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INTRODUCTION
1. The necessity of the study

According to the statistics of Water Resources Directorate in 2014, the North
Central region of Vietnam (NC) has a large number of reservoirs with the
capacity of 1 + 3 million m* (29.6% of the total number) and of 0.2 + 1 million
m® (32.6%). Existing data show the deterioration of the quality of the NC
reservoirs, in which causes by special terrain conditions and extreme weather
patterns have increased drastically. Therefore, to improve the safety of small
reservoirs in the NC it is necessary to carry out research on the reservoir failure
threat induced by rain flooding both in terms of approach and methodology. The
study findings forms the basis for policy and decision making, and planning for
operation, maintenance, repair, management, and exploitation of reservoirs.

2. Study goals

- Parameterize the maximum 24-hour continuous rainfall distribution, possibly
causing reservoir failures. This also includes the determination of the most
influential factors of the rain-flow processes according to 24-hour rainfall
distribution, needed for the design of flood discharge works and proposal of
measures to improve the reservoir safety;

- Propose a methodology to classify the failure threat levels induced by
flooding for small reservoirs, applied in North Central region of Vietnam.

3. Subject and study scope

- Subject of study: small reservoirs of two classified capacity groups: 0.5 - 1
million m3 and 1 - 3 million m3. The headwork type is restricted to earth
dams and free spillways.

- Study area: the main focus is on provinces in the North Central region such
as Nghe An, Ha Tinh and Quang Tri, where exist a large number of small
reservoirs with high possibilities of failure incidents.

4, Study methodology
- Literature review;

- Data collection and site investigations;


http://tratu.soha.vn/dict/en_vn/Free

- Statistical analysis and probabilistic methods;

- Numerical hydrological rain-flow modelling system (HEC-HMS);
- Experts’ review.

5. New contribution of thesis

- Determined the maximum one-day and the maximum 24-hour rain
frequencies for the study region. Identified the importance of the maximum
24-hour rainfall in the design of flood discharge works. Built the
correlation between maximum one-day and maximum 24-hour rainfalls.

- Developed and proposed the methodology for classifying the reservoir
threat levels based on sound scientific arguments. The proposed indices
shows the reservoir threat levels related to the flood flow of small
reservoirs in North Central region.

6. Scientific and practical significance

The indices proposed in the present study for the classification of the reservoir
threat levels are physically meaningful as they reflect all the components of the
reservoir water balance equation. These indices are unique, first time ever
proposed for use in the assessment of reservoir failure threat.

The rainfall distribution characteristics determined in the present study (e.g.
maximum daily rainfall, 24-hour maximum rainfall, precipitation distribution in
heavy rains) are important for the computation of the reservoir hydrology and
the corresponding failure threat. This also suggests the need for a more in-depth
study on the characteristics of rainfall intensity distribution over various short
periods (e.g. 15, 30 and 45 minutes) of the 24-hour maximum rainfall in the
three provinces of the study area in particular and in other locations in Vietnam
in general.

CHAPTER1

LITERATURE REVIEW ON RESERVOIR FAILURE THREAT
WORLDWIDE AND IN VIETNAM

1.1. Reservoir failures worldwide and in Viet Nam
1.1.1 In the world



- The world has suffered a lot of failures and great damages of the reservoirs
with many different causes; the main one is often caused by heavy rain. It is
possible to look at reservoir disasters such as:

- Europe: Maupassant Dam collapses in France in 1959, killing more than 450
people. In Italy there was a failure of the Stava reservoir in 1985 that killed
268 people, Vajont dam in 1963 killed 1,910 people.

- Asia: In China, 3481 reservoir dams have been damaged for more than 50
years causing 30,000 deaths, the Banquia flood disaster in 1975made 171,000
dead. In India, the Machhu-2 disaster in 1979 swept away the industrial city of
Morvi with the death toll of about 15,000 people.

- America: In the United States from 1918 to 1958, 33 dams were destroyed,
made 1,680 people have died, and over the past two years (2009-2011) more
than 520 dam failures have occurred which cause 21 dams broken.

1.1.2 Vietnam

There existed numerous reservoir incidents in various parts of Vietnam.
Examples of major failure and damage incidents happened to the reservoirs
are:

- Northern areas: in Dien Bien, Quang Ninh, Tuyen Quang, ... after heavy
rainfall.

- In North Centre: in Thanh Hoa province Cua Dat failure in 2007, breaking of
Dong Dang, Khe Luong, Khe Tuan, Ong, Thung Coi and Cay Trau dams
(2013); In Nghe An the dams of Quan Hai, Do Tau (1978), Highland (2012),
Khe Tranh, Dong Sang (2013); In Ha Tinh, the dams of Z20, Khe Mo, Trung
dam were smashed (2010); In Quang Binh, Cay Tat Dam, Khe Cay dam
broken, the water overflow Ho Ho dam (2010); In Quang Tri, Dakrong 3 dam
breaks; Overflowing the dam of Mieu Ba reservoir (2012).

- Other areas: In addition to dams failure and dam breaking occuring in many
reservoirs such as Khanh Hoa (Suoi Hanh, Am Cha, Suoi Trau), Dak Lak (Buon
Bong) and Ninh Thuan (Phuoc Trung). ..

