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27 WEST POINT. Outline

* Development of a Database
= Analysis and Regression Equations

» Earthen Dam Regression Selection
Tool (EDRST): A web base application

= Conclusion

= Future Work AN
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Pk sy, INITED STATES MILITARY ACADEMY Introduction
o @ WEST POINT.

= 70,000 dams documented
In the United States

= 85% of all dams in the _
United States are earthen
dams

= Computational models
and regression equations

to address failure R e e
= Three categories for O S e
regression equations 2 A L
= Breach Width Teton Reservoir After Failure
- Failure T|me http://damfailures.org/lessons-learned/
= Peak Flows o
£ o %
g g 2




UNITED STATES MILITARY ACADEMY

I, A N T T Development of a Database
"% WEST POINT. P

= Dam failure: overtopping,

Seepage’ pl plng’ and Sl Id I ng Damand Location Built | Failed | Failure Mode Construction
" OVGI’ 160 dam fal|ureS Wlth over , - Homogeneous earthfill
. . . 1 Apishapa, Colorado 1920 1923 Piping '

23 different characteristics :

1 I 3 Baldwin Hills, California 1951 1963 Piping Homogeneous earthfill
Categorlzed In 4 groups 4 Bangjao, China Overtopping
* Development of a database from o] B iy
7
8
9

fine sand

Baimiku, China Overtopping

. . . Bearwallow Lake, North Carolina | 1963 1976 Sliding Homogeneous earthfill
an extensive literature review

Big Bay DamUSA Piping
= Four categories of T
characteristics e R
= Embankment dimensions S/ [ FITI ] w
 Hydraulic characteristics Snapshot of Database
= Breach characteristics
= Time parameters Qm;«e
5 I G
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Database Snapshot

Embankment Dimensions Hydraulic Characteristics
DamHeight | Crest Width [Base width | Average width | Upstreamslope | Downstream | Length |Peak Outflow Reservoir | Surface Volume stored Depth Breach
Slope Storage area  [above breach invert| above |Formation
breach Factor
hd Wc Wb w Ze/u Z e/d Q p S A Vw hw thw
m m m m Z1(h:1) Z:1(hw) mels Method of m n m m mt
Determining
Peak Outflow
Breach Characteristics Time Parameters
Maximum
Height Top Bottom | Average | Average side Eroded Formation | Failure Development Breach and
width width width slopes volume Time Time Time empty Time
hy, Biop Boottom B z Ver ts ts ts tf
Breach m m m m Z:1(h:v) m3 hr hr hr hr
Shape
- MATHE)
& * ‘M%‘Q
& 2 %
F /me %
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. *’} WO DA NTN T T IEWATES
e ® WEST POINT. ’

= Analyzed 9 common regression equations found in literature

= All peak flow rate regression equations

= Extensive research was done to find data used to develop
regression equations

» Data Used to Develop Regression Equations:

= Data was normalized to provide model comparison * ~_:

Peak Outflow (Embankment Characteristic)

Volume Stored Above Breach Invert (Hydraulic Characteristic)
Dam Height (Embankment Characteristic)

Depth Above Breach (Hydraulic Characteristic)

Reservoir Storage (Hydraulic Characteristic)

Length (Embankment Characteristic)

(o MATHEM, 7,
= %,

Average Width (Embankment Characteristic) F O

USMA
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“¢ WEST POINT

Froehlich (1995) Q, =0.607(V,** - H*)
= 22 data points

Q, =13.4(H )"

Singh and Snorrason (1982) oar
Q, =1.776(S)"

= 8 data points

Pierce et al. (2010) Q, =0.1202(L)""**

= 14 and 25 data points Q, = 0.863(\/W0'335 . HW1.833 W 0663

Q, =0.012(v,* -H

1.205 0.226
w L )

MacDonald and Langridge-Monopolis (1984)
= 23 data points Q, =1.154(, - H )04

Q, =3.85(V, -H,, )"

US Bureau of Reclamation (1982) a5
= 21 Data points Q, =73(D)

Regression Equations




UNITED STATES MILITARY ACADEMY Earthen Dam Reg ression

= WEST POINT. Selection Tool (EDRST)

Calculator Pierce et al. (2010)

