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Quantification on Dam Condition Related to Internal Erosion
of an Embankment Dam and its Applicability Evaluation

3 Z' Heo, Gun

A = 7 Chung, Choong-Ki

Abstract

The typical four conditions related to internal erosion were set from the results of the regular dam safety inspection
for 17,500 dams, and a questionnaire survey was conducted for dam safety experts to quantify these four typical current
dam conditions with scores between 0 and 10, respectively. In addition, we proposed ‘possible score range’ for each
condition to minimize the decision limits for dam managers to quantify dam conditions while helping to quantify various
dam conditions except 4 representative conditions. A case study based on ‘quantified score’ and ‘possible score range’
for each condition showed that this method consistently reflects the dangerousness of the dam and provides a reasonable
probability of failure. This helps to overcome limitations of dam rating determination by weighted average, and it will

help to evaluate dangerous dams as dangerous dams.
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Table 1. Overall Failure Statistics for Large Embankment Dams
(Modified based on Foster et al., 2000)

Mode of failure No. of failures | % failures
Overtopping and appurtenant 62 45.6
Piping—Internal Erosion 59 43.3
Slides 7 5.1
Earthquake—liguefaction 2 1.5
Unknown mode 8 5.9
Total no. of failures 136 -

Note : Totals do not necessarily sum to 100%, as some failures
were classified as multiful modes of failure.
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Fig. 1. Graph for plotting annual probability of failure vs. Current
condition score (Heo and Chung, 2016)
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Table 2. Questionnaire form
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Lower inner fence : QI1-1.5 x IQR, Upper inner fence
1 Q3+1.5 x IQR
where, Q1 : Lower quartile (the median of the lower
half of a set of data.)
Q3 : Upper quartile (the median of the upper
half of a set of data.)

IQR : Interquartile Range (IQR = Q3 — Q1)
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Scores (Best condition 0, Worst condition 10)

Current conditions

Min (0~10)

Most likely (0~10) Max (0~10)

. Seepage

. Large amount of seepage

. Seepage carrying fines

Sl | —

. Large amount of seepage carrying fines
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Table 3. Results before removal of outliers
Upper/Lower limit
Current condition Mean Min. Max. Mode Var. SD. Lower Upper
fence fence

1. Seepage 3.2 2 5 3 1.1 1.1 -1.0 7.0

2. Large amount of seepage 6.8 3 9 7 1.8 1.3 4.1 9.1

3. Seepage carrying fines 5.5 3 9 5 1.7 1.3 3.5 7.5

4. Large amount of seepage carrying fines 8.3 5 10 9 1.1 1.0 6.5 10.5
Table 4. Results after removal of outliers

Upper/Lower limit
Current condition Mean Min. Max. Mode Var. SD. Lower Upper
fence fence

1. Seepage 3.2 2 5 3 1.1 1.1 0.9 5.9

2. Large amount of seepage 6.8 6 8 7 0.6 0.8 4.5 8.5

3. Seepage carrying fines 5.3 4 7 5 1.3 1.1 3.5 7.5

4. Large amount of seepage carrying fines 8.4 7 10 9 0.6 0.8 6.5 10.5
Table 5. Results of possible score ranges

nd
Minimum Maximum 1% range 2" range DEFRA
" Most : (Extended proposed
Current condition ) (possible ) .
L t | Mean | Mean |Highest likely score range) possible score | (Maximum value
owes range) presented only)
1. Seepage 1.0 2.2 4.6 7.0 3.2 2-5 (1-7) -
2. Large amount of seepage 2.0 5.2 8.2 10.0 6.8 5- (2-10) 6
3. Seepage carrying fines 1.0 3.7 6.8 9.0 5.3 -7 (1-9) 10
4. Large amount of seepage carrying fines 5.0 6.9 9.5 10.0 8.4 6 — 10 (5-10) 10
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Quantified Score of Current Dam
Conditions (0-10)
: Estimation the Probability of Failure
due to Internal Erosion using the
Correlation Graph