1.2. Literature review on reservoir failures caused by rain and flooding



1.2.1 In the world

- Regarding tools for the reservoir safety assessment: in UK (2004) published a
mid-term guidance for assessment and quantity of reservoir vulnerability in the
UK to provide a tool for reservoir safety management - this is the basis for AK
Hughes, D.S. Bowles, M. Morris (2009) provides a risk management guide for
dams and Mark Morris et al (2012) develops new guidelines for risk assessment
of dams. The Department of Natural Resources Protection - US Ministry of
Agriculture (NRCS) has used a number of assessment items to determine the
severity of the reservoir failure, including methods and criteria for classification
and characterization of large rainfall distribution. And feature heavy rain
distribution. The NRCS published a document on spillway damage due to the
inflow flood time period to the reservoir exceeds at least 6 hours of the design
requirements of extreme maximum rainfall or 24-hour maximum continuous
rain or by the use of multi-period rain. The Guadalupe-Blanco River Authority
(2011) analyzes the reservoir failures and identifies 13 causes, including
prolonged rain and floods, which are considered to be the main causes of dam
failures.

- Regarding the characteristics of distribution of rainfall: David M. Hershfield
(1961) analyzed the frequency and relationship between rainfall quantities
(hourly, several hours, days, several days) at different frequencies for the
territory of the United States. Demetris Koutsoyiannis (1998) developed a
simple Generalized Extreme Value (GEV) method that modifies the Hershfield
simple probability method to determine the probable maximum rainfall (PMP)
The definition is that "maximum rainwater is theoretically likely to occur on a
defined territorial area for a given period of time." J.C. Smithers and R. E.
Schulze (2002) have identified a correlation between rainfall distribution on a
single day, a few days, 24hour maximum continuous rainfall and a few hours of
rain analyzed for South Africa.

1.2.2 In Vietnam

In Vu Dinh Hung (2007) it is concluded that dam breaks can be caused by:
spillway failures accounting for 25.39%, excluding cases of under-capacity
spillways leading to dam failures by an excess rise up of the reservoir level.



Pham Ngoc Quy et al. (2005) have established a calculation technology for
warning and forecasting exceeded design floods in small- and medium-sized
reservoirs. The research results of Pham Ngoc Quy (2008) have contributed to
propose the criteria for constructing emergency (fuse) spillways for reservoirs
with high failure threat level. Pham Ngoc Quy et al. (2013-2015) in the
research topic entitled "Research on the impacts of climate change on dam
reservoir safety work and proposed dam safety criteria" and Pham Ngoc Quy
et al. (2016) has developed a "Criteria set and Methods for Safety Assessment
of Dams from volume of 200,000 m3 to 10 million m3". From the factors
affecting the safety of the reservoir, the authors have developed 05 safety
assessment procedures according to the following criteria: flood, geology-
seismicity, permeability, structure - stability, operation and management.
Synthetic analyses were then carried out to propose the three levels of safety
of reservoirs: (1) High-safety reservoir or low threat of dam breaking (2)
Average reservoir safety or medium threat of dam breaking (3) un-safety or
high threat of dam breaking. In the proposed procedures, there exist a set of
criteria for flooding associated with the procedure for reservoir safety
assessment comprised out of 12 steps.

1.3. Conclusion of Chapter 1

Studies on dam failures and rain flooding induced reservoir failures in the
world and in Vietnam have identified the causes of dam failures, in which
prolonged rain and flood flows are the main cause of dam failures. There have
been no research in the direction of classifying the reservoir failure threat in
terms of rain flooding as proposed in thesis. The author analyzes and evaluates
the characteristics and status of small reservoirs in Vietnam as well as in-depth
studies on the characteristics of heavy rainfall distribution and the effects of
large floods on the safety of reservoirs in the North Centre area. Therefore, the
present study develops a method for classifying the failure threat of small
reservoirs. The failure threat of a reservoir can be classified into 05 levels
according to its threat indices. The approach has been applied and validated
against the actual conditions of reservoirs in the study area.

The following diagram shows steps to classify the reservoir failure threat by



flooding and assessment of the reservoir flooding resistance of small
reservoirs in the study area.
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CHAPTER 2

CHARACTERISTICS OF RAINFALL DISTRIBUTION AND
DEVELOPMENT OF METHODOLOGY FOR CLASSIFICATION OF
FAILURE THREAT BY RAIN FLOODING OF SMALL RESERVOIRS
IN STUDY REGION

In this chapter, the author carried out the study on the characteristics of
rainfall distribution and developed a methodology for classification of
reservoir failure threat of small reservoirs in several provinces in the study region.

2.1. Characteristics of rainfall causing flood in the study area

From the statistics from 1960 up to now, three types of weather conditions
mainly cause torrential rains, leading to severe flooding are: storms or storms
combined with cold front; cold front combined with other weather patterns;
tropical convergence combined with cold front or other weather patterns.

2.1.1. Characteristics of rain in the major floods in Nghe An

The results of statistical analysis of rainfall characteristics over time of large



floods in the Ca river basin (Nghe An) from 1978 to 2012 show that floods in
the catchment occur over 3 days (the depth of rainfall within 3 days of about
300mm or more).

2.1.2. Characteristics of rain in the major floods in Ha Tinh

The statistical summary of rainfall characteristics over time of the major
floods in the Huong Khe river basin of Huong Khe district shows that floods
occur for more than 3 days with rain volume is usually from 562mm (in 2002)
to 805mm (2007 and 2010) and the period of time up to 9 days.