Reset
Qp=0.12(W049% = 1203 x| 0226 E— Fiorce otal (2010} [ User Addod
15 10 05 0 05 10 15 20
H 1
L
L o5
20
Qp eak Outfl
Formulae / Datasets 10
U.S. Bureau of Reclamation (1982) (H.,)
Qg = 191 [H )4
MacDonald & Langridge (1984) (H,, Vi)
Qp = 1158V, » H o2 05
MacDonald & Langridge (1984) (H,, Vi)
Qq = 385V, * H )05
Singh and Snorrason (1982) (Hy
Q,_J\B 4(Hq) '™ ( 1 Ha bl -
singh and Snorrason (1982) (S) o
Q.= 1,776(51°7
Froehlick (1995) (Hu, Vi) L]
Qo= 0,607 (V0 S50py, 1 24 . L4 -
Pierce et al. (2010) (W, V) L]
G aea i 2 s (oS os
dierce et al. (20
iy <
Pierce et al. (2010) (L, V)
=01 2(vEmS  ir5e + 1454
Pierce et al. (2010) (H, V) 10
S A D45y
ot al. (2010) (H, L)
Sroetns L0, (B
Pierce et al. (2010) (L)
Qg=0.1202(1)" 4=
Calculator MacDonald & Langridge-Monopolis (1984) Reset
_ 0412
Qp = 1.154(V,, * Hy) BN acCocne 8 Langwidge-soncpotts (194) [N Uiss
os o o0s 10 15 >0 5 10 35 40 as
Vi 1 15
-
Hyy 5 2.0
Qp e itfl .
20
-
15
Formulae / Datasets
U.S. Bur of Reclamation (1982) (H,,
a,= 18, J ¢ ) o Y -
MacDonald & Langridge (1984) (H,, Vi)
Q= 11540V, * H1E ®
MacDonald & Langridge (1984) (Hy, Vi) 05 -
Qg = 3.85(V, .. N
Singh and Snorrason (1982) (H -
inghgpd grorasen (1982) () RS
Singh and Snorrason (1982) (S)
o 2nres -
Froehlick (1995) (. Vi) 2
om0 60T B 05 PR -
Pierce et al. (2010) (W, V) -
Cum0BEANA B S b1 43 n (e .
Pierce et al. (2010) (H, W) .
kS0, (Tl
L LS
15

Pierce et al. (2C
i

Pierce et al
Q=0 120y

Demo Site
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2 fcieny, INITED STATES MILITARY ACADFMY Conclusion
¥ % WEST POINT

= Created extensive database of earthen
dam failures

» Analyzed regression equations used to
model failures

= Created a visualization of regression
equations

» Developed a tool useful for practitioners
to select appropriate regression
equations (EDRST) IS,
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2 WEST POINT Future Work

= Data continues to be collected

» Further development of other
metrics:

* Failure time
* Breach width equations

» Analyze cluster of characteristics
(“Regions of Influence”)
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= WEST POINT.

(intersecting Applied Mathematics, Engineering,

Science and Computer Science)

Serving Inter-Disciplinary Areas of Study

- Engineering - Social Sciences - Finance - Biological Sciences - Environmental Studies - Cyber and Big Data Applications

Six Local Computational Mathematics Thrusts

(1) Internships for Cadets (2) Directed Research,
Senior Thesis/Projects

(3) Journals (i.e., Applications in Computational

Engineering Mathematics (ACEM))

(4) Courses, Integrative Experiences, Capstones
(5) Seminars/Conferences

(6) Regularly fund Computational Mathematics

Research and Applications

Leverage Some of West Point’s Centers

* Center for Environmental and
Geographical Science

e Center for Innovation and Engineering

* Center for Molecular Science

* Center for Nation Reconstruction &
Capacity Development

e Center for the Study of Civil-Military
Operations

e \West Point Center for the Rule of Law

* Cyber Research Center

* Mathematical Sciences Center

- MATHE)
" oF M )\/Lq}.[
(’1{

. <
» Network Science Center & /=
g
Q

]

e Operations Research Center
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m Contact Info
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« T.V.Hromadka Il, PhD, M.ASCE, Professor, Dept. of Mathematical Sciences, United States
Military Academy, West Point, NY 10996. E-mail: tedhromadka@yahoo.com

 Howard D. Mclnvale, PhD, COL, US Army, Associate Professor, Dept. of Mathematical Sciences,
United States Military Academy, West Point, NY 10996. E-mail: doug.mclnvale@usma.edu
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