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VOLUME IV

DAM SECURITY -ANALYSIS

4,1 INTRODUCTION

Dam failures have occurred since dam building began. One of the
earliest accepted accounts of a failure dates back to around 2900 B.C.,
to a masonry dam in Egypk. It was probably built without a spillway and
failed by overtopping shortly after it was built. The International
Commission on Large Dams (ICOLD) conducted a survey in 1965 which
indicated that since 1830 at least 466 incidents to dams have occurred
worldwide. About 200 of these incidents were failures.

In United States, the National Dam Inspection Act P.L.92-367 of
1972 was implemented to set up a national program of inspection of non-
federal dams. There were three purposes for the committee. The first
purpose was to compile an inventory of dams iﬁ the United States. The
second purpose was to inspect the non-federal dam 1nvent§ried and to
provide the inspection results and adyice for remedial measures to the
state governments. The third purpose was to provide a report to the
U.S. Congress on the activities performed under the Act and to give
recommendations for a comprehensive national dam safety program.

Although this Act was put into law in 1972, no dam was inspected,
until 1977, half a year after the failure of Teton Dam in Idaho. The
iuventoried ‘dams were classified as high, significant or low hazard
dans. Dams where failure would cause the loss of more than a few lives
or result iIn excessive ecoromic losses to communities, industries or
agriculture, were classified‘ as high hazard dams. About 9090 dams in

United States fell into this categocry.
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Of the 6632 inspections to high hazard structures, completed by the
end of 1980, 1927 dams, or 29 percent, were found to be unsafe. Ninety-
seven dam; were found to n;ed emergency work, including eighteen that.
were breached. The inspections concerned unsafe attributes of the dams,
rather than causes of actual incidents from the other studies previously
discussed. Of the dams found to be unsafe, inoperable contr01.
component; and defeégive structural component were the primary
deficiencies, accounting for 2.7 percent each. Instabilitj of stfucture
accounted for 6;2 percent and seepage for 9.0 percent. The majority of
unsafe dams, 78.1 percent, had inadequate spillway capacity cited as the
primary deficiency. The final 1.3 percent were listedlas having other
deficiencies. A major reason. for inadequate spillway capacity which
accounted for 78.1 percent of the unsafe high hazard dams, was the

~cﬁange of the criteria for spillway size of hi;h hazard dams used by the
Corps of Engineers in the'national program. The spillway design flood
that a high hazard dam projeét should be capable of safely passing, to
bé in compliance with the COE’s spiliway capacity guidelinek. is the
probable maximum flood (PMF) for dams greater than 40 feet in height or
witﬁ a storage capacity greater than 1000 acre-feet. The 1/2 PMF is
considered adequate for smaller dams. These guidelines were modified to
1)2 PﬁF for any size high %azard dam, in most cases, when it became-
a?Qarent that the majority of high hazard Aams would not meet the
requirements. ° Of course, with more flood data collected, the magnitude
of PMF would also increase. A - .
‘For nore detailed discussions of dam incidents and dam failures,

readers are referred to a separate report titled "Review and Analysis of
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Dam Safety Inspection Guidelines from Governmental Agencies" by
Regenstrif and Shen (1986), under the.same contract.

As hore dams have failéd, the public has begun to pay much closer
attention to dam security analysis. Detailed dam safety.analysis were-
made for most of the major dams; A great deal of analysis and
constructions are currently underway in United States to enhance the
safety of many major dams.

For  the security analysis of Valdesia Dam, we assembled a team of
consultants to conduct a visual inspection of Valdesia Dam security in
May 1985; a review and analysis of dam safety inspection guiﬂelines from
U.S. governmental agencies; analysis froﬁ existing data for dam safety
monitoring; a recommended proéedure for dam safety inspection; a
recommended procedure for emergency operation; and a recommended

organization plan for both normal and emergency reservoir operations.
The first three items are described in this volume and the last three
items are also briefly described in this volume. Detailed descriptions

of the last three items are given in Volume 5.

4.2 DESCRIPTION OF THE TWO DAMS
4.2.1 Description of Location and Area

The Valdesia Reservoir system, located on the Nizao River in the-
Dominican Republic (see Figure 4.1), was designed to provide irrigation
water to Nizao agricultural areas and hydroelectric energy to the
national electric "'power network. As shown in Figure 4.2, the system
consists of the Valdesia reservoir with a concrete buttress dam, a
spillway, and a 60 MW hydropower plant, and the Las Bariaé afterbay ka

short distance downstream from Valdesia) with a diversion and spillway
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system. Future water resources planning for Nizao basin includes three
additional reservoirs with _power plants (Rancho Arriba, Jiguey and
Aguacate) upstream from Valdesia reservoir (see Figure 4.3).

The Nizao basin upstream from Valdesia Dam covers approximately 900
sq. km. 1in area, and has an elongated shape (see Figuré 4.4). Mést of .
the heaa water areas of the basin have high slopes with a drop in
elevation of about 2500 meters from the highest point to the,Valdesia

Dam site.

4.2.2 Description of Dams
General information, objectives, and detailed specifications for
the dams are given below:
(1) General Informationm:
Valdesia is a concrete buttress dam gnd is part of a system of
hydraulic structures built to fully develop the Nizao river
basin. The system will be formed by Rancho Arriba, Jiguef,
'quacate and Valdesia dams. - -
(25. Objectives:
- Hydropower (installed cap = 60 mw annual generation of 110
million kwh)
- Irrigation - im conjunction with' Las Barias Dam (5 km
downstream from Valdesia Dam). Will irrigate 19,000

héctares
- Flood control
(3) Other Objectives:
- Water supply to surrounding towns

- Téurism






‘utsey ORIIN 043 Ul satoasarsar posodoad pue Jurisivy gty oandryd .

soyiInoNN

o2 ] o 06 o9 or 09 os or o¢ 02 o1 2
I R — Ty — e T IV E TS e by O
— s os
ONJLSIX
oot
H < ;19 7 B13udieg :
I IVYINID ¢
VISIONVA 08 0105 oy = os
o :
m 002
P o)
L2 1n popr3od [] Pq-
AN SEE1 10104 POPII9d m < = 0s2
v UdSPJOoNd
m- AR B6 : 07U3I0d , oo
. 3
varnss op aes = =TT LF T IVEINID >
o= I
[
~ UNOTE 1148 Popi3edo)) oor >
2 QYR 00'S 10104 Pop#20dD) R u—— n
L ) XINOIE W .Cm a349040Md .
- osy m
- z
uma.e:. 29 oujog™ e == — oos £
’ -4 - LY} g .e.mcm.ﬂ_ 2
AVYINID 056 ® -
4 [-]
. . w
AN CO'SEI  11n papde) ¢ NG : . — ™
S9N 0051 10104 popacde) . IR AT e 0435040 d
. . 059
VEIIYY OHIONYY 9 Aﬂ Q\Od . 00¢
{00252 14m POPI200) o5t
AN O2UEZ 10101 POPI000)
SYALSWAL VYYD SV 30 01S3Y 133 NOID7DISI00N ooe
AUNIINDISNOI VI NOD ‘OLTIVS VAYI N3 MW 09 . .
SONN 21VIVAOV A AINIOIF N3 N3NOJOWd 35 . ose
A MR ¥S H0O OGINYISNGD VH 35 VISICIVA TLO8 : : . ‘ \
006
<
« 056
WNIGNLIONOT I4Y3d -