2.1.3. Characteristics of rain in the major floods in Quang Tri

The results of statistical analysis of rainfall characteristics over time of large
floods on the Thach Han River in Hai Lang District showed that if heavy rain
from over 340mm concentrated in time period of 30hours and from over
420mm concentrated in time 48hours then floods will occur in the area.

2.2. Catchment factors affecting the formation of flood flows

Important factors influencing the formation of flood flows are (see Geoffrey S.
Dendy, 1987): the arrival time of flows, the gathering time and the time lag of
surface runoff, shape and size of the watershed, topographic characteristics,
storage capacity in aquifers/deposits, initial soil moisture at the time of
rainfall, time-varying rainfall distribution and rainfall intensity.

2.3. Role of time-varying rainfall distribution in reservoir failure threat

With the objective and subject of the thesis, the most direct tool is the rain-
surface flow model. Seven of the eight inputs have been explored in Section
2.2, while quantitative time variables quantitatively determine the formation
of flow of rivers, streams and reservoirs are rainfall volume and rainfall
process (rain distribution). In the hydrological flow of water, hydraulic work
or the design of construction of irrigation reservoirs, heavy rain distribution
plays an important role in the design work.

2.4. Frequency curves of one-day maximum and of 24-hour maximum
rainfalls

In the construction of the frequency curve of one-day maximum rainfall (also



known as day and night rainfall), rainfall is calculated from 07AM of the
previous day until 07 AM of the next day. The rainfalls corresponding to these
frequencies are used for the design works of reservoirs. However, in reality
the 24-hour maximum continuous rainfall is far different from one-day
rainfall, and also in theory the probability that these two quantities are equal is
extremely small. The 23-year rainfall data (from 1990 to 2012) of one-day
maximum rainfall and 24-hour maximum continuous rainfall in the three
considered provinces were analyzed and used for the construction of the
theoretical and empirical frequency curves according to the methods of
Pearson 111, Gumbel and Kristy-Menkel. The result shows good agreement
with high regression coefficients.

2.5. One-day maximum rainfall and 24-hour maximum rainfall

The result of one-day rainfall according to 22TCN 220-1995: for Nghi Loc, it
is higher than one-day rainfall and lower than 24-hour maximum continuous
rainfall. For Huong Khe, it is less than one day rainfall and 24-hour rainfall;
For Dong Ha, it is higher than one day rainfall and 24-hour continuous rainfall
as analyzed in this study. The 24-hour maximum continuous rainfall in Nghi
Loc and Dong Ha districts is greater than maximum one-day rainfall (with
small difference in Huong Khe), and with P = 1% the difference is from
36.19% to 50.55% and with P = 0.5% the difference is from 34.52% to
53.44%. Correlation analysis between 24-hour maximum crainfall and one-
day maximum rainfall was conducted with the data from 1990 to 2012 for the
three study locations. The results are as follows:

- For Nghi Loc-Nghé An: w,, 1850w, 154,65 (2.1)
- For Huong Khé — Ha Tinh: W, =126, 71 %00 PWhcay (22)
= FOI’ Déng Hé. = Quéll’lg Trl W24h :l'3lovvngay _32’ 69 (23)

The above relations indicate that if there exist reliable data on the one-day
rainfall, it is possible to reliably estimate 24-hour maximum continuous
rainfall, and vice versa. These rainfall data are needed for setting up the
hydrological model.



2.6. Characteristics of 24-hour maximum rainfall of study area

To study the regulation of 24-hour continuous rainfall distribution in a year, we
shrink a 24h continuous rainfall graph to the form of 1-hour rainfall graph
normalized by W, (the volume ratio of one-hour rainfall to 24h rainfall) and the
cumulated normalized 1-hour rainfall. The striking feature of the standard
rainfall distributions for all three studied areas is the symmetry of the curves
through the central point (12h, 0.5); it means the standard rainfall distribution is
a straight line. (Every hour the standard rainfall is 1/24) . The red lines in Figure
2-15 is the dividing line of these two symmetric curve groups. In Figure 2-15,
the three standard deviation distributions are: Average and the plus and minus of
the standard deviation value of the three shape parameters (o)), midpoint (&) and
variance (o) (respectively black curve, thick black dash line and thin black dash
line ). Large rains with small frequency are of interest. Therefore, the daily
rainfall data of 24hour continuous one of 20% frequency or less is used for
analysis.
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Figure 2-15. Normalized cumulative 24-hour maximum rainfall - Vinh Meteorological
station 1991-2012

For small reservoirs with small catchment area one should split the rainfall into
intervals of every hour during the total 24-hour rainfall.

2.7. Role of rainfall distribution in the reservoir flood resistance of small
reservoirs in the North Centre area
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2.7.1. Characteristics of rainfall distribution in study region

24 hour maximum continuous rainfall distribution plays an important role in
the formation of flood flows, a major contributing component of extreme
flooding threatening the reservoir safety. Geoffrey S. Dendy (1987) conducted
a study on the distribution of 24hour maximum continuous rainfall and the
determinants of peak flood flow for Southwest Florida (USA). The analysis of
heavy rains from 18-26 hours with total rainfall > 76.2 mm gives the results
show that the distribution of rainfall has peak lying in the middle of the
rainfall period, and converting the distribution of 24hour maximum
continuous rainfall into standardized models for applied research in the area.
With 03 research areas in the dissertation, data are processed and analyzed as
long series of hydro-meteorological data, from 1959-2012 (monthly data) and
from 1990-2012 (the months having daily rainfall and hourly rainfall of the
heavy rain in the years).

