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Name Sex Title of Profession Major Unit
Liang Zhen-Xiang Male Asst. Professor Hydraulics Chengdu Science &
Technique Inst.
Fang Tue Male Lecturer Silt Chengdu Science &
Technique Inst.
Yao Zhong-Da Male Lecturer Hydraulic Eng.
& Hydraulics Tainjin University
Min Shi-Wa Male Engineer Hydraulic Eng.
& Hydraulics Hanjin Water Cons.
& Hydro. Power
Scientific
Research Inst.
Wuang Zhong-Wa Male Engineer Hydraulic Eng.
& Hydraulics Hanjin Water Cons.
& Hydro. Power
Scientific
Research Inst.
Xing Xian-Lu Male Engineer Hydraulic Eng.
: & Hydraulics Chengdu Institute
Fu Pei-Fan Male Engineer Hydraulic Eng.
& Hydraulics Chengdu Institute
Chen Zhi-Hun Male Engineer Hydraulic Eng. Chengdu Institute
Li Yuan-Yuan Male Engineer Hydraulic Eng. Chengdu Institute
Wang Zhao Male Engineer Hydraulic Eng.
‘ & Hydraulics Chengdu Institute
Yu Lu-Zhai Male Engineer Eng. Geology Army Corps 00300
Dong Bi-Zhang Male Engineer Hydraulic Eng. Chengdu Institute
Shi Fang-Da Male Lecturer Hydrostructure East China College
of Water Mgmt.
Engineering
Yang Ro—Qin Female Lecturer Structure Qinghua University
Haang Zhi-Xian Male Engineer Hydraulic Eng. Chengdu Institute
Lin Hun—Xing Male Engineer Hydraulic Eng. Chengdu Institute
Chen Ai-Fan Female Engineer Hydraulic Eng. Chengdu Institute
Zheng Xiou-Ji Male Engineer Hydraulic Eng. Chengdu Institute



Name Sex Title of Profession Major Unit
Zhou Hua-Shong Male Engineer Hydrostructure Chengdu Institute
Pu Din-Sheng Male Engineer Eng. Geology Army Corps 00300
Lo Pei-Zhi Male Asst. Engineer Eng. Geology Army Corps 00300
Xin Shi-Zhi Male Chf. Eng. of Const. Construction Chengdu Institute
Lu Chung-Pu Male Asst. Professor Construction Qinghua University
Zhu Guan-Xi Male Asst. Professor Construction Tianjin University
Tan Wei-Tang Male Senior Engineer Construction Hydroelectric Power
Const. Admin.
Huang Qian-Zhai Male Senior Engineer Construction Chengdu Institute
Lu Zhi-Chao Male Engineer Construction Chengdu Institute
Hu Pei-Ying Female Engineer Construction Chengdu Institute
Mu Jian-Zhi Male Engineer Construction Chengdu Institute
Xu Shou-Zhen Male Engineer Eng. Geology Army Corps 00300
Zhou Yuan-Biao Male Chf. Engineer of
Hyd. Engineering Hydraulic Eng. Chengdu Institute
Chen Da-Sheng Male Deputy Researcher Earthquake Eng. Eng. Mechanics
Institute of
Chinese Academy
of Science
Lo Xie-Hai Male Deputy Researcher Dynamic Analysis
of Dam Eng. Mechanics
Institute of
Chinese Academy
of Science
Cheng Hou-Qun Male Senior Engineer Antiseismic Water Conservancy
Structure and Hydro. Power
Scientific
Research Inst.
Wuang Ki-Xian Male Lecturer Antiseismic Tianjin University
Structure
Ji Jia-Rong Male Engineer Hydraulic Eng. Chengdu Institute
Tan Zhong-Qian Male Engineer Hydraulic Eng. Chengdu Institute
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& Technique Inst.

& Technique Inst.

Name Sex Title of Profession Major Unit

Mao Chou-Ping Male Engineer Hydraulic Eng. Chengdu Institute

Xin Ti-Qian Male Engineer Interpretor Chengdu Institute

Rin Zhi-Hui Male Engineer Interpretor Hydroelectric Power
Const. Admin.

Li Chen-Chu Male Asst. Lecturer Interpretor Chengdu Geology
College

Shou Qi-Qian Male Engineer Interpretor Chengdu Institute

He Qiao Female Interpretor Chengdu Institute

Liang Hueil Female Student Interpretor Tianjin Science

Wang Chou-Ying Female Student Interpretor Tianjin Science

Fong Huan Male Student Interpretor Tianjin Science

Male Student Interpretor Tianjin Science

Yu Qin-Hai
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APPENDIX B

UNITED STATES TEAM
FOR

ERTAN HYDROELECTRIC PROJECT

March 11, 1983

Joseph B. Marcotte, Jr. Dr. C. H. Yeh
Team Leader
Structural Dam Designer
Regional Director Head, Structural Department
Bureau of Reclamation Harza Engineering Company
P.0. Box 2553 150 South Wacker Drive &
Billings, Montana 59103 Chicago, Illinois 60606 []
William A. Clevenger Richard N. Seemel []
Geotechnical Engineer Construction Planning Engineering
Senior Consulting Principal and Management []
Woodward-Clyde Consultants Senior Construction Manager
156 Meadowlark Lane Bechtel Civil & Minerals, Inc.
Sequim, Washington 98382 P.0. Box 3965 ™
San Francisco, California 94119 []