2961 N3 aLS3NdOYd

NN EEEEEEEEEEEEEEER






-IV-8




S AT W W O OV, W O™



Iv-9

- Fishing

(4) Specifications

'/ ia Dam: (see also Figure 4.5)
Top of the dam , 156 masl
Max. extraordinary level 154 masl
Free board 2 m
Max. operation level . 150 masl
Elev. spillway crest : , 145 masl
Min. operation level 130.75 masl
" Height of dam 76 m
Length of reservoir 7 km
Capacity to level 154 221 MCM
Capacity to level 150 . 186 MCM
Capacity to level 130.75 58 MCM
Capacity between levels 150-154 35 MCM
Spillway’
Max. discharge capacity 7200 m/sec
5 radial gates of dimension 24 X 5 m
Width of piles (approximate) 40 cm
droelect a
Length of tunnel . 900 m
Diameter of tunnel under pressure 6 m
Diameter of discharge tunnel 6.75 m
Installed capacity 60 Mg
Discharge through intake 80 m~/sec
Las Barias Dam: (see also Figures 4.6 and 4.7)
Top of the dam 81.6 masl
Max. extraordinary level 79.5 masl
-Total length 664 m
7 radial gates 15 m width x 8 m high
and one radial gate 13 m width
Elev. spillway crest 69 masl
Capacity to bottom of spillway 0
Capacity to top of gates (level 77.00) 0.6 McCM
Capacity to level 79.5 1.11 MCM
Height of the dam 22.6 m

. 4.2.3 Related info:matioh

(1) During the passage of Hurricane David in September 1979, all

of the spillway gates at Valdesia Dam were not fully opened and these
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gaées washed away. Spillway gates for the Dam Las Barias were also
damaged.

(2) A great deal of sediment deposition occurred in Valdesia
Reservbig after Hurricane David. Figure 4.8 indicates the sediment
deposit level in Reservoir Valdesia. This top sediment deposit level is
rather close. to the power 1ntake: ‘Thé excavation of these sediment
_deposits in this reservoir will begin soon.

(3) There are five gates over the spillway of Valdesia Dam. With
tﬁe reservolr level at 154 meters, a total of 5000 cms can be passed
through the five gates. For a maximum level of 156 meters, a total of
7006 cms can be passed through the five gates of Valdesia spillway.

(4) There are eight gates over the spillway of Las Barias Dam.
With the reservoir level at 80 meters, a total of about 7200 éms can be

passed through Las Barias Dam spillway. The height of this dam is 81.6

meters.

4,3 VALDESIA DAM SECURITY’INSPECfION BY A CONSULTANT BOARD

The Board consists of Charles F. Corns, Consult@ng Structural
Engineer, Jacob H. Douma, Consulting Hydraulic Engineer, Wesley Holtz,
iéoﬁsulting Geotechnical Engineer, Alan L. O0’Neill, Consulting
Engineering Geologist, and Hsieh Wen Shen, Hydrologi;t and Hydraulic
Engineer, Colorado State University.

The Béard performed its mission during May 15 t§ 18, 1985,‘and its
itinerary was as follows: |

May 13. Discussed the prbjects with personnel from ;ICA, INDRHI,

and CDﬁ. .

May 14. Site visit,
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May 15. Discussed projects - wiéh personnel fram IICA, INDRHI, and
CDE.

May 16, 17 and 18. Preparation and éompletion of this report.

The purposes of the review were; (1) to 1dentify project defects
that are apparent by visual inspection and to recommend remedial
measures on tﬁe investigations needed to develop-remedial measures; (2)
to develop recommendations for the initiation of a formal inspection
frogram to promote project safety; (3) to develop recommendations for
emergency operations and for a ;arning and evacuation plan; aﬁd (4) go
recommend a plan for organizational control of project operations during
normal and emergency situations. The report discusses these items in
the foregoing order, followed by the Board's recommendations. The
section on PROJECT DEFECTS is based upon observations of the Board
during its visit to the project and upon discussions with INDRHI and CDE
personnel.

For detailed discussions of the findings of the Consulting Board,
the readers are referred to "Review of Valdesia and Las Barias Dams,
Nizao ﬁiver." by Corms e£ al. (1985). The specific recommendations are
as follows:

1. An unggrwater inspection should be made of the Valdesia power
intake trash rack and it should be cleaned of debris, if
nécessary. Similar inspectinns should be made periodically
when the reservoir water level is low.

2. Consideration should be given to the need for pfoviding a
vortex suppressor with a larger trash rack at Valdesia Dam to
reduce pressure fluc;uacions in the peastocks wﬁen the racks

are parciaxiy blocked with debris.
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The 1left 1low-level outlet at Valdesia should be made
operational in the same manﬁer as adopﬁed for the right
outlet. Larger and stronger trash racks should be instailéd
to prevent debris blockage at the intakes.

The Valdesia stilling basin should be unwatered and cleaned,
after which the concrete surface should be inspected. Any
damage should be repaired before the basin is placed back into
operat;on. Similar inspections should be made periodically.
Sediment deposits at Valdesia should be monitored carefully
and removed when necessary to insure that coarse sands and
gravels do not pasé through the low-lgvel outlets and power
intake. ‘

To provide greater assurance of p&wer to operate the V;ldesia
spillway gates, the generator station should be protected from
the intrusion of rain runoff and the power cables fromAthe
450 KW emergency generator should be adequately pfotected from

the elements.

.- All design and construction data for Valdesia Dam should be

reviewed to estimate a conservative, but reasonable shear
strength for the féundation rock and an analysis to determine
the dam’s resistance against sliding should be performed. If
an adequate factor of safeﬁy is not obtained by using an
estimated foundation shear strength, the foundation rock
should be tested by laboratory and/or in situ methods to
determine the pfober shear strength.

An earthquake study of éhe Valdesia Dam site afea should be

made to provide input data for a dynamic analysis. The-
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dynamic analysis of the dam should be made using ground

motions from the Safety Evaluation Earthquake.

All foundation drains at both Valdesia and Las Barias dams
should be 1located and identified. Each drain should be’
inspected for openness and cleaned Qhere necessary.
Observations of flow from each drain should be recorded and a

record of discharge volume from the sump pumps should also be

" maintained.

A study shouid be performed to assess the adequacy of the
existing foundation drainage system at Valdesia.

The piezometer system should be investigated to determine if
the measurements being obtained are accurate. All piezometers
and other measuring devices should be checked at three to four
month intervals to assure that they are operating properly.
Instrumentation data should be maintained on time plots, also
showing associated data such as reservoii level an&
temperatures, as appropriate.-‘ -

A line of survey monuments should be installed across the

. Valdesia and Las Barias dams for measuring horizontal and

vertical movements.