2.7.2. Scientific basis of maximum rainfall distribution

The shape of the rain distribution curve of heavy rainfall plays an important
role in the formation of large flood flows. The data shows that the rainfall over
time, usually from small magnitude - increasing to the maximum-decreasing
to small values, should be very close to the density function curve. The
distribution of rainfall over time is similar to the random data, so the
distribution is characterized in one of three forms as follows: 1) Standard
distribution; 2) deviation distribution to the left (late rain); 3) Standard
deviation to the right (early rain)

2.7.3. Determination of non-normal distribution of 24-hour maximum
rainfall

Results from deviation analysis of normalized 24hour rainfall of the period
1991-2012 of Vinh - Nghe An province has shown that the year 1991 can be
taken as the maximum rainfall year. The values of shape parameters (o),
midpoint (§) and variance (o) for each 24hour continuous rain in the year are
determined by the gradually trial tets method until the R2 correlation coefficient
is reached the maximum. Typical features of Max, Min, Average, and standard
deviation (o) of these three parameters were determined by mathematical
statistical probability.
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The rainfall deviation distribution factor determines the shape of the incoming
flood: the shape parameters(at): deviation to the right (positive value) shows the
initial intensity of rainfall increases rapidly over time, ie. large floods formed
early, and vice versa. The central value (§): represents the center of rainfall at
the time of value & Variance (w): represents the rate of increase in rainfall
intensity, the smaller the value, the faster the rainfall increases, reaching the
maximum at time &, and vice versa.
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Figure 2-22. Rainfall with 1hour period Figure 2-23. Rainfall with 1hour

normalized 24hour maximum period normalized accumulatively
continuous rain 24hour maximum continuous rain

The variance value (®) of the standard deviation of the rainfall distribution is
most important role for the maximum flood flow, and if combined with the
shape parameter (o) will determine the peak of the 24 hour maximum
continuous rain coming soon or late. Therefore, the case studies specific to the
standard deviation of rainfall distribution should be selected as: shape
parameters (o) and central value (§) are mean values. The value of variance
() varies from the smallest value to a mean value with the change of 0.5
times the standard deviation (o). The flow pattern formation is characterized
by four standard deviation of rainfall distributions over hour which is
characterized by the variance ® mean = 2.66; Qmean-0.56 = 2.11; Quean-6 =
1.56; 0.5 (o ++ omean-c) = 1.13 and @i, = 0.7 with shape parameters (o) and
center value (&) will be determined by the HEC-HMS rainfall-flow model .The
same calculation for Huong Khe and Dong Ha.

+ Comments on the distribution of rainfall intensity in one hour of 24-hour
maximum continuous rain of area study:

- For Vinh-Nghe An: Maximum rainfall intensity falls at the instance of 10" +



12

11" of the 24-hour of maximum rain. Intensity of rainfall of 1hour has a very
big variation, some cases having one-hour rain reached about 45% of total 24-
hour continuous rainfall, on average it takes 7.5%. In cases where the value of
variance () of one-hour rainfall is greater than the average, the total amount
of rainfall in 24 hours is less than 95% of the total rainfall of the whole period
and the maximum variance value of 24 hour rainfall is about 70%. Therefore,
with this area only use the distribution of rainfall intensity of one hour of 24-
hour maximum continuous rainfall which has a standard deviation of less than
or equal to the average value in the analysis and evaluation of the study.

+ For Huong Khe-Ha Tinh: Maximum rainfall intensity falls at the instance of
11™ + 12" of the 24-hour of maximum rain. One hour intensity of rainfall has
the variance not as great as in Vinh-Nghe An; One-hour rain takes up from 4%
to 20% of total 24 hour rainfall, average is 12%.In cases which the variance
value (o) of one-hour rainfall is greater than the average value plus 0.5 times
the standard deviation, then the total amount of rainfall in 24 hours is less than
95% of the maximum total 24h rainfall of the whole period, and with the
maximum variance value, the total 24hour rainfall only reaches about 72%.
Therefore, with this area only uses the rainfall intensity distribution of one
hour of 24-hour maximum continuous rainfall which has a standard deviation
lower or equal the average value plus 0.5 times standard deviation in the
analysis of the research evaluation.

+ For Dong Ha-Quang Tri: Maximum rainfall intensity falls at the instance of
10 + 11 hours of the 24-hour of maximum rain. Intensity of one-hour rainfall
has the variance less than in Vinh (Nghe An), one-hour rain takes up from 3%
to 14% of total 24-hour rainfall, on average it is about 8%. In case the value of
variance (®) of one hour rainfall intensity is equal to or greater than the average
value, then the total amount of rainfall in 24 hours is less than 95% of total
rainfall of the whole period, and the total variance of rainfall of 24-hour
continuous rainfall is only 77%. Therefore, for this area only the one-hour
rainfall intensity distribution of 24-hour maximum continuous rainfall with the
standard deviation less than the average value is used for the study.

-About rainfall distribution shorter than 24-hour maximum continuous
rainfall:

+ Short-period rainfall distribution in heavy rains plays an important role in
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the analysis and modelling of the rainfall-surface runoff to determine the flood
flow intensity.

+ For dams and reservoirs, the flowing time in some cases is less important
than the intensity of the flood flow to the reservoir. Therefore, determination
of the intensity of rainfall in a period shorter than one hour is of great
significance in the design calculation and assessment of the flood discharge
capacity of reservoirs. However, the (measured) rainfall data are available for
the period of one hour as the shortest only. Thus, the one-hour maximum
rainfall data are taken for the analysis in the study.