Philip H. Burgi Dr. Tsung-Ting Chiang [}
Hydraulic Model Test Specialist Chief Hydraulic Engineer
Bureau of Reclamation Whitman and Howard, Inc. ]
E&R Center 45 Williams Street =
P.0. Box 25007 Wellesley, Massachusetts 02181

Denver, Colorado 80225

The process for selection of non-Federal members:

The National Council for US-China Trade, the Department of Commerce, and the
American Council of Engineering Consultants solicited applicants and nominations
from the private sector engineering community. Selection of non-Federal team
members had a primary emphasis of providing specialists in the area of
Geotechnology, Structural Design, and Construction Planning and Management.
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March 20, 1983

March 21, 1983

March 22, 1983

March 23, 1983

March 24, 1983

‘March 25, 1983

March 26, 1983

March 27, 1983

APPENDIX C
ITINERARY

Team members Marcotte, Clevenger, Yeh, Burgi, and Seemel arrived
in Tokyo.

Team member Chiang arrived in Tokyo. Entire team traveled via
PanAm Flight 15 to Beijing. The team was met by Messrs. Zhou,
Tan, Ren, and other members of the ministry staff as well as

US Embassy staff Wardlaw and Robinson. The team was

transported to the Yanjing Hotel. Mr. Wardlaw will travel with
the team.

Toured "Forbidden City"” in the morning. At 3:00 p.m., the team
met with Mr. Zhao and key members of the ministry of Water and
Power to review the itinerary for the visit and assure con-
currence on the objective. Minor modifications in the itinerary
were discussed. It was agreed that it would not be possible for
the team to provide comprehensive answers to the many complex
questions associated with the project. The team will discuss
with their Chinese counterparts the various technical aspects
and prepare a report summarizing the views of the team. Toured
"Temple of Heaven."

Visited Qinghua University and Laboratories. University
Vice-President Chang K.T. presented a description of the various
aspects of the University including laboratory facilities.

Staff members made a presentation of model studies and the
finite element analysis conducted on Ertan Project. The team
viewed the models which included a hydraulic model of one
spillway alternative and a geologic model of the abutments.
Visited the Water Conservancy and Hydroelectric Power Scientific
Research Institute. Following a brief history and description
of the institute by Sheng C.G., a presentation was made
regarding hydraulic studies being conducted on Ertan Project.
The team then had the opportunity to view the operation of a
model of a second alternative spillway configuration.

Traveled to Tianjin by train. Housed in Tianjin University
guest housing. Professor Dr. Shi Shao—Xi, President of Tianjin
University, discussed the history of the various departments and
specialties of the University. Staff members presented
discussions on hydraulic studies being conducted by University
laboratories. Several configurations of spillway discharges and
a model of the tailrace tunnel were observed. '

Observe structural model for dynamic studies using lasers.
Traveled by train back to Beijing.

Toured Great Wall and Ming Tombs.
Traveled to Chengdu by CAAC Flight 4102.
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March 28, 1983

March 29, 1983

March 30, 1983

March 31, 1983

April 1, 1983

April 2, 1983

April 3, 1983

April 4, 1983

Observed hydraulic model of a different spillway configuration
and the cofferdams and tunnels and two structural models of the
dam and a three-dimensional geologic model of the abutments.
Left by train for Dukou at 7:00 p.m. Mr. Clevenger became ill
and stayed behind. Mr. Wardlaw stayed with him.

Arrived Dukou 10:30 a.m. Brief discussion with Mr. Yin Kai Zhong
on itinerary during stay in Dukou. Technical presentations were
made.

1) General condition and function as well as study of dam con-
figurations by Mr. Wang Hong Yan, Chief Design Engineer of Ertan
Project.

2) Structural analysis by Ji Jia Rong.
Continued technical presentations.

(3) Stability analysis by Mr. Chen Yun Biau, Deputy Chief of
Hydraulic Structures Division.

4) Construction management by Mr. Xiu Shi Zhi, Chief Engineer of
Construction Planning Division.

5) Geologic conditions of the site by Mr. Chang Qingrui,
Geologist.

6) Rock mechanics by Mr. Le Chendi, Engineer in rock mechanics
teste.

Mr. Clevenger departed Chengdu for Dukou.

Began visits to Ertan damsite and relevant area. Three groups
were formed. The hydraulic and structural members inspected the
damsite and several adits into the foundation. The construction
management members reviewed the construction campsites, staging
areas, potential borrow areas, and the damsite. One adit was
inspected. The geology group waited in Dukou for Mr. Clevenger
who arrived at 10:30 a.m. The geologic conditions and rock
mechanics were reviewed with Mr. Clevenger in the afternoon.

Messrs. Clevenger, Seemel, and Wardlaw returned to the damsite.
Technical discussion on hydraulics, structural, and construction
management began.

Messrs. Clevenger and Wardlaw returned to the damsite.
Technical discussions continued.