An emergency power generator should be installed at tle Las’
Barias spillwﬁy to ensure capability to operdte the gates.
The. sump pump in the Las Barias spillway galléry should be
maintained in an operable condition so that the gallery éan.be
unvatered for inspection and maintenance of drains.

At Las Barias Dam, reservoir sediﬁencacion should'be°monitored

to insure that large quantities of coarse sediment do not pass
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over the 'spillway to cause excessive damage to concrete

surfaces. Removal of reservoir sediment deposits may be

required in the future.

The Lgs Barias stilling basin should be unwatered, cleaned,

inspected for excessive concrete erosion and repaired, if

necessary. Similar inspection should be made periodically.

The Las Barias spillway crest gates should be operated as

uniformly as is practical to reduce downstream channel erosion

and minimize the amount of coarse sediment which may be
trapped in the stilling basin. |

A survey should be made of the scour hole downstrgam of the

Las Barias stilling basin to assess the stability of the end

of the stilling basin, the sidewal}s and the outlet sééucture

for the earth embankment toe drains. If stability is
threatened, ﬁonsideration sho;ld be giveh to placing large
stone in the scour hole adjacent to thé structureé.

A formal schedule of inspections for the Valdesi; and Las

Barias dams should be adopted, as follows:

a) Operations personnel should make frequent inspections of
all features.

b) An annual maintenance and structural inspection should be
made by engi#éers an&)or supervisors not directly
involved in day to day cperation and maintenance of'the

-dam. The inspéction should be documented by an inﬁetnal

report.
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¢) A formal technical inspection by a multidiscipline team
familiar wich‘ design and construction of dams should be
made at intervals no greater than 4 years.

d) Sﬁecial technical inspections should be made following:
m;jor problems or wunusual events such as earthquake,
hurricane, flood, and monitoring data indicating adverse
behavior.

21." An emergency forecasting procedure should be developed‘based
on modern techﬁiques and equipment.

22. An emergency operating plan should be developed ﬁo assign
responsibilities and 1include specific instructions and
alternatives for different situations as agreed upon by both
CDE and INDRHI.

23; A warning system should be devised to warn dam tenders and the
public in downstream areas of an impending emergency.

24, An evacﬁation plan should be dgveloped to move pebple from the
‘downstream areas expected to be flooded by discharge§ from the

' dams or sy potential dam failure.
. 25. The emergency communications system should be improved by
adding more redundancy to the system, str;ngthening the
existing -microwave tower, and possibly replacing the existing’

radio equipment.

‘4.4 VALDESIA DAM SAFETY DATA ANALYSIS

i - Five different types of data collected by CDE to monitor the

behavior of Valdesia Dam. These five types are (1) piezometers to
.mecesure the variation of uplift pressure, (2) temperaéure gauges, (3)
pendulum  to measure the dam movements, (4) extensémetros to measure

ccncrete deformation, and (5) accelerometers to measure sudden movements
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of the dam. The first four types of data collected during years 1982;
1983 and 1984 were provided to us in October 1985.

4.4.1 Piezometers

Piezometers are used to measure uplift pressure underneath the dam.
If excessive seepage should occur below the dam, the large uplift
pressure underneath the dam could overturn thé dam. Eighteen cuerda
vibrante '(viﬁrating wire) type of piezometers were installed at blocks
5. 11, 15, 17 and 18. The locations of these blocks are shown in Figure
4.5. This type of piezometer 1; satisfactory, providing the equipmeﬁt
are properly maintained and the engineers, taking the readings, have
been properly trained for making the.observations. Piezometers should
be checked every to to three months to insure that these equipments are
functioning properly.

All the piezometer data a;e plotted on Figures 4.9 through 4.22.
Pore pressures wre used on the vertical axés_because pilezometers are
installed at different datum and it is convenient to analyze results at
this form. Each line on the figure indicates data taken on the same day.

As- stated by Rodriguez, Octavio and Franklin Ramirez in their

October, 1985 report titled, "Sistema de Auscuitacion de la Presa de

‘Valdesia,” that not all the piezometer readings can be trused. It is

recommended that all piezometers should ‘bé investigated at once
acc&rding .to the procedure recommended in Section 4.5 of this report.
The particular trouble piezometers are No. 1 (P5-1), No. 7 (Pl17-a) and
No. 8 (pl7-b) because these readings did not respond to the change of

reservoir level (see Figures 4.11 and 4.18). Piezometers No. & (P11-2)

. gave constant pore pressure readings which might be valid: If all the

existing piezometer data should be correct; uplift pressure underncath
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Block 5 is certainly dangerous, and ﬁplift pressure.underneath Block 17
is rather marginal. Detailed stability analysis to investigate the
overturning of dam must be conducted at once. Figures 4.21 and 4.22 are
for pore pressure distributions of piezometer P18-1.

4.4.2 Pendulum

There are six pendulums installed 1nsi&e'the dam to measure thg
movements of the dam. As shown by Figures 4.24 and 4.25 for "direct
pendulum”, the maximum movements for each pendulum was less than 2
millimeters between 1982 and 1984 and also in 1984 the pendulum readings
were very stable. The No. 1 and No. 2 inverted penduluq fluctuated
wiﬁhin 2 millimeéers between 1982 and 1984. However, No. 3 inverted
penduium, inserted at Buttress Block 15, had moved considerably (about
4 mm) between March to July 1982 both in transverse and longitudinal
directions. Figures 4.26 and 4.27 sﬁow the pendulum wire movements.
One must note that No. 3 direct penduium:is‘also inserted at Buttress
Block 15 and had not moved considerably between March t& July 1982.
This discrepancy should be investigated at once. It appears that the
_dam IQQVemgnts_ could certainly be caused by thermal stresses due to
temperature fluctuations.' In the fﬁture, its pendulum should move more
:thén 5 mm which was the maxiéun moéement recorded in the past four
years, one must employ a sbecialist to investigate this matter.
Fluctuation: of readings within nc.row limits are certainly better than
progressing movements in one direction. |

4.4.3 Extensémetros

Extensémetros are used to.measute.che deformation of the concrete
base of the dam. As stated in report titled: "Ausculcacio; de la Presa

de Valdesia by OFITECO (date unknu.a), that all the extensémetros ware
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in bad shape during the flooding by Hurricane David and repairs were
made for all these extensémetros. Data collected during 1982, 1983 and
1984 are plotted in Figurs 4-27 through 4-34 and summarized in Table

4.1.

Table 4.1. Deformation peasufed by extensémetros.

