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1. INTRODUCTION

been build in Thailand for some seven hundred years ago during Sy ;
eriod foft;zzic;:li:'b?:fai‘s royal !Jal'ace‘water supp]y. The end of the Second World Wargrnar:::t:l;;
gegjnning of modern dam building in Th_alland. During the past 50 years, a‘lmos_l '5009 dams have beep
constructed by several government agencies, mostly for hydropower gencration, !rrigation, industria] 4ng
domestic uses. Although the dam failure and incidents were happened from time 1o time mostly involyey
small dam with inadequate spillway and secpage protection, However, not all dam failyreg had beep,
recorded. And the damage to properties, crops and loss of life sometime is not fully known, The
Electricity Generating Authority of Thailand (EGAT) who owns 30 large dams started their dam safety
program in 1982.The Royal Irrigation Depart_menl (RID) who responsible for more then 4000 damg
realized the important of dam safety and established the Dam Safety Inspection and Evaluation Center i
1992, After the incident of Upper Mun Dam leakage, Thai Government orders to inspect 225 large damg
all over the country. Later in 1996, RID. started their “Dam Safety Project” with the SUpports by the
World Bank for 25 year program. Unfortunately after some project preparation works and reassessment of
spillway capacity and remedial design of two selected dams had been done, the project was slowed down
by cconomic resession in Thailand, In parallel, RID Regional Office No.9 initiates the Dam Data Bage
Project for Dam Safety Evaluation and Maintenance with Kasetsart University. On this project, the data of
32 dams including extensive ficld inspection, drawings, construction control, dam monitoring, past
remedial works, operation and management etc. were collected in the data base, Then using Condition
Index System (CI), the gradings of each dam were evaluated according to their dam safety, maintenance,
repairing and rehabilitation conditions.

2. DAM SAFETY PROGRAM IN THAILAND

Dam Failures

The total number of dams in the world may exceed 150,000 dams at the present. There have been
about 200 notable dam failures in the world so far in the 20" century. And more than 8000 peoples lost
their lives in these disasters, (USBR, 1983) as shown on Table 1.

Dam failures in Thailand were generally occurred on the small dams with inadequate spillway
capacity, leakage in foundation and erosion on dispersive soil as shown on Table 2.

Table 1 Lives Lost by some of the Major Dam Failures
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YEAR DAM NAME LOCA'
R o TIoN-=| owNER CAUSES
Setween | Lum Sumiai | Nakom Ratchasima | Rp——————| CONSEQUENCES
1970 Lum Chiengkrai | Nakomn Ratchasima RID ¢ .
© | Umpuen Surin o dispersive clayon dam | - damaged seor
”19_72__' Huai Sawai Burirum Rll][; embankment rebulgl g
lua 9 101x1 ) P
EEEEE——
AR TSR I L SN
nearly overtopped
1978 Ubolratana Khon Kaen EGAT Large inflow from d/s areas were flooded due
heavy rain to spilled water
- dam crest was raised
] : ; s spillway was enlarged
1983 Huai Takien Prachinburi RID Internal cracking and
bl dispersive clay - damaged section was rebuilt
> - leakage through
1990 Upper Mun Nakorn Ratchasima RID Foundation leakage fOundi\'mn a
Problem - evacuation of d/s villagers
(A = dam was rebuilt
Mae Nawang Chiengmai Erosion of spillway | lostife
4 RID e Ty Y| - 60houses were damaged
- rice fields were damaged
- 146 houses were damaged
Mae Tak Nua Lumpang RID N/A - 3 villages were flooded
- rice fields were damaged
(6od : . : - 10 houses were damaged
Mae sluang Chiengmai LDD Spillway blockage - loss of properties by 20
households
- overtopping the dam
Flood during = erosion on d/s slope
Th Ph
Mae Thang ied R construction - damaged section of dam
was rebuilt
Erosion on spillway [ -  spillway was redesigned and
Mae Skuen Phrae RID | foundation rebuilt
[ 1997 | Huai Sala Srisaket RID__| Spillway uplift o Ch i

Existing dams i )

Nearly 5000 dams have been constructed by a number of government agencies including ;
Royal Irrigation Department (RID), Electricity generating Authority of Thailand (EGAT), Office of
Accelerated rural Development (ARD), Land Development Department (LDD), Department of Energy
Development and Promotion (DEDP); Provincial Waterworks Authority sectors (PWA).
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. T,he, pm;ates such gs laﬁd 'devlel@pex‘s, farmers etc. own some small dams in which the capacity
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Table 4 Distribution of Thai Dams by Owner and Reservoir Storage Capacity