- The intensity and frequency of one-hour maximum rainfall in the period of
1990-2012 are determined from one-hour rainfall data. It is noted that most of
the one-hour maximum rainfalls fall within the time of 24-hour rain: in the
period of 1992-2012 there are 13 points for Vinh, 18 points for Huong Khe
and 19 points for Dong Ha. The frequencies of the one-hour maximum rainfall
of the above three considered locations, determined according to the method
of theoretical frequency curve, give the least deviation from the empirical
distribution ones.

2.8. Methodology for classifying the failure threat induced by rain
flooding of small reservoirs in the North Central region

To develop the methodology, we can start with the following equation of Van
Te Chow [47]:
S - (2.23)
m I(t)-O(t)
in which S is the retention volume, t is the time, | is the inflow discharge to
reservoir, O is the outflow discharge from reservoir. In the case of flooding,
the total volume of the reservoir (W) is divided into two components: flood
retention volume (W1) and flood discharging volume (W2); Using W for the
notation S in Equation (2.23) we have the equation:

W _dW, AW, o (2.24)

dt dt dt

in which W1 is the flood retention volume, W2 is the flood discharging
volume (W = W1 + W2), O is the outflow flood discharge capacity of the
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spillway and I is the inflow flood from catchment area:

Considering all factors related to the components in the water balance
equation (2.24), the following three indices describing the reservoir
characteristics are proposed :

1)The ratio of reservoir volume (V) to the catchment area (Fy,): Ky = V/F,
(m*m’= m). This index implies the storage capacity of the reservoir with
respect to the incoming flood flow from upstream.

2) The ratio of the reservoir surface area (S) to the catchment area (Fy,): Ks =
S/F, (m*m?). This describes an increase in the reservoir water level (the
inflow water from one unit of the catchment area which are stored in Ks unit
area of the reservoir surface).

3)The ratio of the flood flow discharge (Q) from the catchment to the width of
the spillway (B) within a flood period (e.g. one hour): Ko = Q/B (m*/h/m).The
larger the index the greater the risk of reservoir failures becomes, and vice
versa (assuming that the discharging capacity per 1 m width of spillways is the
same for every reservoirs, viz. broad-crested and overflow spillways).

The indices related to the above mentioned reservoirs are quantitative, and
each of the reservoir has its own values.

Based on the selection of classifying failure threat, the author has argued to
classify Ky into 5 levels. According to the water balance calculation in the
design phase of the reservoirs and on the safe side, (Ky), for Nghe An is of
about 0.80. Therefore, when classifying the reservoir failure threat into 05
levels according to Ky, the maximum index value is 0.80 and the increment is
equal to the standard deviation of 0.20.

Similar to the Ky index, the Ks index represents the role of rainwater detention
on the catchment before it is discharged downstream. It also demonstrates the
flood control capability of the reservoir with regard to the rainfall on the
upstream catchment associated with the rise in the reservoir water level.
Division of the value groups should account for the amount of the inflow
water volume. These arguments forms the basis for the classification of
reservoir failure threat according to the Ks index.

Let consider a step-wise overflow heads Hy, = 1,25; 2,0; 2,5; 4,0 m over a unit
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width of spillway (B) of 1m, the unit overflow rates calculated according to
the discharge formulation for overflow, broad-crested spillways are 1,98; 4,01;
5.6; 11,34, respectively . This is the basis for classifying the reservoir failure
threat according to K.

Reservoir failure threat levels Ky Ks Ko

- Low level of failure threat >0,8 >0,08 <2,0

- Medium level of failure threat 0,6+0,8 0,06+0,08  2,0+4,0
- Relatively high level of failure threat 0.4+0,6 0,04+0,06  4,0+6,0
- High level of failure threat 0,2+0,4 0,02+0,04  6,0+12,0
- Extremely high level of failure threat <0.2 <0,02 >12

2.9. Conclusions of Chapter 2

The rainfall distribution over time and the rain intensity are most important
factors amongst those of the catchment, which influence the formation of
flood flows. This becomes more clear when one evaluates the effect of the
time-varying rainfall distribution on the reservoir failure threat.

The characteristics of rain causing flood, the frequency of maximum one-day
rainfall and of the 24-hour continuous rainfall, the characteristics of the 24-
hour maximum rainfall of the study area have been determined. Also, the
correlation between 24-hour maximum continuous rainfall and daily rainfall
has been established for the determination of the 24-hour maximum
continuous rain used in the calculations and flood models, etc. The annual
distribution of 24-hour maximum continuous rainfall are found to be non-
normal with a strong correlation of the cumulative rainfall curves (R* > 0.9);
The inflow hydrograph to the reservoir strongly depends on the distribution of
24- hour maximum rainfall, particularly left-aligned: Nghe An, Quang Tri
(peak flood at hour 10th + 11th), slightly left-aligned: Ha Tinh (peak at 11th +
12th). The author has proposed the methodology and applied to classify the
failure threat for small and medium size reservoirs in the North Central region
using the indices Kv, Ks, Kq. The classified reservoir failure threat are based
on sound scientific basis and are in conformity with the actual local
conditions.
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CHAPTER 3

CLASSIFICATION OF RESERVOIR FAILURE THREAT INDUCED BY
RAIN FLOODING, AND DETERMINATION OF RESERVOIR
FLOODING RESISTANCE AND FLOOD DISCHARGING CAPACITY

3.1. Classification of failure threat by flooding for small reservoirs in
Nghe An province

Classification of reservoir failure threat is conducted for each group of
reservoirs with capacity (1 + 3 million m3) and (0.5 + 1 million m3) as shown
in Table 3.1.