Technical discussion continued.
Technical discussions continued. Left Dukou by train for

Chengdu at 4:00.
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April
April

April

April

April
April

April

April

5, 1983
6, 1983

7, 1983

8, 1983

9, 1983
10, 1983

11, 1983

12, 1983

Arrived Chengdu 8:30 a.m.
Visited Dujiang Yan (2,200-year-old irrigation project).

Visited Dongfang generator factory in Deyiang. Mr. Chiang trav-
eled to Beijing.

The team presented its findings to CHPSADI, Mr. Li Erding, Chief
Engineer, Ministry of Water and Hydropower, and

Mr. Pang Gia Zhenz, Chief Engineer, Hydroelectric Design and
Planning, Water Resources Hydropower Institute.

Traveled to Beijing by CAAC Flt 4101.
Sightseeing and shopping.

Messrs. Burgi, Yeh, Cleavenger, Seémel, and Marcotte traveled to
Tokyo by CAAC 929. Team separated and took various routes home.

Mr. Chiang traveled from Beijing to Boston.
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11.

12.

13.
14.

15.

16.
17.

18.

19.

APPENDIX D

PUBLICATIONS GIVEN TO CHENGDU INSTITUTE

Hydraulic Laboratory Techniques, USBR, 1980.

Technical Record of Design and Construction, Glen Canyon Dam and Powerplant.
Technical Record of Design and Construction, Yellowtail Dam and Powerplant.
GR-76-25 - Hydraulic Model Studies of Amaluza Dam Spillway.

GR-81-3 - Hydraulic Model Studies of Bartlett Dam.

GR-82-5 - Hydraulic Model Studies, Yellowtail Afterbay Dam Sluiceway.
Engineering Monograph No. 37, Hydraulic Model Studies for Morrow Point Dam.
Engineering Monograph No. 41, Air-Water Flow in Hydraulic Structures.
Engineering Monograph No. 36, Guide for Preliminary Design of Arch Dams.
Engineering Monograph No. 20, Selecting Hydraulic Reaction Turbines.

Engineering Monograph No. 19, Design Criteria for Concrete Arch and Gravity
Dams.

Engineering Monograph No. 7, Friction Factor for Large Conduits Flowing
Full.

Morrow Point Dam and Powerplant Foundation Investigations.
Morrow Point Underground Powerplant Rock Mechanics Investigation.

GR-75-9 - Concrete Performance in Yellowtail Dam, Montana, 10-Year Core
Report.

GR-81-5 - Concrete Performance in Morrow Point Dam, 10-Year Core Report.
Design and Analysis of Auburn Dam, 5 Volumes (7 books).

REC-ERC-72-18 - Power System Stabilization with High Initial Response
Excitation on Large Hydroelectric Generators.

Handout -

- REC-0CE-69-5 - Experimental Study and Analysis of Draft Tube Surges.

- REC-ERC-82-9 - Hydraulic Model Studies of Land Slides - Generated Water
Ways - Morrow Point Dam, April 1982, C.A. Pugh

- Finite Element Method in Anaysis and Design of Dams, Part C, Dynanic
Analysis - Methods, Problems, Criteria - Clough and Zienkwicz, 1975.
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- Frequency and Amplitude of Pressure Surges Generated by Swirling Flow -

Falvey and Cassidy, IAHR - 1970.

— Observations of Unsteady Flow Arising after Vortex Breakdown, Cassidy and

Falvey, J. Fluid Mech. Vol. 41, 1970.

- REC-ERC-71-42 - Draft Tube Surges, H.T. Falvey, December 1971.
- REC-ERC-72-24 - Influence of Draft Tube Slope on Surging Characteristics

of Reaction Turbines, U.J. Palde, July 1972.

- Model and Prototype Turbine Draft Tube Surge Analysis by the Swirl

Momentum Method, U.J. Palde, IAHR Symposium, 1974.

- Initial Operation of 600-MW Turbines at Grand Coulee Third Powerplant,

F.0. Ruud, IAHR Symposium, 1976.

- Penstock Intake Vortex and Related Turbine Operation Model Studies,

R.B. Dexter and E.R. Zeigler, ASCE-IAHR/AIHR-ASME, June 1978.

- Studies of A Method to Prevent Draft Tube Surge in Pump Turbines,

T.A. Seybert, W.S. Gearhart, and H.T. Falvey, ASCE-IAHR/AIHR-ASME,
June 1978.

— Computer Representation of Electrical System Interaction with a Hydraulic

Turbine and Penstock, J.B. Codvington, M. Harrison, L. Pereira, and
H.T. Falvey, IEEE, 1981

- Effects of Tailrace Geometry on Draft-Tube Surging, J.B. Nystrom,

Alden Research Laboratory, February 1982.