[ Reservoir Capacity (MCM) _ —_—
Agency { No. of Dams ] =i [ 1-20 =20 Total
> | 4083 | 340 | 521 49 4010 — Upto 1994 7
- 30 | T | 7 14 26 Up 1o 1995
’_[j-‘\(;[; } 329 210 |73 - 283 __l;{p_loilgﬂ_\
LDD | 139 | 433 | 6 | - 439 Up to 1995
i T | I | 2 4 7 Up to 1995
= II 3 ] ] | - - 1 Up to 1995
PWA ==
[ Toral | 4889 | 4000 | 609 67 | _4766 s
* Number 1s less than the exact total number of dams because information on reservoir capacity is not available for some dams
er is less a :

Dam safety status in Thailand

The dam safety program is generally as a technical process o assure [ha[l al! dams will _maintain
their structural and operational safety over the service life of the dam_s, This is accomph.shed by
establishing and enforcing acceptable design, construction, operation and mamlen_an_c.e slarldurds for dams.

Thailand in the past, there is no code of practice that address the responSlblllly‘Oi dam owners for
dam safety procedures or emergency action plan in the event of dam fallgre. EGAT is the firg
organization who managed the dam safety program in 1982 following nearly fail Ubolratana Dam. The
Civil Maintenance Department was established to responds to dam safety activities and issued g regulation
for inspection and safety evaluation of EGAT's dam. After the failure of the Upper Mun Dam, RID
appointed a Dam Safety Committee to inspect RID large dams. And Dam Safety Inspection and
Evaluation Center was established in 1990 (0 serve as the secretariat to the Committee and coordinate
RID’s dam safety effort. While other dam owners do not have formal dam safety dam safety program yet.

3. USING OF CONDITION INDEX SYSTEM

Concept of Condition Index

Several methods of dam safety evaluation had been proposed such as Hazard Potential
Classification, Priority Rating Criteria, Condition Index System (USACE, 1995) and Risk Analysis etc.
The U.S, Army Corps of Engineers used condition index systems for roads, navigation locks, miter lock
gates, steel-sheet-pile structures etc. since 1976. The important aspects of this system are not only for

component was damaged, it will affect or cause the progressive damages to many other related
components. Those components who have more influences to others wil] be assigned more weight factor
in the score calculation. The dams are extremely complex civil engineering facilities, They are consisted
of several components or subcomponents and interaction between them, thus condition index system is the
excellent basic tool for dam safety evaluation,

_ The simple model for dam condition index system without component interaction is iven on
_Flgure 1. And more complex model staring with damage behaviors (objectives), relating compongems and
Interaction matrix is shown Figure 2.

Finally, the condition index scale (CI-Dam) is reflected an assessment of the curren hysical
state of components of a dam. This number indicates a given level of deterioration or loss of jts tl')u:crjoﬁ
as comparing to ideal condition. The Jjudgement scale developed by the USACE is composed of sey,
general levels in term of state of deterioration or loss of functionality. The reccommended et en
corresponding to each Cl-levels are also given as described on Table 5 oy
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Table 5. Condition index scale and zones.

85 to 100 Some aging or wear may be visible

Immediate action is not Tequired

1 I - =S
Good: only minor deterioration or defects
[ Zyits) are evident.

Fair: Some deterioration or defects are

Zone | Condition Index | Condition Description Recommended Action
Excellent: No noticeable defects.

I 55 to 69 evident, but function is not significantly F.conomic analysis of repair Alternat;
2 affected. is recommended A - atives
PR Marginal: _ Moderate deterioration. | appropriate action. etermine
Function is still adequate.
Poor: Serious deterioration in at least some
2510 39 portions of the structure. Function is ;
inadequate. Detailed ~evaluation s requireq 1,
Very Poor: Extensive deterioration. Barely determine  the need  for ;
10 to 24 4 rehabilitati repair,
functional. Hation or reconstruction. Safeqy
Failed: No longer functions. General evaluation Y
0to 9 failure of complete failure of a major | "ScOMmended.
structural component.

Model for RID’s Dams

The application of condition index system for dam evaluation in Thaj
advantages both simple and complex model to suit for the local practices. First, the 0

land combines the
verall dam condition

(Cl-dam) was devided into two abstract components, The status information and condition of d
am are

evaluated by Field Inspection as shown on Figure 3.
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The status i T
45 Histotyy of dam‘(’ifnt':ﬁlg":gg:aua; mdi.cates the degree of completion of the relevent documents such
operation and maintenarg o and design reports, dm_vmgs, completion report af_ter‘ construction, v,
offices. While the con AHtiodg ete. that should be approp.na.[ely presented at site, provincial or regional
inspected in the field. Tp are thtf- present state of existing dam comparing 1o lldeal' dam condition
- Ihe relative wej ght factors between the information and condition given on Table 6.

