A DAM MYSTERY:
DEAD RIVER FLOOD

unette County, MI
ay 14-16, 2003

submitted to UPPCO by the Washington Group, Inc., June 2003
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Dead-River Flood

» City of Marquette, Marquette Co
» Evacuation of 2300 residents
* Major employers impacted:
* WE Energy
* Cleveland-Cliffs Iron Company
» LS&I Railroad
* Northern Michigan University
* Marquette Board of Light and Power
* Argonics
* Pioneer Labs
* At least 8 small to medium employers affected

» Estimated total damage of $100 million

ty, 4 townships affected

" DeadRiver Flood

« Three dams or dikes da
« Two dams or dikes destroye
- Nine bridges damaged or destro

- Damage to two parks and three pub
access sites

« Major river channel realignments
« Major soil and stream bank vegetation lo

- Significant sediment deposition, debris
field, and undetermined sheen discharged t
Upper Harbor
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Failure of Fuse Plug Dam
\

Silverlake Dam

SILVER LAKE BASIN
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Fuse Plug Dam

® Constructed in Fall 2002.
e Earth dam, about 5 feet high.

® Designed to overtop and serve as an
emergency spillway in the event of a v
severe flood (approx. 500-yr flood).

® Required operational change — keeping la
level lower to maintain storage capacity fo
flood control.

Gage Precip. in Mqt.

Date Time Precip.
(in)
9-May 0200 -
9-May 0800 -
9-May 1400 0.12
9-May 2000 0.20
10-May 0200 -
10-May 0800
10-May 1400
10-May 2000 -
11-May 0200 0.04
11-May 0800 0.56
11-May 1400 1.13
11-May 2000 1.06
12-May 0200 0.92
12-May 0800 0.73

12-May 1400 0.06

|:|< 1.00" -3.00" - 4.00"
100" - 2.00" [ 4.00" - 5.00"
[ ]2.00"-3.00" B > 5.00"

Rainfall derived from gage readings
and radar estimates. Gage readings
are noted.
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Whodunnit?

® What was the cause of failure 0O
(i.e., who is to blame)?

— What happened between 2:00 pm on
12t (rainfall ends) and 5:00 pm on May
(dam bursts)?

— What data are needed for this analysis?
— What data are available?

\Frequew Analysis
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Hydrologic-Analysis

® Watershed delineation
— Area =23.6 mi2
— Tc~ 12 hrs

® Soils (loss model) analysis

% of Area  Initial loss (in) Constant loss rate
{infh)

3lé
157
12.2
6.7
338

0.0
0.3
0.9
0.9
0.3

0.o
0.o1
0.06
0.10

1.0

Hydraulic-Analysis

® Dam outlets include:

— 4-ft discharge pipe with gate valve
¢ Gate open just 4 in., allowing only 10 cfs 0

— Overflow spillway
¢ Stop logs in place to shut off outflow

® Storage-area-elevation relationships for la
were developed.
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Inflow, cfs
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5/9/2003 0:00

HEC- MS\Model

Initial lake level

L

too high?

5/10/2003 0-00 5/11/2003 0:00 5/12/2003 0:00 5/13/2003 000 51147201
Time
Inflow -~ .- Inflow with Designer's Tc Lake Level

03 0:00 5/15/2003 0:00

1486

1485

1484

1483 3
1482
1481

1480

Lake Level, ft. MSL

Frequency Analysis

RECURRENCE INTERVAL, YEARS

TOTAL WATERSHED RUNOFF |INCHES)

SILVER LAKE PEAK INFLOW, CFS

NON-EXCEEDENCE PROBABILITY, PER CENT PER YEAR

v
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Structure Elevations ﬁ.

Elevation {ft)

1490.0

1480.0

Comparision of Design Elevations with
Maximum and Minimum As-Built Elevations

1486.50 1486.41

1486.14
148550 148537

Design Mazx. As-Built Min. As-Built Design As-Built

1485.28
Crast of Fuse Plug  Crest of Fusa Plug  Crestof FusePlug  Pilot Channel  Pilot Channel Max Pilot Channel Min
As-Built

Elevation of waler surface In reservolir (ft)

1488 Rainfall: _ 8.6%  17.0% ’732% I 20%
Estimated waler leveis
1486 K \\ \\ o—
= ‘,—Pllm
/ \ \ e . channe!
A + | imer
i L] e . | elevation
.\. e o ] [EpusinEy (P
e | Mothars Day
atom ewent
Last obaervation 4 1o 5 inches
1480 +—— before breach ‘of rain
in 48 houre.

Chbgenations
after breach

3

3

1474

3

1470

1488

1488

BTR3 e 903 5M0M3  BMINE B2 G303 &M40E SMENS  SM8RS
1200 AM 1200 AM 1200AM TZ00AM 1Z00AM 1200AM 1200AM 1200 AM 1200 AM 12:00 AM

Date and time

v
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Spillway Discha ge\\/elocities

PROFILE A-A
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HEC-RAS Model
Calculated Maximum Velocity in Fuse Plug Channel
Discharge Maximum Velocity Section of Lake Elevation
(cfs) (ft/sec) Maximum Velocity (ft)
1.000 495 1800 145298
2.000 6.22 1200 1483.84
3.000 714 1800 148454
4.000 7.85 1200 1483.13
4.0007 338 7328, 2100, 1900 1485 61
6.000 920 2100 1486.14
7.000 985 2100 1486.59
10,000 11.56 2100 1487.80
15,000 14.32 1772 148949
19,230 15.82 772 1490.74
U A discharge of 4.900 cfs is comparable to the estimated May 14, 2003 discharge from
Silver Lake diately after the breach and washout of the fuse plug embankment.

Maximum Channel Velocities
(US Army Corps of Engineers, EM 1110-2-1601, 1991)

Channel Material Mean Channel Velocity (ft/sec)
Fine Sand 20
Coarse Sand 40
Fine Gravel 6.0
Earth - Sandy Silt 2.0
Grass-lined Earth (slopes less than 3%)
Bermuda Grass on Sandy Silt 6.0

Kentucky Blue Grass on Sandy Silt 5.0




Headcutting
N

Discharge in. 36cond -feal per faot f width,
* Enargy entering jomg.

Comjugate cepte,
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Mlustration 1 - Hydraulic Jump
(Desizn of Small Dams. USBR 1987)

So Who isto Blame?

® Design firm?
— Did not account for erosive soils?
— Improper design of fuse plug foundatio
e Contractor?
— As-built elevations below design elevations
— Was the spillway really grass-lined?
® Operator?
— Holding lake too high?
— Set release rate too low?
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