: ’ Deformation Deformation
Base Anchor DH_(mm) DX (mm)
Ext. No. No. . 1982 1983 1984 © 1982 1983 1984
1 1 0.6 0.1 0.4 0.7 0.2 0.7
2 -0.5 -0.9 -0.8 -1.0 -1.5 -1.5
3 0.4 -0.4 -0.1 1.0 -0.7 -0.4
2 1 19.0 19-21 20 © 55 5558 . 59
2 6.0 6.0-8.0 9.0 2.0 2.002.5 3.0
3 -5.0 -4.0»-1.0 -0.8 -1.8 -1.8+-0.4 -0.4
3 1 -0.3 -0.3 -0.2 -1.0 -0.9 -0.5
4 1 1.0-0 Missing Missing 1.4+0 Missing Missing
2 1.000.6 0.4 0.8 1.0 0.8 1.2
3 4.003.0 2.6 2.6 6.04.0 4.0 4.0-4.5

As 1gdicated iﬁ Table 4.1, the anchors in Base No. 1 moved within
1 mm; the anchors in Base No. 2 moved within 3 mm; the anchor in Base
No.. 3 moved within 0.5 mm and the anchor in Base No. a‘moved within 2
;@. These movements appear to be normal. Readings taken from
extensémetros Group No. 1l installed in the upstream face of dam shell

near elevation 116 meters indicated that very little movements occurred

between January 1982 and October 1983.
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4.5 REGULAR INSPECTION AND MAINTENANCE PROGRAM

Regular inspection and maintenance program is rather critical to
the dam ;ecurity. During H;rricane David in 1979, spillway gates were
not operable and considerable damage occurred. In this section, the ..
supply 1nspectioﬁ guidelines from U.S. Government agencies were reviewed
first and recommended procedures for regular inspection and maintenance
program are given. . |

4.5.1 Review of Regular Inspection and Maintenance of U.S.
Governmental Agencies

A report titled, "Review and Analysis of Dam Safety Inspection
Guidelines from U.S. Governmental Agencies" prepared by Regenstrif and
Shen was submitted for this project in April, 1986. Their conélusions
are given below. '

Safe;y 1nspections of dams . are rn;cessary to help maintain the .
safety and livelihood of thgse living near a structure. The historical-
incidence of failures and accidents to dams has repeated examples of
incidents that could have been'prevéntgd. Not all problems ieading to
incidents. can be detected in ;dvaﬁce by inspections, but there are
enough that can be to make inspections worthwhile.

" A statistical study of failures and accidents to dams, based on
information gathered by the United Statés Committee on Large Dams
(USCOLD) and the International Commissioq on Laége Dams (ICOLD), showed-
durability prgbleﬁs as prevalent in leading té incidents, accounting for
over 40% of incidents. Tﬁe U3CNLD reporﬁ'ci;es‘seepage problems to
embankment type dams and dec;riot#cion to concrete structures as the -
most frequently encountered problems. Scabiiity problems follow
durability problems, accounting for over 30% of proﬁlems. %unctional

problems accounted for approximately 20% and other types of problems
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. accounted for the remainder. The studies also indicated that the early

years of a dam’s life are when most of the incidents occur. Overall,
aroun& 60% occur within the first ten years of operation.

Governmental programs on dam safety can help to protect the public
by requiring that inspections are done and by generally promoting
fesponsible practices concerning dams. The owner of the dam is
ultimately respdnsible for his structure, but guidelines to ensure that
he 1is being held resﬁonsible are a prudent measure. . The Corps of
Engineers (COE) rated the states in 1980 on the basis of their dam
safety programs. Thirty states were found to have adequate dam safety

programs. These states were contacted and asked to send information and

-documents concerning their program. Several federal agencies with dam

safety programs were also contacted. The formats used by several.states
indicated an individual approach that met each state’s needs and
legislative requirements as the way to set up programs. Most ofvthe
states’ organizations were centralized, working from one department.
However, decentralized programs were also encountered. ?rograﬁs for dam
saféty cover several aspects of the dam; they concern a project from its
inception through operation and maintenance and finally, in some c;ses,
its demolition.. Periodic inspections of the dam are an important part
of this proéram. .

A program exerting the most direﬁt control the dams is a direct
surveillance progfam. In this case, the state 1is responsible for
inspecting the dams. An alternative program uses the quality assurance
approach, where the owner is responsible for the inspections, and
assures the state authorities that iﬁspections are being conducted. The

choic: of program approach is up to each state based on its resources.
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As with almost any program today, obtaining funding for
1mplementation can hinder the program from meeting its goals. The
National Dam Inspection Act of 1972 (P.L. 92-367) was enacted to help

the states improve or enact their own dam safety programs. Federal

. funding under the Act provided for inspections of high hazard

structures, gonpiling an inventory of the dams in each state, training
éf state personnel and publishing documents on guidelines for 1ﬁspection
programs. Many. states indicated Vthac when the federalifunding was
withdrawn, they would not have sufficient state funding to continue the
prbgraﬁ.. However, for those states with some funding, P.L. 92-367
provided an opportunity to improve their programs. When the COE rated
the states as having adequate programs in 1980, states were not required
to have adequate funding. In the 1982 report, only sixteen states of
the twenty-four rated as having adequate programs included funding.

| Besides wusing thé expertise and guidance supplied. by the COE
through P.L. 92-367, the completed inspections pointed £o an area of
disagreement between inspectors aﬁd dam owners. This area co;cerns the
spillway capacity requirements. Many dam owners feel the criteria is

too’ strict and are supported by the low incidence of problems due to

‘inAdequate spillway capacity. A method for evaluating this criteria on

a case by case basis, based on the damage estimates, with varying
spiiiway iﬁprovements can be use& to arrive at a solution that is
acceptable to both parties.

Guidelines for safety inspections are not usually p;rt of the
legislated program. It would be too hard to cover all of the areas to
look at on all of the dams under a program’s jurisdicti;n. However,

often generalized guidelines are includea as additional material. But
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to ;onduct a thorough inspection on an individualvdam, an individualized
guideline would be most appropriate.

In addition to individual characteristics of a dam project that
help in choosing the inspection items for a guideline, the level of
inspection being conducted can be used. Multiple levels of inspections
are used to help minimize the cost of ensuring a safe structure while
checking it . frequently. A program of four levels of inspections, used
by the Tennessee Valley Authority (TVA), describes this approach. The
four levels of inspection are formal, intermediate, informal and
special. The first thrée levels are conducted at set periodic
intervals. The longer the interval between inspections, the more
thorough the inspection is and the higher the level of inspectors. The
formal inspections are the most thorough, conducted by engineers and
geologists in the field of dam safety, at intervals of three to five
years. Informal inspections are often conducted by damtenders on a .
daily or weekly basis. The special ingpections are condﬁcted when an
abnormal event occurs, and can be Qs thorough as a formal inspeétion.

4.5.2 Inspections for Valdesia and Las Barias Dams

- Four levels of inspections should be immediately put into effect

for Valdesia and Las Barias Dams. These four levels of inspections are

informal, intermediate, formal and special. Informal (or routine)

insp;ction is for all proper personnel at the dams to make routine
inspections of all features of the project on a rqﬁtine basis that some
designated personnel (at the dam) are required to inspect cheir dams.aé
least once a month. The main purpose is to detect any visual evidence
of distress or weakness. The lists of these weaknesses are given later

in this section. Intermediate inspection should be conducced jointly by






 responsible personnel in the Operation Divisions of both CDE and INDRHI.