Table 3- 1. Number of reservoirs (1-3x10° m®) associated with Ky and Ksg

Ky

Number of 0,2 [0,2+0,4|0,4+0,6/0,6+0,8 [>0,8

reservoirs
Ks 7 17 11 4 0
<0,02 10 7 3
0,02+0,4 17 12 5
0,04+0,06 6 1 4 1
0,06+0,08 6 1 2 3
>0,08 0 0

Assessment of the results of classification the failure threat and the actual
reservoir failures occurred in Nghe An province.

Table 3-5. Ky, Ks and Kq values of failed reservoirs

Reservoir }36 K K K Reservoir \Y K K K
name Eng,) v S Q Name |(10°m’)| Y S Q
Khe Lim 0,42 0,093 0,014 6,381Ba Tung 5,46/ 0,437 0,036 23,634
Tay Nguyen 1,200 0,174 0,017 -Ve Vung 16,8 0,452 0,052 -
Ban Muong 0,51 0,204/ 0,023 3,120Nha Tro 5,24 0,540 0,042 7,565
Nghi Cong 2,400 0,207 0,021f 3,619Thach Tien 2,14 0,578 0,039 5,771
Quan Hai 4,60 0,245 0,016/ 19,25Da Ban 1,05 0,618 0,062 5,304
Ke Sac 2,98 0,284 0,030 10,23Cua Og 2,08 0,621 0,067 3,266
Tien Son 3 0,52 0,347 0,046 2,340Dong Den 1,11] 0,657 0,047, 0,976
Don Hung 3,90 0,357 0,027 8,119Trang Den 3,82 0,849 0,107| 5,014
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Table 3-6. Location of failed reservoirs in the matrix of Ky and Kg

Ky
<0,2 0,20,4 0,4+0,6 0,6+0,8 >0,8
Khe Lim, .
<0,02 Tay Nguyen Quan Hai Trang Den
N Nghi Cong | Ba Tung
0,02+0,04 Ban Muong | Thach Tien
Ks . Nha Tro
0,04+0,06 Tien Son 3 Ve Vung Dong Den
. Da Ban
0,06+0,08 Cua Ong
>0,08
Table 3-7. Location of failed reservoirs in the matrix of Kg and Kg
Ks
<0,02 0,02+0,04 0,04+0,06 |0,06+0,08 |>0,08
Tay Nguyen -
>12 (no Ko) Quan Hai Ba Tung
6+12 | Khe Lim Don Hung NhaTro
Ke Sac
Ko |6+4 Thach Tien j i Da Ban Trang Den
(no Ko)
. Ban Muong,| .
2+4 Nghi Cong Tien Son 3 | Cua Ong
<2 Dong Den

As can be seen from the results, 75% of the reservoirs with failures occurred
have Ky < 0,6 and Ks < 0,06 (group with relatively high threat level, from
high to very high levels according to Ky or Ks); 69% of the reservoirs with
failures occurred belong to the group of relatively high threat, high to very
high threat according to K. However, only one of these three indices has a
small value, failures already happened (as shown in Table 3-5).

Each individual index Ky or Ks or Kq represents its own degree of failure
threat to reservoirs.

Note that the Ky and Ks indices for the two capacity groups of reservoirs are
linearly correlated. The correlation between these two indices of (1-3 million
m?) reservoirs is lower than that of (0.5-1 million m®) reservoirs.



3.2. Results of classification of failure threat for small reservoirs in Ha

Tinh and Quang Tri provinces

3.2.1. Ha Tinh

province:
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Following the same calculation procedure as was done for Nghe An,
results are as follows:
Table 3-8. Classification of failure threat according to Ky, Ks and Kq

Groups | Threat levels Ky Ks Ko
5 Very high <0,2 <0,02 >12
4 High 0,2+0,4 0,02+0,04 | 6+12
3 Relatively high 0,4+0,63 0,04+0,06 | 4+6
2 Medium 0,63+0,86 0,06+0,08 | 2+4
1 Low >0,86 >0,08 <2
Table 3-9. Number of reservoirs (1-3x10° m®) associated with Ky and Ks
Total number of reservoirs : Ky
44 <0,2|0,2-0,4|0,4-0,63 | 0,63-0,86 | >0,86
Ks Number in groups| 4 8 13 4 13
<0,02 6 4 2
0,02-0,04 2 1 1
0,04-0,06 5 1 3 1
0,06-0,08 5 1 1 1 2
> 0,08 24 3 8 2 11

Note: numbers in red are associated with the groups of relatively high, high, and very

high threat levels
3.2.2.Quang T

ri province

Similarly, the following results are obtained for Quang Tri:
Table 3-13. Classification of failure threat according to Ky, Ks and Kq

Groups | Threat level Ky Ks=Whp-10,/AH Ko
5 Very high <0,2 <0,017 >12
4 High 0,2+0,4 0,017+0,034 6+12
3 Relatively high | 0,4+0,6 0,034+0,051 4+6
2 Medium 0,60+0,76 | 0,051+0,068 2+4
1 Low >0,76 >0,068 <2

Table 3-14: Number of reservoirs (1-3x10° m°) associated with Ky and K

Ky

Number of reservoirs: 24 (n/c) 02102:04 10206 0.6-076 Fo.76
Ks Number in groups 4 4 4 1 11

< 0,017 2 2

0,017+0,034 4 2 2
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0,034+0,051 5 2 3
0,051+0,068 1 1
> 0,068 12 1 11

3.3. Model application to evaluate the influence of 24-hour rainfall
distribution on the incident flood flow and the reservoir flood discharging
requirement

3.3.1. HEC-HMS model

HEC-HMS is one of the US rain-flow modelling software designed to
quantitatively quantify the entire process of surface runoff formation from
raining process.