Microfiche
a. REC-ERC-71-14 - Governer Characteristics for Large Hydraulic Turbines
b. HYD-432 - Air and Model Studies of the Effect of Moving the Slots

Upstream in a Slide Gate and Reducing the Slot Size near Floor.
ce. C-1169 - Sliding Friction Tests of Bronze Alloys in Combination with
Various Metals.
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* SECOND INVESTIGATION TOUR *
* *
* TO CHINA *
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CONTENTS -
I. High velocity flow and hydraulic model tests 51
II. Static analysis and problems about Ertan arch dam 56
III. Stability analysis of the dam abutments and its problems 57
Iv. Dynamic analyses of the arch dam and its problems 58
V. Main problems on construction planning 59
VI. Summary of rock mechanic tests and main problems 60
VII. Turbine-generator sets, gates and hoists** 63
PREPARED BY
CHENGDU HYDROELECTRIC POWER SURVEY
AND DESIGN INSTITUTE, MINISTRY OF
WATER CONSERVANCY AND ELECTRIC POWER
* This Appendix 1is a reproduction of the document furnished by CHPSADI

** After receipt of this document it was agreed between the PRC and US
that expertise associated with turbine-generator sets, gates, and g
hoists would not be included on the US Team. Thus, answers were not =
provided for this set of questionms.
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I. High veloclity flow and hydraulic model tests

The feasibility study of Ertan Hydropower Station recommends the alternative
layout of double-curvature arch dam and underground powerplant. The flood

'discharge structures are mainly composed of overflow spillways and middle-level

outlets. Besides them, there are a ski-jump chute spillway on either side of
the central overflow spillway and a tunnel spillway in the right bank used as
subsidiary spillways. All these spillways are with flip buckets. Such a flood
discharge scheme is adopted mainly considering that the flood discharge of
Ertan Project is very large, the head is high. The maximum power of flood
discharge amounts to about 30000 MW, besides, the riverbed is rather narrow,
while discharging check flood, the power of discharged flow dissipated in unit
area of downstream riverbed amounts to 5 MW/M2. The reservoir of Ertan Project
is small compared with the flood volume so its ability of flood regulation is
poor. That leads to discharging flood frequently and lasting a long time.
Aiming at above-mentioned characteristics, the design principle of flood
discharge and energy dissipation should be such that the discharged flow is
separated as much as possible along longitudinal direction of the river, the
nappe before plunging into water should be diffused and aerated sufficiently in
order to reduce the flow power per unit area and the scour of the riverbed and
two banks and to ensure the safety of the flood discharge structures and

scouring protection works.

The expert group of U.S.B.R. suggested that the two ski-jump chute spillways
and the tunnel spillway be canceled in order to reduce investment and engi-
neering quantity of the project.

Both two above-mentioned alternatives have been studied and their hydraulic
model tests have been made.

(The distribution of flood flow and scouring results of the two alternatives
refer to the following table)

1. The preliminary analysis and comparison of the model test results

The model scales of the two alternatives are both 1:120. The model test
with a mobile bed and that with a fixed bed have been both made. The model test
with a mobile bed is simulated by granulay material considering rock masses
downstream to the dam cut by joints. According to the geological investigation

and- comprehensive analysis, for syenite d5p=3 cm, non-scouring velocity=10-11 m/sec;

for basalt dgj = 0.9 cm, non-scouring velocity = 5 m/sec. The results of the
mobile bed model test are listed at following table. For the alternative No. 3
(recommended by the expert group of U.S.B.R.), under usual flood discharged only
by overflow spillway, the scour of downstream riverbed will be the most serious.
Its model test is continuing now at Tianjin University. The final report of the
test has not been received yet. Refering to the measured results of the alter-
native No. 1 under maximum flood, the deepest point of the scour pit will be
below the level of 958 m. From the viewpoint of scattering the flow and
reducing scour downstream to the dam, the alternative No. 2 is more favourable
than the alternative No. 3, but the investment and engineering quantity will be

increased ‘much.
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2. Some views about the two flood discharge alternatives

The two alternatives have their own strong points and weak points. They
should be further discussed and studied. There are some people who have
following different views on the alternative No. 3:

(1). The alternative No. 3 adopts large discharge per unit width and its
nappe concentrates at the dam toe. If the floor of the plunge pool breaks,
it will influence the safety of the dam. Therefore, when the type of free
overflow is adopted for arch dam in some countries the discharge per unit
width is limited below 50 m3/sec. M.

In order to prove the recommended alternative at feasibility study
stage, we have studied the flood discharge design level of Mossyrock Dam of the
U.S. (refer to the Brief Description of Ertan Hydroelectric Project). When the
ski-jump chute spillway and the tunnel also discharge flood, the scouring abi-
lity of design flood (overflow scouring ability and energy dissipation ratio per
unit volume water mass) is close to the level of that of Mossyrock Dam.

Therefore, it is not sufficiently reliable that whole flood is only
discharged by the overflow spillway and the middle-level outlets if any other
else flood discharge structure are not provided.

(2). Ertan Hydropower Station discharges flood frequently. The overflow
spillway and the middle-level outlets both have large sizes. The latter bears
high head so it is hard to avoid accident during operation. Therefore, the
operation flexibility of the alternative No. 3 is quite poor.

(3). The free overflow nappe near the dam toe will cause vibration of dam.
Whether the vibration can or not influence the safety of dam should be care-
fully studied.

(4). According to the model, the alternative is feasible too, but whether
the model can or not well represent the actual condition of the project still
isn't quite clear yet.

Generally, whether the alternative is or not reliable should be care-
fully studied.

The vibration of the dam caused by overflow nappe has been studied and
measured.