A formal inspection at about 5-year intervals should be conducte& by
specialisﬁs in structure, geotechnical, hydraulic machinery, hydraulics
and others. Special inspection shall be conducted after the occurance
of an abnormal évent such as hurricanes, large floods, earthquakes, etc.
If certain weaknesses syould be.discovered in any of these four level of
inspections, = consultants must be employed to make specific detailed
analysis.
Weakness conditions'may be described by the following condition.
1) Piping of boils in the area of any structure such
as the embankment, downstream from the embankment,
outlet works, or spill;ay.
2) Slides or sloughs on slopes of the embankment,
- spillway, stilling basin, discharge channel, or
embankment abutments.
3) Increase in seepage quancities-through or under
‘the embankment, abutments, spiilway area, or
‘ stilling basin.
. &) Increase or decrease of flow ffom the structural
joints, weep holes, or drains in the outlet worﬁs,
stilling basin, or spillway.
S) Unusual vertical movement, horizoncal novemént,
or éracking of the embankment or abutment.
6) Significant cracking of the outlet works, con-
duit, stiliing basin, or spill;hy.
7) Sinkholes or localized subsidence within 500 feet‘ -

of the embuankment, outlet works, or spillway.






8)

9)

10)

| 11)

12)

13)
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Excessive deflection, displacement, or vibration
of the outlet works tower, service bridge piers,
stilling basin retaining walls, and spillway

monoliths or elongation/abrupt settlement of the

conduit.

Erratic movement, excessive vibration, or operating

failure of outlet works gates.

Excessive displacement, benching, or degradation of
riprap and/or exposure of the embankﬁent or bedding
materials.

Unexpected increase or decre;se in piezometer
readings for embankments or foundatioms.

Occurrence of an earthquake.

Any other evidence of distress or potential

failure that could inhibit operation of the

project or endanger life or property.






4.6 REGULAR MAINTENANCE PROGRAMS

During Hurricane David, spillway gates could not be opened and
severe damage occurred. It 1is 1mpor£ant to keep all instruments in
working condition through a strictly enforced nainteﬁance problem. -In
addition, all mo;itoring systems for dam safety should be read regularly
at every two week intervals ana after each abnormal event. These data
should b§ eiamined at least once every two weeks and also after each
;bnormal event. If cignifican; change should occur in any of these
readings, special consultants should be employed 1nmediately to
investigate the cause of these changes. Regular maintenance programs
should include the following items.

4.6.1 Communjication Systems

The communication systems available at Valdesia Dam and CDE in

Santo Domingo are (1) ;hrough a UHF radio transmission system and (2) a

" micro-wave telephbne sysfem. Neither of these proved to be fail-safe

-

during Hurricane David. Additional redundancy needs to be built into
these systems because emergehcy communications between .the two
facilities are extremely important for (1) forecasting events, (2)
starting emergency operating procedures, and (3) putting evacuation
‘ﬁians into operation. ;
During Hurricane David, the micro-wave tower was blown down. This
towe¥ must‘ be strengthened to withstand the most severe storms, .
Consideration also might be given to constructing a second auxiliary .
tower located nearby at a more protected location, if this £s'posslbl;;‘.
The radio station also was not operable during the storm. Apparently, .

the 4eqpipnen: for this stations 1s in poor condition and should be

replaced.
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There should ﬁe operators at both ends of the system available in
some form at all times to transmit and re?eive critical information and
1nstr;ctions.

The communic;tions system must be closely examined before June of
each year (before hurricane season) and once a month during hurricane
éeason.

4.6.2 G_GSE_QP_&M_SM

The major defect in the dam emergency operating system was vividly
demonstrated during Hurricane David when the gates could not be
operated. This resulted in the destruction of all five gates at
Valdesia and two gates at Las Barias Dams, accompanied by ofher damage

-at the dams and in the downstream river channel. The princi&al reason
for gate opening failures was the lack‘ of electric power f;om the
primary powerhouse source and the emérgency source. Although
substantial improvement has already been.made, it is strongly suggested
that additional modifications be made to provide greater ﬁrotection to
primary and backup powér systems. .

The primary source of electric power for operating the gates,
during normal operations, is from the CDE electrical network, that
includes the Valdesia generators, and this is satisfactory under normal
conditions. However, during Hurricane David, the network power was out
and, reportedly, the Valdesia gécerators'were shut down because of lack
of operators, large flow of water from the hillside into the generator
room, and/or .equipment vibration. The powerline from an emergency 450
KW diesel generator,' located in the adjacent hillside, was damaged or
destroyed by the. storm. Thus n; power wes available té operaﬁe the

gates. Manual operations is not tedSLble'ddring an emergency and should -
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" not be relied upon. The Board believes that the main backup system

should be more reliable.

First, the generator station should be protected from accumulatign
of outside water, and, as mentioned, the ﬁenstock inlet trashrack should
be improved, if generator vibrations were due to unsteady flow.
| Secondly, the 450 KW diesel generator power should be protected.
This unit has been moved from the hill to the switchyard area. The
power to the gates is now supplied by means of cables on an open, shelf
type raceway, bracketed to concrete training and retaining walls. This
outside system is subject to poséible failure during a major storm. The
cables should be placed in a concrete raceway placed on the ground and
provided with a steel cover. Weep hole drainage of the structure should
be provided if necessary. Also there 1is some chance that the

transformer near the diesel generator house could possibly be damaged.

* This should be housed or otherwise protected.

Thirdly, a small generator has been added at the tof of the dam.
This can only operate one gate at any one time. However, in a rapid
hurricane storm, the time to operate all gates with this unit would be
excessive, and not practical in a storm as potent as Hurricane David.

Power to operate the Las Barias Dam gates is supplied over a power
line from the CDE network. There is no emergency source of power to
operste the las Barias spill&ay gate; in case of interrﬁpcion to the
normal power supply. During a storm emergency, it is essential to.che
integrity of - the dam that a capability to simultaneously operafe all
gates be available. Thus an emergency power generator shoqld be

installed at the las Barias Dam to ensure that capability.
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All power sources for gate operation should be éhecked each week.
The actual gate operation with full resérvoir head éhould be attempted
about once every four months 1if poséible, making an attempt to
duplicate, as closely as feasible, the severe hurricaﬂe conditions.

Dam Safety Monitoring Instruments

1. Valdesia Dam:A

Sevéral éypes of instrumentation were provided for the Valdesia dam
.and foundation in 1980. . Thesg included electric piezometers of the
vibrating wire type, pendulum type movement devices, extensometers and
accelerometers. (see publication "Auscultacion de La Presa de Valdesia,
Proyecto de Instalacion de Acelerografos y Piezometros de Cuerda
Vibrante" by OFITECO, dated April 1980).