Input parameters are rainfall intensity, property of vegetation and rock-soil,
slope, topographic distribution, and surface flow resistance before arriving at
the point of water concentration into rivers, streams and reservoirs. ..

3.3.2. Characteristics of 24-hour continuous rainfall distribution and one-
hour rainfall distribution

HEC-HMS was used to simulate the incoming flow process to the reservoir in
order to determine the direct characteristics related to the flood process.
Reservoir volume, reservoir surface area, water level, inflow and outflow to
the reservoir.

Selection of frequency of 24-hour maximum continuous rainfall:

- Assessments of the flood storage capacity and the demand of flood
discharging have similar requirements as those for the inspection work, so the
checked frequency shall be the same as that of flooding.

- Considering the reservoir capacity of 1 - 3 million m3 and the dam height of
10 + 15m, most of the considered reservoirs are in grade 1V, which have the
design frequency Py=1,5% and the checked frequency P=0,5%. Therefore,
we use P=0,5% to evaluate the demand of flood discharging. We assume that
one-hour maximum rain lies within 24-hour maximum continuous rainfall and
has the same checked frequency of P,=0,5%. According to Section 2.7.3, for
the one-hour maximum rainfall and 24-hour maximum continuous rainfall,
(the frequency is P=0,5%), the rainfall for Vinh, Huong Khe and Dong ha are
124, 5mm and 595mm; 124,7mm and 637,6mm; 111,7mm and 719,2mm,
respectively. The rainfall distribution of every hour in 24 hours shall be
calculated according to the non-normal rainfall distribution, one-hour
maximum rainfall and total rain in 24 hours is 24-hour maximum continuous
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rainfall, respectively. With rainfall data at the Vinh-Nghe An hydrological
meteorological station, the distribution of the standard deviation with the
variance ®=2,28is equal to the average variance wtg Minus the standard
deviation 6=3,19 of variance (w7s-0=5,47-3,19=2,28).

3.3.3. Model application to evaluate the influence of 24-hour rainfall
distribution on the incoming flood flow and flood discharging requirement
of Khe Nu reservoir

HEC-HMS model is applied for Khe Nu reservoir (Nghe An), in which the
reservoir catchment is divided into 10 sub-catchments. The input parameters
include the CN index and the percentage of impermeable ground surface area.
There exist largely substances of Feralit soil. Groundwater is rather poor.
From the above factors, the soil group for calculating the CN of this area
belongs to group D with the following CN index: NN soil>85; Forest land:
>77, Plain land with coverage >75%: >80; The CN value is determined in the

field according to the actual vegetation status.
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Figure 3-21. Scheme of sub-catchment Figure 3-22. Scheme of HEC-HMS

The risk of heavy rain affecting the reservoir safety should be assessed during
the rainy season when the reservoir have already stored much water (at high
water level) whilst the water demand is very low, even zero. In the assessment
of Khe Nu reservoir, at the instance of heavy rainfall occurrence the reservoir
water level was taken at the spillway crest level.

24-hour continuous rainfall model with various standard deviations of non-
normal rainfall distribution P = 0.5%

Section 3.3.3 describes the modelling for the case of actual 24-hour maximum
continuous rainfall in 2010 with frequency P = 0.5% for 6 cases of non-normal
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heavy rainfall distribution. The incoming flood hydrograph to the reservoir,
whose total 24-hour rainfall was kept unchanged and equals to 595mm, is also
determined.

The results show that the reservoir's water level rose from 17.5 meters (at the
spillway crest) to 17.6 meters on 17th, and quickly dropped to 17.5 meters.
Water flow rate to the reservoir and discharge through the spillway is small.
With the characteristics of the rainfall deviation distribution used in the rain-
flow model, the results give deviation values ranging from average to average
minus the value of variance of the standard deviation coefficient, the flow rate
to the reservoir corresponding to the frequency of 24hour maximum
continuous rainfall is not greater than the flood discharge capacity of the
spillway. However, with the smallest standard deviation, the flow rate to the
reservoir is very large, to about 5.5 times greater than the one in the case of
average standard deviation minus the variance and at the same time greater
than the flood discharge capacity of the spillway and the water level reach at +
19,18m, which is higher than exceeded flood water level 0,08m.
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Figure 3-29. Inflow and outflow Figure 3-30. Relation of Q. 0f the inflow
hydrographs and deviation of non-normal rainfall

distribution

This result demonstrates the need of the 24-hour maximum continuous rain
distribution in the reservoir design procedure, especially for large structures.
Khe Nu reservoir with the standard deviation ranging from average to the
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smallest values. The time lag of the flood peak (inflow to the reservoir)
compared to the rainfall peak varies from 0.63 hours (37minutes) to 2.25
hours (135minutes). It is noticeable that the standard deviation from ©TB-c =
0.5 (omin + ®TB-0) to omin has a time lag of approximately 135 minutes.