According to the model test, the dynamic load caused by overflow nappe
is random pulses. At the riverbed level 980 m, for various flood discharge com—
"binations the superior frequency has been measured at the range from 0.2 Hz to
0.5 Hz. Comparing with the natural vibration frequency of the dam 1.69-1.73 Hz.
(empty reservoir), it can't cause any resonance.

Problems:

B3

1. Analysis and comparison about the reasonable alternatives of the double-
curvature arch dam.
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2. How to evaluate the method of model test with a mobile bed? How to esti-

mate the difference between the results of model test and prototype
conditions? How to improve the hydraulic model test?

3. How to adopt a reasonable measure to reduce the harm caused by flood
discharge to an arch dam (specially free overflow through the crest).

4. Whether the unsteady flow alternating sometimes pressure sometimes
non—-pressure can be allowed in the diversion tunnel, rebuilt as a tailwater
tunnel at the latter stage? What measures can be taken to eliminate such

condition?

5. The principle of choosing the protection measure and the type of spill-
way against surface cavitation caused by high-velocity flow. About this
problem the study situation and the operation experiences and the effects
of finished projects in the U.S. The critical problem about the incipient
cavitation number of indoor test. The problems on measurement and how to
determine the sonic intensity for ultrasonic measurement. The problems about
the influence of air content and the model law for cavitation tests. The
mechanism of aeration to reduce cavitation and associate measurement tech-
niques, instruments and equipments etc.

II. Static analysis and problems about Ertan arch dam

In selection of the configuration of the arch dam and analysis of its
stresses, the program of complete trial load analysis worked out by our
country is used. 1In the same time, we use the finite element method and the
structure model test to check its result.

The foundation deformation property of the dam site is ununiform. The
deformation modulus of the various rockmasses are very different. The modulus
of deformation of the altered basalt zones is very low. It is about 1/10-1/25
of that of the syenite. It is necessary to determine an effective modulus of
deformation which can represent the actual deformation property of the dam
foundation when we use the trial load method to analyse stresses of the dam.
We use the plane finite element method to calculate the effective modulus of
deformation. i.e. at controling points in the foundation in different direc-
tion (arch direction and cantilever direction) under different loads (normal
load, tangential load and moment) calculate the displacements of the foun-
dation, using various moduli for different subregions of the foundation, then
assume a homogeneous foundation which produces the same displacements under
the same type of unit load. By this we find out the effective deformation
modulus of the foundation.

The allowable stresses in the dam body is determined in accordance with
the actual conditions of Ertan and the results computed by trial load method.
The allowable stress is controlled by principal stress under the usual loading
combinations the principal pressure stress should not exceed 80 kg/cmz. The
principal tensile stress upstream should not exceed 10 kg/cmz. The principal
tensile downstream should not exceed 15 kg/cmz.
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The problems:
1. Please evaluate the results of stress analysis

The computer program we used is developed by our country. Although
it has been used in a few projects, the time of its application is rather
short. We hope to use the American program in common use, such as "ADSAS" to
compute the stresses in the dam for the configuration we recommended in the
feasibility report, so as to compare each other's results.

2. Please introduce the method to estimate the effective modulus of
deformation of dam foundation and other methods to study the effects of soft
rock foundation in the U.S.A.

3. What are the U.S.B.R. criteria of temperature control for concrete?
It is said that U.S.B.R. stipulates arch dam design based on the "ADSAS"
program and stipulates tensile stress not exceed 150 Psi under usual loading
combinations, and tensile stress not exceed 225 Psi under unusual loading com-
binations. We don't know whether these requirements are suitable to the ana-
lysis of the finite element method and if these stresses contain the actions

of uplift.

4. In computing temperature stresses, we use the experimental formula
put forwards by USBR:

t=57.7/T + 2.44

How do you calculate the temperature stresses at Ffurther stage?
Please introduce it.

5. How do you determine the size of the arch dam abutments with pads?

How do you study VOGT constant in analysing stresses in an arch dam
with the trial load method?

6. What suggestions of improvement do you have for the dam configuration
recommended at the stage of feasibility study?

7. Please introduce the "ADSAS" program or other methods and techniques
about analysing arch dam stresses.

8. What technical measures should be adopted so as to guarantee the
concrete strength in the high concrete arch dam?

III. Stability analysis of the dam abutments and its problems

There are no large discontinuities in the jointed rock masses in the dam
abutments. We adopt the three-dimensional rigid block method and the method
of plane finite element to study the stability of rock masses.

Slide block analysed is composed of a steep joint plane and a low angle
joint plane. Under the loads and the combination conditions of the structural
planes, tension will be produced on the steep joint plane of the block. Under
the condition, we consider the rockmass can not bear the tension and the block
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slides along a direction on the low angle joint plane. Owing to neglect the
shearing strength of the steep joint plane, the safety factors of stability of
the rock abutments are relatively low. The safety factor of stability Kc 3 at
the lower part of the dam (at its 1/3 height). The reasons are: 1. neglecting
shearing strength on the steep joint plane. 2. that the shearing parameters
used are on the low side.

Problems:

1. Using the rigid block method to analyse the stability of rock
abutments in U.S.A. if there is tension on the steep structure plane. How
do you deal with such a case in the analysis? '

2. When determining the shearing strength parameters, do you use the
average of peak values or the average of low peak value? How do you consider
the safety factor in determining shearing strength used in the analysis?