It was reported in the publication "Control de la Subpresion" by
OFITECO, dated December 11, 1980, that 18 piezometers were placed
through the base concrete into the dam ro;k foundation. These were
located at blocks S5, 11, 15, 17 and 18. The locations are shown in the
above publications. There were 16 single piezdméters (one élevation)
and two 1nsta11§tions with twb piezometers (two élevations, each). The
piezometers ‘'are placed in a hole drilled into tﬂé foundation
:conglomer;te.‘ Sgnd surrounds the piezometer unié which has # porous
element and a cuerda vibrante (vibrating wire) with a'cable to a central
loc;fion for activation and readings. This type of piezometer is
satisfactory, ﬁroviding the equipment is propefly maintained and the
enginéer taking the readings has.been properly trained for ﬁakingvthe
observations. Piezometers should be checked évery three months to

insure that they are functioning properly.
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All these data should be taken every two veeks to show uplifé
pressures acting on the base of the dam.
' As discussed in Section 4.5, piezometer PSd} did not function -
properly. A check sﬁould immediately be made of the piezometric P5-1 to
determine if the measurements being obtained are accurate. This can be
accomplished by either 1nstaliing an additional plezometer of anothet
type clo;e to any piezometer whose measurements are suspect or by
temporarily converting a nearby drain hole to measure uplift preésures.
The 1latter method can be accomplished by inserting a packer with gaée
into the top of the drain hole.

.Thc first referenced publica:ion.indicates th#t pendulo (pendulum)
type movement measuring devices were installed at three locations as
shown on Plan No. 1. Data from these were recorded about evéry two to

four weeks. These data should be summarized by appropriate time-

' movement graphical plots. This must be ‘done and be . ﬁaintained

contimiously as data are obtained. We have received pend&lum data for
1982, 1983, and 1984. Any change 6f basic datumimust be clearly stated,
see discussion in Section 4.5.

The first = referenced publication Aalso indicitgs that four
;xtensoneteré were installed as shown on Plan No. 1. These data, also
taken at about two to four week intervals, should be summarized by time
vs i@venéné ,graphical. plots. This must b; done and the records
maintained up-to-date. | e

Measurement points were also inserted into the concrete ;t several
Jjoints. These consist .of tﬁreg points across which:rdial ‘gauge

measurements can be made. Records of measurements have been recoirded

and should be plotted continually.



L W OV O R OER e




IV-60

Three accelerometers installed on heavy concrete blocks are located
in the left abutﬁent rock, on the upper part of the dam near midp;int
and on the lower part of the dam at about the quarterpoint towards the
right sidé. These are strong motion Terra Tech., Model RFT-350
accelerographs, which are activated and reactivated at certain levels of
earthquake (or other) accelerations. This installation was discussed in
"Auscultacion. Presa de Valdesia, Si;tema de Vigilancia Sismica" by
OFITECO,. dated October 3, 1980. These were not installed prior to the
1979 earthquake, therefore, no records of that event are available. We
were shown the measured data during June, 1986. The accelerometer
triggers a target when activated. The instrumentation engineer should
check this while reading the other 1nstrumeﬁts, at the two to three week
intervals. If triggered, or if a noticeable earthquake event occurs,
the film should be removed and interpreted as to magnitude of strong
ground motion. A purpose of the accelerometer is to register the time
of any strong ground motion. One should then immediately check all the

other megéurements after this event. The correlation of the registered

. acceleration with dam behavior should be investigated after each major

movement.

We did not see any physical measuring points (brass bench marks,
steel imbedded rods or other fixed points) for Qurveying‘horizontal and.
vertical movements of the top surface of the Valdesia dam. This is
normally done as a "fixed points" measuring system which is easy to
install and inexp;nsive. One line of points a;chored into the roadway
concrete should be positioned longitudinally at the center. of each
block. Precise lnveling‘ ané distance readings (to 1/1600 fe -

0.3048 mm) should be surveyed at three to four month intervals and be
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- correlated with other instrument readings. Later, readings may be made

at one year Iintervals if justified bf the data. The data should be
plott;d for horizontal and vertical movements on movement vs time
graphical record sheets. It is unlikely that all points on the dam can
move the same amount continuously. Even when fixed points can not be
figorously established, the survey should be carried out to measure at
least the relative movements of dams.

2. Las Barias Dam:

We were advised that no instrumentation has been installed at the
Las Barias Dam, either for the embankment section or the gate structure.

As a minimum, one 1line of survey points for horizontal and vertical

- control should be established along the crest of the dam and gate works

at horizontal intervals of about every 50 meters or between gates.
Companion points should be established siﬁilarly in a line about one-
half way down the downstream embankm;nt slope. Precise level and
distance measurements to 171000 ft (0.3048 mm) should fe made about

three times per year. The points could be brass caps, steel rods or

~ other fixed points imbedded in concrete or drill holes filled with

mortar in the embankment.

The toe drain outlet should be repaired. The toe drain manhole

.should be inspected regularly and the depth of drain water recorded. It

would be advantageous to establish a flow measuring ‘weir at the

discharge end of the embankment drain, during the outlet structure

.repair work. . A periodic record of the amount of seepage through the

upstream concrete face and the embankment could then be monitored on a

continuing basis.
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4.? WARNING AND EVACUATION PLANS

Emergency gate operations are discussed in Volume III and
organization considerations are given iﬁ Volume V. Although it is not
within' the scope of this project, discussions on warning and evacuation

plans are given below.

4.7.1 Warning System

Thefe should be warning systems at the dams and critical locations
.downscream from the dams. .Warning systems ar required during
emergencies caused by hurricanes and other major.precipitation events
which require large passages of water through the open gates, or floods
caused by breach of one of the dams due to earthquake or other causes.
When 1large superflows are anticipated, a warning procedure is needed to
warn workers and supervisory people at the dams and families and persons
living within the flood plain downstream.

At the present time, the flood plain hyérology of the Nizao River
below the dams, has not been developed. A detailed studf is necessary
to determine the inundation levels for various upstream dischafge flows.
The studies should show the inundation levels for normal flows, high
precipitation: flow events when dam gates are opened, e#cessive'flows
{durlng hurricane events when dam gates pass their maximum capacity, and
majqr floods in the event of full or partial breach of the dams.

:.Variou; types of warning systems should-be considered for various .
flood 1levels. Less extreme flood dangers can be announced to the
populace by army, police or others, because the events may be forecasted‘
ahead of time, or, at least; Chere.is adequate time for evacuatioﬁ.
Warning systems should be developed for the specific grade of the

emergency visualized. Such emergencies include large flows with paitial
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to. full gate openings, extreme flows caused by major hurricanes, and
floods caused by a breach of the dam. Generally, the warnings would be
initiated by the dam operators in a;cordance with the emergency
operating plan based on reservoir elevations. In the case of high
magnitude earthquakes, the quake itself would be the alerting mechanism.