3.4. Proposal for improving the safety of small reservoirs in the North Central

3.4.1. Determination of the reservoir flooding resistance and requirement of
flood discharging to improve the reservoir safety

The one-hour maximum rainfall and 24-hour maximum rainfall associated
with Pkt = 0.5% for Vinh, 124.5mm and 595mm, respectively, are the input
for the numerical model. Simulations were carried out with 05 scenarios of
varying sub-catchment areas in steps of 50%, 75%, 100%, 125%, 150% and
200%, while keeping the technical specifications of Khe Nu reservoir. The
maximum inflow discharge, the maximum outflow discharge, and the
maximum water level are best correlated with the catchment area following a
power law (correlation R? =~ 0,999). Under the present situation, a catchment of
around 86% of the actual catchment area is already sufficient to make the
reservoir water level approach the reservoir flood storage (maximum) level.
This means the discharge capacity of the spillway must be extended. As the
catchment area varies, the corresponding indices values and the failure threat

levels are shown in Table 3.26:
Table 3-26: Variation of reservoir indices and failure threat levels as a function of the
basin area (Khe Nu reservoir)

No % |Basin area K Threat levels K Threat levels K Threat levels
“larea| (km?) v by Ky S by Ksg Q by Ko
1 50 14,6891  [0,558 Ei‘;'ﬁ“"e'y 0,080 Merylow [3,231 [TB
2 75 [7.0336 0,372 High 0,053 [elatively |y g, Relatively
high high
3 186 [8.0952 0,324 High 0,046 [Reltively g oeq  [Relatively
high high
4 100 9,3781 0,279 |High 0,039 High 6,461 |High
5 [125 11,7226 0,223 |High 0,032 [High 8,076 |High
6 [150 [14,0672 0,186 Meryhigh (0,027 |[High 0,602 |High
7 (75 (16,4117 0,159 Mery high (0,023 [High 11,307 High
8 P00 [18,7562 0,140 Meryhigh 0,020 |High 12,922 |Very high
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3.4.2. Proposed steps to classify the reservoir failure threat in the North
Central Region

The following steps are proposed for the classification of failure threat levels
of reservoirs in the study region:

Step 1: Data acquisition, analysis, determination of rainfall distribution and
maximum spatial one-hour rainfall intensity;

Step 2: Data collection on the reservoir characteristics, data processing and
analysis;

Step 3: Determination of the indices Ky, Ks, Kq and their statistical
properties;

Step 4: Determination of the failure threat levels according to the indices,
correlation analysis and evaluation;

Step 5: Select constructions for detailed evaluation with models;

Step 6: Identification of rainfall distributions as the input for numerical
modelling;

Step 7: Determination of the parameters of the non-normal rainfall
distribution and the time-varying rainfall intensity;

Step 8: Model application to determine the inflow flood hydrograph to the
reservoir. Flood routing to determine the overflow discharge through the
spillway. Assessment of the reservoir failure threat.

3.5. Conclusions of Chapter 3

The study classified the failure threat levels induced by rain flooding for
several reservoirs in the North Central region according to the reservoir
indices. The results are in good agreement with the actual failure incidents
occurred to the considered reservoirs in the study area. The flood hydrograph
to reservoir in variation with the maximum 24-hour rainfall distribution was
also determined.

Large discrepancies were found between the reservoir basin characteristics
and the upstream catchment area of small reservoirs in Nghe An province.
This is because the indices Ky, Ks and Kgq, determined with the actual
reservoir parameters, vary in a large range. However, although the upstream
catchment area of Khe Nu reservoir varies dramatically (by approx. £ 100%
compared to the actual value), the reservoir failure threat level appears not to



24

change considerably, i.e. only one level at most. Developed a model for
determining the reservoir resistance against flooding and the flood discharging
requirement to improve the reservoir safety. Proposed steps to classify the
reservoir failure threat in the North Central Region.

CONCLUSIONS & RECOMMENDATIONS
l. The results of thesis

1) A literature review on the reservoir failure threat in Vietnam and worldwide
has been carried out, setting the goals, requirements and research approach for
the present study.

2) The study has proposed a methodology for classifying the failure threat
levels of small reservoirs in the North Central Region, based on sound
scientific background and is appropriate to the actual local conditions.

3) The theoretical rainfall frequency curves of rain events with various time
periods have been constructed according to the most appropriate approaches.
The correlation between 24-hour precipitation and daily precipitation has been
established. The 24-hour rainfall distribution has also been determined for use
in the flood modelling. Parameters of the non-normal rainfall distribution in
the study region are the important input data for forecasting the incident flood
flow and determining the flood resistance of the reservoirs. Numerical model
study has been carried out to evaluate the flood resistance of the reservoirs and
the flood discharging requirement of small reservoirs in the North Central
region, particularly applied for Khe Nu reservoir of Nghe An province.

1. Recommendations

Further studies are recommended in order to apply the study results to practice
as well as to adapt the present approach of classifying the reservoir failure
threat to other regions, including:

- Studies on reservoirs’ characteristics and influencing factors on the flood
flow of the reservoir catchments;

- Further studies on the characteristics of rain-induced flooding in provinces
and regions nationwide (45 provinces having reservoirs). Moreover, to
improve the quality of input data for analysis and hydrological modelling, it is
recommended to supplement the observation networks with additional, real
time and high-accuracy meteorological stations.
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