: The Most Direct Opinion on the Dam

Dam Safety Inspection Grade of
Downstream Slope (A,B,C,D,E)

Condition by Dam Manager

Correlation
Analysis

Verification the Consistency of
Dam Failure Probability due to
Internal Erosion

Fig. 2. Correlation Analysis for Verifying Consistency of Failure Probability Estimation Due to Internal Erosion
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Table 6. Case Study results for Consistency Verification

Name | Overall | D.S. . Classified Most likely | Possible
: ) Current Dam Condition o Scores

of dam | Rating | Rating Condition score score range

dam1 C C Seepage on the right side of the downstream slope Seepage 3.19 2-5 3

dam2 B C Small amount of seepage on the downstream slope Seepage 3.19 2-5 3

dam3 C C Small amount of seepage on the downstream slope Seepage 3.19 2-5 3

dam4 C D Large amount of seepage around conduit Large amount 6.76 5-9 8
of seepage

damb C D Wet zone on the left side of conduit Large amount 6.76 5-9 7
of seepage

dam6 C B Seepage on the right side of the downstream slope Seepage 3.19 -5 3

dam7 B B Seepage on the left side of the downstream slope Seepage 3.19 -5 3

dam8 C C Small amount of seepage on the downstream slope Seepage 3.19 -5 3

dam9 C C Seepage .around .condun Se.epag.e 530 3-7 5

(suspected fine—grain run—off) carrying fines

dam10 C C Seepage on the left side of the downstream slope Seepage 3.19 -5 3

dam11 C C Small seepage on the downstream slope Seepage 3.19 -5 3

dam12 C C Seepage on the downstream slope and around conduit Seepage 3.19 -5 3

dam13 B E Seepage across the middle part of the embankment Large amount 6.76 5-9 9
of seepage

dam14 C D Seepage carrying fines Se.epag.e 5.30 3-7 6
carrying fines

dam15 C C Seepage around conduit Seepage 3.19 2-5 3

dam16 D D Seepage, Erosion dam crest, Partial Settlement Se.epag.e 5.30 3-7 5
carrying fines

dam17 C C  |Seepage around conduit, Wet area on the downstream Large amount 3.19 2-5 7
of seepage

dam18 C C Seepage around conduit Seepage 3.19 -5 3

dam19 B C Seepage on the downstream slope Seepage 3.19 -5 3

dam20 C C Seepage on the downstream slope Seepage 3.19 -5 3

dam21 B B Seepage around conduit Seepage 3.19 -5 3

dam22 B B Small amount of seepage on the downstream slope Seepage 3.19 -5 3

dam23 A B Seepage around conduit Seepage 3.19 -5 3

dam24 B B Seepage carrying fines around conduit Selepagle 5.40 3-7 5
carrying fines

dam2s C C Seepage on the downstream, Se.epag.e 319 o5 5

Partial settlement of dam crest carrying fines

dam?26 B B Seepage around conduit Seepage 3.19 2-5 3

dam27 C D Seepage carrying fines around conduit Se.epag.e 5.30 3-7 6
carrying fines

dam28 B Seepage around conduit Seepage 3.19 -5 3

dam29 B Wet area on the downstream Seepage 3.19 - 4

dam30 C Seepage around conduit Seepage 3.19 2-5 3
Large amount

dam31 C D Large amount of seepage around conduit of seepage 5.30(2003) S 9

6.76(2012) 5-9
(2013 collapsed)
Note : A (Best condition), B (Minor defects in auxiliary members), C (Minor defects in major members or extensive defects in auxiliary

members), D (Conditions requiring urgent repair and reinforcement due to defects in major members), E (Conditions requiring immediate
prohibition of use of facilities due to serious defects in major members)
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Table 7. Comparison of the Safety rating of the downstream slope and Current dam condition score

No. of dams

Current Dam Condition (Score)

24
(B 9, C15)

20 Seepage (3.19)
3 Seepage carrying fines (5.30)
1 Large amount of seepage (6.76)

3 Seepage carrying fines (5.30)
3 Large amount of seepage (6.76)

1 Large amount of seepage (6.76)
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