During the periodic readings of piezometers and the other instruments of

the dam, the monitoring staff should be alert to any significant or

major changes in readings whigh might indicate a buildup of failure
conditions. These might be forewarningsiof water pressure buildups,
drainage failures or structure or foundation movements. If believed
necessary for continuous surveillance, the instruments themselves could
be so adapted to trigger a warning system when exgremé differences of
readings from the normal are developed. 4This, however, would be a very
sophisticated system and 1is not ordinarily provided or recommended at
this time. | -

4.7.2 Evacuation Plan

After the flood plain hydroldgy study has been made and tﬁe various

type of warning systems have been established and proven, there will

‘bneed to be 'an evacuation plan. Such a plan will have various goals

idepending upon the severity of the anticipated flood events, the

terrain, and 1location of populace. For ginor floods due to high
pre;ipitatién events which require partial gate openings, people could
be warned to move to higher ground. The passagé of a hurricane event
with -full gate openings might require some of the populace fo move to
much higher ground and others to evaculate the valley. A dam breach
probably would require valleylevaCUAtion. The arcmy, policerr emergency

agency people will be required to enforce movement or evacuation of
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people and to assist with transporation and other needs. Such
evacuation emergencies should be well planned in advance and trial

emergéncy operations scheduled.

4.8 SPECIAL PROBLEMS
Some.problems were noticed by the Consultant Board during their dam
inspection trip in May 1985 and then special problems must be taken care .
of immediately.
4.8.1 Valdesja Dam
Rower Intakes:

During the passage of Hurricane David in August 1979, a single main

. generator was in operation for about one hour. It was closed down when

its operation became irregular and noisy an& drainage water entéfed the
generator room. While the somewhat higher than normal reservoir water
level and wave action during the hurricane resulted in 1ncre;sed
penstock pressures, it is not likely that this was the méjor cause of
erratic generator operation. Substantial blockage of the infake trash
rack could have produced sufficient pressure fluctuations in the
penstock to cause the irregular and noisy generator operation.

During the site visit, both generators were in operation with the
reservoir at elevation 131 meters. There was a vortex at the power
fntake which . contained a substantial amount of floating debris. The
vortex appeared to be pulling some of this debris down to the trash rack
which could -cause partial blockage of the trash rack. For lower
reservoir elevations, several smaller vortices could form.

It is suggested that an underw;ter inspection be made of the.power

intzke trash rack to determine the extent of its blockage by debris. -
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~ The trash rack should be inspected periodically when the reservoir water

level 1is low and cleaned of debris, if nebessary. Consideration should
be given to the need for providing a vortex suppressor with a larger
trash rack to reduce pressure fluctuations in the penstocks when the
rack is partiallj blocked withrdebris.
w el Ou

The two 1low level outlets could not be operated during Hurricane
David as they were blocked with debris and sediment. In the right
outlet, which h#s been opened and cleaned, the intake trash rack failed
causing trash to»lodge in the downstream Howell-Bunger valve making it

impossible to operate the valve. The Howell-Bunger valve has been

.replaced with a slide gate which will prevent blockage of the outlet at

the control wvalve. It is not known whether the trash rack has beén

replaced. If not, a larger and stronger trash rack should be installed

. -to prevent blockage of the outlet at its intake. The left outlet shéuld

be made operational in the same manner as adopted for the right outlet
as both outlets should be available to 1o§er the reservoir level at the
beginning of an'emergency reservoir operation,

Spillway Stilling Basin: .

The spillway stilling basin normally is filled witﬁ 10 meters of
wat;r when there are no flows through the low level outlets and over the
spillway crest. The stilling baéinvhas not been unwatered and inspected
since completion of construction. During the site visit, it was stated
that the sti}ling basin invert was covered with severai meters of logs
and other trash. The stilling basin should be unwatered and cleaned,
after which the concrete surface . should be inspected-tovdetérmine

whether the passage of logs or the crest gates during Hurricane David |,
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caused any damage to the concrete. - If so, the damage should be repaied
before the stilling basin is placed back into operation.
e Sedi tation:

A large volume of sediment was deposited in Valdesia Reservoir
during Hurricane David. A sediment survey made in December 1979
indicated that the top of the sediment deposit was near the bottom of
the power intake. Most likely, a substantial amount of fine suspended
sediment passed through the turbine unit which was in operation during
the first paré of the hurricane. Later inspection indicated that this
sediment did not damage the turbine runner. A contract has been signed

to remove much of the deposited sediment by dredging operations.

. Sediment deposits should be monitored carefully, particularly after each

large flood, and removed when necessary to insure that coarse sands and
gravels do not pass through the low lével ouﬁlets and power intake.
Foundatjon Strength and Dam Stability
Data presented to the Board of Consultants included some drawings
and written documents which indicate the extent of geoiogic and
foundation explorations. These data, along with our observations at
Valdesia Dam, suggest that the foundation for the dam consists mainiy of

conglomerate. The rock, as exposed on the abutments, contains gravel,

ranging from pea to cobble size, in a matrix of medium to fine sand.

Although the sandy matrix is only moderétely well cemented, the rock is
strong and forms massive bluffs in outcrops both up and downstream of
the dam. Descriptions of geologic conditions encountered during
construction were not available; however, from sll indications, the rock
remainq the same conglomerate fofmacion in the lower.parts éf the

foundation. The Board was not presented any vriginal design analysis, .
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hssumptions, or parameters used for the design. "It was noted in the

report on the visit to the dam construction site on November 1972 by

C.I.E.P.S. that a total shear resistance of 20_kg/cm2 was used to .

compute sliding stability for design of the dam. In the Board’s opinion

20 kg/ém2 without any allowance for the angle of internal friction would

represent a very conservative value for shear resistance of the

conglomerate rock. Yet, the same report indicated that tests yielded

strength values from 1 to 4.2 kg/cm2 on the foundation rock without
1ﬁd1cacing how the tests were conducted or what material those results
represent. An average value of 2 kg/cm2 for shear resistance was used
to feview the stability of an average buttress with the finding that the
vactor of safety was 1.2. Such a low factor of safety is considered
unsatisfactory for safe performance of the dam. The Board quegtions the
very low valuerf shear resistance used in the analysis and recommends
tﬂat a future sgfety évaluation include: (1) a thorough review of fhe
site geology to determine the nature of foundation materiqls, (2) a
review of data to determine ho; the foundation was treated and shaped
during construction, (3) an evaluation of shear resistance of the rock
against - sliding, and (4) a reanalysis of shear rgsistance against
;iiding utilizing the most critical buttress with uplift pressures as
determined by neasurehents. - The Board suggests that, after a good
und;rscanding éf the ﬁype and nature of the foundation is obtained,
exper;enced engineers can es:inate_conservative..but féalistic, values
for shear resistance of the rock. The dam’s factor of safety against

sliding can then be checked. If‘unsatisfaccofy values for factor of

safety are obtained; it may then be necessary to ‘conduct carefuily
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controlled laboratory and/or in situ tests of the foundation rock to
determine a proper value for shear resistance.
Foundation Drains:
During the inspection of the interior of Valdesia Dam, the Board
noted that some foundation drains situated in the spaces adjacent to
buttress number 15 were plugged with wood or mud. Also, the drawings

made av&ilable to the Board do not show all locations of the drains in

Plan view.