7

Table 6. Relative Weight Factors for Leye] |

: i F
Dam size | D2m height (h), meter and Reservoir : et
storage (v), MCM First 5 years | After 5 years
’ Information | Condition | Informati

5 < hand 005, < v<10 10 2
15 S h<30and 05 < v, 100

15 85
or10 < h<and 1.0 £ v <100

h>30and v > 10 20 80

Orh>20and v> 100

4. EVALUATION PROCESS

The dam safety evaluation was first applied for 32 dams in the eastern Part of Thailand (RID.
Regional Office No. 9), The evaluation procedures are as shown on Flgure 4. Staring wnp the compilation
of information during investigation-design and construction stages which was collected into the dalr! data
base. Then the dams were carefully inspected by the technical team, and field data were collected in the
data base. After the condition index scores were calculated then the implementation of result such as
routine maintenance, repair, rehabilitation or emergency preparedness are recom.rnend'ed.f'I'het:l‘l Roy:i
Irrigation Department is now using the evaluation data for maintenance budget preparation for the ne
fisical years.




5. RESULTS

The results from 32 dams evaluation as shown on Figure 5. indicated that the overal] conditiel'l.
indexes are mostly in 70 to 84 level. The average, maximum and minimun CI. are 78.27, 83.83 angd 69 33
respectively. According to Table 5, the dams generally are in good condition with only mh"lor
deterioration thus immediate action is not required. However the dam information indexes show rather
poor to fair from 35 to 65. This indication reflects the lack of necessary dam information that shoylq be
available in the field and provincial offices.

The overall Condition Indexes show the tendency to increase with the dam height and reservigr
volume as shown on Figure 6 a) and b). The larger dam generally has the higher standard for
investigation, design, construction and maintenance than the small ones.

During the service period the deterioration of several dam components is started and increased
with time as shown on Figure 6 c). Hopefully with proper maintenance program the rate of da
deterioration will be slowed down to the acceptable level. il
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Figure 7 Variation of CI on Level 2 Components.

The example of safety evaluation of Klong Rabom Dam, Chachoengsao Province before angd
after spillway rehabilitation is given on Figure 8 and 9. The dam is earthfil] dam of 18.50 meters high
reservoir capacity of 32.2 MCM. It shows the sign of spillway uplift movement on the last 2 years. Aﬁe;
the field inspection and damage assessment done then the rock anchors combined with proper under drain
were recommended. The rehabilitation was urgently carried out on time and finished just before the flood
that overtopped the spillway. Although the overall Cl-scores do not change much but the Cl-scores of

spillway is clearly reflected the improvement.

Improved Score = #0.99 | Initial Scors = 80.05




a) Existing spillway
b) Piping on spillway flood

¢) Providing underdrains and weep holes d) Improved spillway

Figure 9 Spillway Rehabilitation of Klong Rabom Dam

6. FUTURE PROGRAM

The dam safety evaluation program using condition index system is now completed with satisfactory
results for 32 dams of RID-Regional Office No. 9. In the future Royal Irrigation Department is going to
extend evaluation for other regional office such as RID-Regional Office No. 10. The benefit from this

ble RID. to make a long term maintenance plan and obtain the valuable information for future
rahical Information System for dam and reservoir operation are now
on water management. Some potential hazard dam will be

f dam instrument warning system.

to ',0@0 dams at the present, Although there are
Jut many dams are quite old relative to the

r1 n Department (RID) are the
in Thailand. Both organizations are

valuation for 32 dams in RID-
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This evaluation system give the condition index scale (CI) that converts an ?ssessmem of the curreny
physical state of dam components and also status of dam information available

The evaluation of 32 dams in castern

The low scores for dam information in

tern Thailand shows the overall condition indexes between 70 to 84,
dexes reflect the lack of necessary documents in the field and

provincial office. dexes show the relations with dam height, reservoir volume and service

The overall condition in

period.

The condition index sys:;, b
i rogram and budgeting. !

;nr:;?;:::t‘ziznsgrof the results from dam safety evaluation can be ranged from systematic
i ublic warning or emergency preparedness. : :

e A ade tion procedure can also be valuable informations for future

se obtained from the evalua
l.lt)sZng:[:l: :va:er resource planners, dam designers, O and M officers and budget officers.

m can combine to maintenance cost database for effectively management of
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