3. How do you judge the stability of dam abutments from the results of
rigid block method and of the method of plane finite element?

If an arch dam abutments are not stable enough, what method do you
adopt as a basis for strengthening the abutments?

IV. Dynamic analyses of the arch dam and its problems

Ertan hydroelectric station is located in a seismic rigion. The dynamic
analyses for the dam should be done in accordance with the proposals of
Specialists Group of the Bureau of Reclamation (B.R.). This analysis has been
carried out at the feasibility study stage in the following ways, Ertan Design
Group had computed with a way called Imitative Static Method, which is in accor-
dance with the Regulation——Aseismic Design Standard for Hydraulic Structure
(SDJ 10-78), promulgated in China. This regulation is suited to the dams of
height up to 150 meters. The regulation is based on dynamics theoretically,
i.e., when the dynamic responses of different structure were analysed, a defi-
nite load distribution diagram was so drawn in the regulation that it not only
represents the influences of different factors, such as types and heights of
the structures, forces of earthquake and so on, but also keeps a simple and
convenient static load type. We had also entrusted several colleges and
research institutes with the dynamic analyses for the dam in addition. In
these analyses and computations, the following assumptions had been adopted-

l. The concrete is a material with linear and isotropic elastic properties.

2. The foundation of dam is rigid.

3. The seismic wave is transmitted by the surface of foundation, where the
earthquake acceleration of all kinds are alike everywhere.

4. The interaction problem between the structure and the fluid mass durning
earthquakes, is consirdered starting from such assumption as the water in the
reservoir is incompressible. The dynamic water pressure on the dam had been
taken into account either as an APPARENT MASS of water or as a Simplified
formula, developed by Westergard from a rigid dam with rectangular, vertical
faces, retaining water. As for the earthquake-resistant analyses, two methods,
‘called Vibration Modes Superposition and Response Spectra, had been used. Some
seismograms, either recorded at home and abroad or artificial, had been used

for seismograms input.
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The following assumption had been used too-

l. As for the maximum acceleration of ground motions at the dam site, 0.2 g
had been used on account of that the seismic intensity we used in the design is
VIILI, or about of magnitude 6 in Richter's Scales, and 0.4 g had been used to
check safety of dam, by this time the earthquake intensity is IX.

G,

2. As for the criteria of allowable stresses, during earthquake, we
adopt a 30% increase in maximum allowable compressive stress and tensile
stress for concrete over that for the usual loading combinations.

s

Please give comments on and suggestions for following problems:

1. Evalution of every results obtained from different analysis methods.

EED

2. Evaluation of the dynamic parameters used in the computations and ana-
lyses, please give suggestions for improvement.

=3

3. Please introduce the U.S. dynamic analysis methods and experiences.
We would like to make a checking computation for this dam too, using the
general dynamic analysis methods of the U.S., and to contrast the result with
ours obtained from different methods.

4. How to deal with the influence of hydrodynamic pressure in dynamic
analyses?

3

S. How to consider the flexibility of founctions of dam in dynamic analyses?

|

6. What are the criteria of allowable stresses for concrete dams during
earthquake?

7. 1f an intensity of IX which is samilar with maximum credible earth-
quake (MCE), is used to make a checking computation, what are the maximum

allowable stresses? l

8. How to consider the dynamic stability of the rock masses at the dam
abutments?

1. River diversion

V. Main problems on construction planning £3

(1). Recurrence period of designed flood.

(2). Practicability of the two alternate diversion schemes—--one with
overflow cofferdams and the other with non-overflow cofferdams, as presented

in our work.

Suggestion for further improvement of diversion scheme.

(3). General layout and design of diversion works including tunnels and
cofferdams. Important technical problems which deserve careful consideration
in the course of designing these structures.
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2. Construction technique

(1). Method of excavation along the high banks ( > 300 m.) of both abut-
ments and selection of main equipment. Due to the high pressure of in-situ
stress as characterized by the frequent "cake-like" ruptures in the drill cores,
ef fective measures is be taken during the excavation process to insure safety
and the finished abutment being in satisfactory condition. 4

Please give some examples in U.S.A. and other countries.

(2). Stability of rock mass between under ground cavities (caverns)
closely situated in area of high in situ rock stress. Safety considerations in
the course of construction. Give opinions as for the construction procedure
construction method and important technical measures which are necessary for
speeding up construction.

(3). Method of dumping and placing concrete, selection of main
equipment and its capacity and other effective measures that will help speed up
dam construction.

(4). General arrangement of aggregate processing plant, (producing both
cracked stone and crushed sand) batching and mixing plants of concrete,
transportation of concrete etc.