The proper functioning of the foundation drains is essential to the
dam’s stability and their effectiveness should be continuously monitored
to ‘assure their openness and a condition of free flow. As soon as
feasible, fhe locations of all foundation drains Qhould be determined
and recorded by number and location. All drains should be inspected for
openness and cleaned out where need;d. A record should be kept of flow
from each drain and date of last cleanout. Th; drain monitoring program
should be correlated with uplift pressure measurements to help assess
the effectiveness of the drainage system. It would also be Seneficiai

to measure the discharge from the sump pump that evacuates all water

 inflow to the dam’'s interior and correlate the measurements with time

‘and reservoir levels. That data would show any increasing or decreasing

rates of leackage and drain discharges. Any sharp decreasing rate

_should be further investigated to determine if the cause is due to loss

. of drain effectiveness.

In addition to the foregoing, it is advisable that an assessment of

the adequacy of the existing foundation drainage system be made based on

_stability analysis using uplift pressures as indicated by piezometers.

Should results indicate that increased stability is desirable and that
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imﬁroved foundation drainage would be beneficial from the viewpoint of
reducing uplifts, then additional drains should be installed.
Seismicity and Dynamic Analysis:

The Dominican Republic 1is subject to recufrance of strong
earthquakes. The largest earthquakes tend to be located on the ndrth
side of the island as evidenced by the 1946 Richter Magnitude M8.1, 1948
M7.3, and 1953 M6.8 events. Although the zone of strongest earthquakes
is | located some distance from Valdesia Dam, the seismicity is
complicated by .indications' of ;n active, relict subduction zone which
generally underlies the area of the dam site. Present day seismicity is
relatgd to active plate tectonics wherein the island of Hispaniola is at
the northeast boundary of the Caribbean plate which is moving east with
respect to the North American plate.

Seismicity of the island is well documented in a report titled
"Technical Report, CDE Seismograph N;twork, Deéember 13, 197? - July 17,
1981" revised July 23, 1982 by Matumoto.gnd Terashima of the Institute
of Geopﬁysics, Galveston Marine Geophysics Laboratory. The autho;s

examined records of historic seismicity and estimated that the dam site

' area has experienced earthquakes with a Modified Mercalli Intensity IX-X

during the period of 1567-1910. Intensity IX-X correlates'approximately
to Richter Magnitude 7-8 range. During the study period for the
reféféncéd report more than 1,500 earthquakes were recorded and based on
the daté, the authors propbsed three“seismic zones in the Dominican
Republic. Zone 3 1nc1udes' the area of Valdesia Dam. Statistical
studies of earthquake recurrenée for Zone 3 indicaée the following
return period for various levels of Richter Magnitude: M6.0 - 23 years;

M6.5 - 43 years; M7.0'- 78 years; and M7.5S - 144 years.
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The preceeding.discussion illustrates that Valdesia Dam is subject
to significant seismicity. The Board of Consultants was not presented
data .1ndicating the nagnitﬁde of the seismic factor selected for the
original design or how it was applied in stability analysis. The Board
recommends that the stability evaluation of the dam include a modern
dynamic analysis similar to those conducted for safety evaluations of
major dams in highly seismic areas of tﬁe United States. Such an
analysis needs ﬁo be preceded by an earthquake study for the Valdesia
Dam site in which a Safety Evaluation Earthquake (SEE) is selected along
with appropriate ground motion parameters for the site. It should be

mentioned that Professor Mete A. Sozen, in his report of April 25, 1979,

- "Report on Inspection of Valdesia Dam and Power House, Dominican

Republic,” recommended that a dynamic aﬁalysis of the dam'ﬁe made
following an earthquake site study.
 4.8.2 Las Barias Dam
Reservoir Sedimentation:

The site inspection at Las Barias Daq indicated that sediment was
deposited in the reservoir upstream of the dam and that some coarse
sands and gravel have passed over the spillway crest and through the
sti}ling basin. One sediment survey indicated the top of sediment
déposic upstream of the spillway structure to be about 2 meters bglow
the spillway crest. Concretesurface eroéion on the spillway crest just
downstream of the gate sills.and on the end sill at the downstream end
of the stilling basin 1indicates that coarse sands and gravels have
passed over the spillﬁay crest and through the stilling basin. This is
also evidenced by freshly depos1ce& gravel hars in the river channel a

short distance downstream oi-the stilling basin. It is suggested chaé-
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reservoir sedimentation be monitored to insure that large quantities of
coarse sediment do not pass over the spillway to cause excessive damage
to concrete surfaces. To prevent this possibility, it may be necessary
in the future to remove sediment deposited for some distance upstream of
the dam. Removing sediment from the reservoir would also increase water
storage in the reservoir and this benefits irrigation.

Spillway Stilling Basin:

It 'appears. that the stilling basin has never been unwatered for
inspection. It should.be unwatered and the concrete surface should be
inspected to determine whether excessive erosion has occurred or is
likely to occur if coarse sands and gravels continue to pass through the
stilliﬁg basin. Nonuniform gate operation would cause some gravels to
remain in the stilling basin and be moved around by eddy currents to
cause additional concrete erosion. Any abrasive material which may be
in the basin should be removed when the basin is unwatered. The crest
gates should be operated as uniformly as practical when coarse sands and
gravels pass over the spillway crest in‘order to minimize the ;mount of
these maéerials which may be trapped in the stilling basin.

wn a t
The site inspection indicated that considerable erosion has

occurred in the river streambed just downstream of the stilling basin.’

.A large portion of the sheet pile cutoff at- the downstream end of the

basin has f;iled and is disconnected from the structure. Most of the
original rock blanket downstream of the cutoff has been destroyed by
downstream erosion which appears to be several meters deep in some

locations. A survey should be made of the scour hole downstream of the

'stilling basin to determine whether there is a possibility of
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undermining the end of the stilling basin; the side walls, particularly
the 1left wall; and the outlet structure of the earth embankment
downstream toe drains. If& further deepening of the scour hole would
endanger these structures, consideration should be given to placing a
sﬁfficient amount of large stone adjacent to the structures and into the
scour hole to stabilize the whole area. The steel-sheet piling in place'
should be cut off at tﬂe stilling basin end sill top elevation and bent
and displaced steel piling should be removed.
a : d Foundat r

Board members could not inspect the spillway gallery at Las Barias
Dam because is was flooded and céuld not be drained due to the
inoperability of the sump pump; Thus, the sources of possible leakage
and the foundation drain discharge into the gallery could not be
assessed. It is essential that the gallery sump pump be maintained in
an oper#ble condition to permit the periodic inspection of the gallery
and the foundation d;ainage system. As in the case at Valdesia Dam, the
Las Barias Dam foundation drains shouLdibe inspected, cleaned out where
needed, and monitored closely to assure their effectiveness.
4.9 CONCLUSIONS AND RECOMMENDATIONS
- All recommendations (including those by the consﬁlting Board as

stated previously in this volume) should be implemented at once.
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