VI. Summary of rock mechanic tests and main problems

A great deal of rock mechanic tests, in situ as well as laboratory, have
been completed in the dam site area of Ertan Hydroelectric Power Station.
Among them there are large scale, field direct shear tests 28 sets (surface
stress 2 sets, three—-dimension stress 13 sets, plan stress 6 sets, stress in
deep drill holes in the river-bed 2 sets); cement and chemical grouting tests
2 sets, 22 bore holes, 16 sections; laboratory medium scale shear tests 82 sets;
indoor elastic modulus tests 133 sets; seismic wave velocity measurements in
adits 4896 m; acoustic wave measurements in adits 1598 m; microscope identifi-
cation of polished rock sections 288 sets; chemical analysis of rock minerals
and X-ray analysis of soft minerals 35 sets. Through these tests mentioned
above and considering the geologic conditions of the dam site area, suggested
values of rock mechanic parameter, needed in design have been determined.
Further study for confirming is continuing. The mains of them are down hole
deformation modulus measurements and creep tests of uralitized basalt, double
shear tests of syenite and shear tests of some clay fillings, contraction
measurements of the chambers in the underground powerplant locations, and
grouting tests for strengthening the inferior rocks.

Please give comments on and suggestions for the following problems:

1. The methods of some main tests and evaluation of their results, the
improvement for further tests.

2. Determination of the shearing strength of the rock in the foundations

of main structures, including rocks in the dam abutments, country rock of the
underground powerplant and the inferior rocks, such as the uralitized basalt
in the right abutment.
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We consider the determination of these parameters not only depends on the
representativeness of the tested rock units but also the direction and magnitude of
the force acting upon the rock in the foundation of the structure concerned and
it also relates to the method of analysis as well as the safty factor used in
the design. We listed the results of the tests. Please determine the
correspondent design parameters according to the rationale and experience of
geologic and rock mechanic investigations in the United States. For example
if the rigid block method is exployed to study the stability of rock abut-
ments, what is the safty factor? What rock mechanic parameters should be
used, the arithmetic average, the low value or the average of the low values?
How to combine the results of field tests with that of laboratory tests?

Please determine the shearing strength of the rocks and its suggested values
in accordance with our test results and the following conditions:

(1). When three-dimensional rigid block method is used to study the sta-
bility of rock abutments.

(2). In three-dimensional or two—-dimensional finite element method, how
to determine the shearing strength and the safty limit of iamage?

(3). In the stability analysis of the country rock of a chamber, how to
determine the shearing strength of the rock, its allowable tensile stress and
the safety factor used in the analysis?

3. How to determine the shearing strength of the rock with discontinuous
joints?

4. How to determine the deformation moduli of the subregions in the dam
abutments according to the geologic subdivision and the test data?

Please evaluate our analytical results and give suggestions for improvement.

5. Evaluation of the engineering mechanic properties of the uralitized basalt
zones.

(1). Please evaluate the existing down hole test results (there are
three methods) and give the suggested values of their deformation moduli.

(2). How to evaluate the shearing strength of these rock masses? What
supplemental in situ shear tests should be done? How to determine the shearing
strength used in analysis? Please give your suggestions on the test methods and
techniques.

(3). Under confined and enclosed condition but with action of seepage
flow, how will the engineering mechanic properties of these uralitized basalt
zones change? What supplemental investigations can confirm these changes?

(4). What are the effective treatments for the uralitized basalt to
improve its engineering mechanic properties?

6. In-situ stress measurements and application of their results

(1). How to measure in-situ stresses in the jointed rock mass?
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(2). The methods of measurement, we used at present only adapt ot
rather intact rock. Because of the high elastic modulus of the intact rock, the
results of measurement are on the high side. They can not represent the defor-
mation property of the jointed rock masses. How to modify the results?

(3). The difference between the in-situ stresses in the rock measured
with the same method at different locations in a same region or that measured
with different methods in the same place is rather great. How to determine the
reasonable in situ stress parameters from these fifferent results?

(4). How to determine the three dimensional in situ stress field in
the location of the structure base on a few measured data?

7. Questions of design and construction of the structures in high in situ
stress location

(1). 1Is it necessary to consider the effects of the in situ stress in the
stability analysis of rock abutments? How to consider it if necessary?

(2). When field tests are carried out in the location of high in situ
stress, the natural rock stresses are often relieved and the rock mass is
relazed during excavating the adit and preparing the test specimen. It cer-
tainly affects the measured mechanic parameters of the rock in some degree. How
to improve the test method and technique in order to find out the effect of

in situ stresses?

(3). "Poker chip” disking in many intervals of rock core, particularly
the syenite, is found. Usually it occures in the place of higher in situ
stresses. Is it necessary to take some protection measures during excavation of

- the dam foundation? What are the effective protection measures if necessary?

In the past during adit driving, rock fall due to relief of in situ stresses
took place in some locations. How to assess the risk of rock brust and its
intensity in the future? What monitoring system should be adopted in the
construction of underground structures? Can rock bolt and shotcrete or other
measures prevent rock burst?

8. Design and consturction of large size chambers

(1) In the location of the underground powerplant in the left abutment,
the rock is rather intact with sparse joints which are closed. Can such rock
masses be regarded as linear elastic body in the finite element method analysis
of country rock of the powerplant?

(2). In the analysis of stability of country rock, we usually use finite
element method to determine the scope of possible damage and unbalance of the
rock through study of the stresses and deformation in it, and to find out the
stresses and deformation of the rock as a result of stress relief during exca-
vation. By these we estimate the condition of the country rock and degree of
its unbalance. Are there any experimental criteria to assess the condition of
the rock in excavation of large size chambers?
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(3). In the finite element method analysis of underground openings, how
to estimate the effects of rock bolt and shotcrete? In engineering practice
rock bolt and shotcrete are very effective. How to analyse their effects
quantitively?

(4). Please pass on experience of design and construction of rock bolt
and shotcrete with some practical projects.

(5). Please recommend the monitering systems and monitering survey in
construction of chambers with some practical projects.

9. Others

(1). 1In rock foundation the seepage water flows mainly through the
joints, so it is heterogenous. Darcy's Law for seepage flow in homogeneous
medium V=KJ (where k is the coefficient of percolation can hardly be used in
such a case. How do you determine the field of flow net under this condition?

(2). When anchor lines are used to strengthen the rock abutments of an
arch dam, how to determine the force in the anchorage cables? Which method of
analysis is better to find out the force, the rigid block method or the finite
element method?

VII. Turbine-generator sets, gates and hoists
1. Turbine-generator sets
You are requested to describe the following topics:

(1). The operating reliability of large hydrogenerating sets (including
the Grand Coulee large generating units from 1980 to 1983) each with a capacity
of more than 400 MW and the causes for serious accidents.

(2). Your suggestion for the optimum turbine parameters (Q;, Ni, Ns, G ,
% ) suitable to the Ertan Project.

(3). The method of calculating the turbine regulation warranty and its
relevant rule, specifications and instructions.

(4). The technology of design, calculation and construction methods for
combined strength of spiral case with reinforced concrete assistance.

(5). The means to prevent the Ertan turbine from cavitation.

The anti-cavitation materials used such as for Ertan turbine. The
experiences of aeration into the location of cavitation and erecting fins in
draft tube.

(6). The design and operation of a long (more than 10 times of turbine
diameter) and narrow (l.5-2 times of turbine diameter) draft tube.
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(7). The design of the large size spiral case near for the Ertan turbine
and the result of its hydraulic test (the hydraulic loss, the flow distribution,
etcCe).

(8). For a power plant with a 150-200 m. head, what would be the most
economical and effective measure for water supply to unit cooling, station ser-
vice and fire protection systems?

(i). If a jet pump is used, please introduce its operating con-
dition (noise, cavitation, efficiency and discharge).

(ii). If directly the low pressure water coming through the
labyrinth ring is used, how the operational condition will be? Will it
influence the operating stability of runner (increase vibration or swing)?

2. Gates and hoists

(1). The recent design development in gates with high head and large
sizes and in hoists with large capacity.

The code, specification and instruction adopted by Corps of
Engineers, U.S. Army and Bureau of Reclamation in the selection of types of
gate, and in the structural and hydraulic computation of the gates.

(2). The working gate for the middle level outlet of Ertan Project has a
size of Sm x 6m (w x h), its design head is about 100m. In order to seal water
tightly, radial gate with eccentrical shaft trunnion is suggested. Please
introduce an example of a project, the design considerations, result of test and
operation experiences of the eccentrical trunnion radial gate with a head of
100 m or above.

The emergency géte is suggested to use slide gate of 5.0m x 7.5m
(w x h). What are the low friction and high strength bearing materials?

If caterpillar gate to be adopted, please tell us its design and
operation experiences.

(3). The working gate of the spillway tunnel has an opening of llm x
10m (w x h), its design head is 75 m. The total water pressure is 9000 tons.
The type of gate is radial. 1In order to reduce the thrust carried by each trun-
nion, it is suggested to arrange 4 trunnions. If you ever met the similar,
tell us its design and operational condition.

(4). The velocity in the spillway tunnel and in the middle level outlet
is nearly 35 M/Sec. Suitable forms of gate slot are determined by model tests.
But what are the design criteria to decide the liner, the selection of liner

- materials and the measure to eliminate cavitation?

(5). Illustrate us the prestressed anchorage of a large taintor gate
(16x17.5m or 16x1l.5m) with an engineering example. The results in lab test
and of prototype test.
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(6). The type of hoist commonly used for large capacity (say 2x120 T.
and above) and for large sizes (say 16m x 16m and above) radial gate.

(7). In Ertan Project, there are 800-900 thousands M3 of logs needed to
pass the dam in July-September every year. During this time, the reservoir
level fluctuation is in a range of 25m. Mean diameter of the log is 0.3m and
its mean length is 4.5m. It is suggested to pass logs mechanically by longitu-
dinal chain conveyer with a capacity of 4000 logs per hour.

Please introduce the general layout of the chain conveyer, the feeding
equipment and the type of hydraulic accelerator, and the means to harmonize
the inlet mouth with the reservoir level fluctuation.
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APPENDIX F
DRAWINGS*
Page,
Plan View - Double Curvature Arch Dam 66
Detalls of Double Curvature Arch Dam - 75 m Base 67
Details of Powerplant and Tunnel Excavation 68
Details of Double Curvature Arch Dam - 65 m Base 69

* Reproduced by photocopy from a report entitled, "BRIEF DESCRIPTION OF
ERTAN HYDROELECTRIC PROJECT DESIGN"” by Chengdu Hydroelectric Power
Survey and Design Institute, Chengdu, China, November 1982.
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