AD=-Alu6 630 WOODWARD=CLYDE CONSULTANTS CHICAGO IL
NATIONAL DAM SAFETY PROGRAM,
APR 81

F/6 13/13
IRON MOUNTAIN LAKE DAM (MO 30057) r==ETC (U)
R G BERGGREENe: J PEREZ DACHM3-BI-C-DDB

UNCLASSIF IED

Voo
a
]

END
et
mm




e [ ()

T,
15 t s, o

F.\'\ :r’g. §

IRON MOUNTAIN LAKE DAM
ST FRANCOIS GOUNTY. MISSOURI
MO 30087

PHASE 1 INSPECTION REPORT
NATIONAL DAM SAFETY INSPECTION

United States Army

\ Corps of Enginsers
SRIERR ) Sering the Natim otV
- - » [ 3 &1\9 3 YO ’
St. Louis District 2t <* »
R EC
2% 43
9\& o A3
\-:::,’5.‘

PREPARED BY: U.8. ARMY ENGINEER DISTRICT. ST. LOUIS

FOR: STATE OF MISSOURI

@ APRIL 1981

BIC ALE cory

81 1102 037




SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T. REPORT NUMBER 2. GOVY ACCESSION NO,J 3. RECIPIENT'S CATALOG NUMBER I
] D-A10¢ 39
A. TITLE (end Subtitle) ’ i 5. TYPE OF RERORT & PERIOD COVERED
Phase I Dam Inspection Report U -
National Dam Safety Program : Final Report
Iron Mountain Lake Dam (MO 30057) E 6. PERFORMING ORG+REPORT NUMBER

St. Franc01s County, Missouri
I AUTNOR(O) - 8. CONTRACT OR GRANT NUMBER(s)

SV -/
o F*'-){VSS-/I)(;-‘, s .-"‘ e
Woodward-Clyde Consultants

Tyde O ~ o {nAcw43-81-c-gg3d
8. PERFORMING ORGANIZATION NAME AND ADDRESS . 10. PROGERAME: L ROJECT, TASK

AREA & WORK UNIT NUMBERS

U.S. Army Engineer District, St. Louis : Ty T .

Dam Inventory and Inspection Section, LMSED-PD , { /= j EEVE I

210 Tucker Blvd., North,St. Louis, Mo. 63101 - NS - .
11. CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT DATE,

U.S. Army Engineer District, St. Louis Apr#®=1981 |

Dam Inventory and Inspection Section, LMSED-PD 13. NUMBER OF PAGES

L.210 Tucker Blvd., North, St., Louis, Mo, 63101 _Ap_p_[oxima_t,e]_g 50
- WONITORING AGENCY NAME & ADDRESS(if different from Controllins Offine) | 15" SECURITY CLAES. (of this report)

—

' [ National Dam Safety Programe Iron

Mountaln Lake Dam (Md 3p¢57)’ M]-SS:LSSIPPJ- 15a. DECL ASSIFICATION/ DOWNGRADING
. SCHEDULE

| = St. Francis Basin, St. Francois
e isTAil  County, Missouri. Phase 1 InSpectlon
Report. T

e

Approved for release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different trom Report)

18. SUPPLEMENTARY NOTES

19. KEY WOROS (Continue on reverse side if necessary and identify by block number)

Dam Safety, Lake, Dam Inspection, Private Dams

\
bN
20. ADSTHNACT Mnm slde N necossecy axd identity by block number)

This report was prepared under the National Program of Inspection of
Non-Federal Dams. is report assesses the general condition of the dam with
respect to safety, based on available data and on visual inspection, to
determine if the dam poses hazards to human life or property.

3 dil Yy e

DD , 3 UI3  £ormom oF 1 wov 68 1s ossoLETE

e
R >
el

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




r—ﬁ | S - e——— - .

SECURITY CLASSIFICATION OF THIS PAGE(Phen Date Bntored)

.

250 2B

SECUMTY CLASSIFICATION OF THIS PAGE(When Data Entered)




DEPARTMENT OF THE ARMY
$T. LOUIS DISTRICT. CORPS OF ENGINEERS
210 TUCKER BOULEVARD, NORTH
$T. LOULS, MISSOURL 63104

MM Y VO
AITERTION OF

SUBJECT: 1Iron Mountain Lake Dam, MO 30057

This report presents the results of field inspection and evaluation of the Iron
Mountain Lake Dam. It was prepared under the National Program of Inspection of
Non-Federal Dams.

It is recommended that the owner initiate immediate action to improve the
structural stability of the dam and provide an adequate spillway system. If
these recommendations are not implemented, the very poor embankment condition
along with the potential for overtopping could result in failure of the dam.
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PREFACE

This report is prepared under guidance contained in the Recommended Guidelines
for Safety Inspection of Dams for Phase I Investigations. Copies of these guidelines may
be obtained from the Office of the Chief of Engineers, Washington, D. C., 20314. The
purpose of a Phase I investigation is not to provide a complete evaluation of the safety of
the structure nor to provide a guarantee on its future integrity. Rather the purpose of the
program is to identify potentially hazardous conditions to the extent they can be
identified by a visual examination. The assessment of the general condition of the dam is
based upon available data (if any) and visual inspections. Detailed investigations, testing,
and detailed computational evaluations are beyond the scope of a Phase I investigation;
however, the investigation is intended to identify the need for more detailed studies. In
view of the limited nature of the Phase I studies no assurance can be given that all
deficiencies have been identified.

’

In reviewing this report, it should be realized that the reported condition of the dam
is based on observations of field conditions at the time of inspection along with any data
which may be available to the inspection team. In cases where the reservoir was lowered
or drained prior to inspection, such action removes the normal load on the structure, as
well as the reservoir head along with seepage pressures, and may obscure certain
conditions which might otherwise be detectable if inspected under the normal operating
environment of the structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary in nature. It
would be incorrect to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future. Only through frequent
inspections can unsafe conditions be detected, so that corrective action can be taken.
Likewise continued care and maintenance are necessary to minimize the possibility of
development of unsafe conditions.




; s PHASE I REPORT

C NATIONAL DAM SAFETY PROGRAM
Name of Dam Iron Mountain Lake Dam
State Located Missouri
County Located St Francois
Stream Indian Creek
Date of Inspection 23 February 1981

Iron Mountain Lake Dam, Missouri Inventory No. 30057, was inspected by Richard
Berggreen (engineering geologist), Jean-Yves Perez (geotechnical engineer), and Sean
Tseng (hydrologist). The dam is an earth dam used for recreational purposes.

The dam inspection was made following the guidelines presented in the "Recom-
mended Guidelines for Safety Inspection of Dams."” These guidelines were developed by
the Chief of Engineers, US Army, Washington, DC, with the help of federal and state
agencies, professional engineering organizations, and private engineers. The resulting
guidelines represent a consensus of the engineering profession. These guidelines are
intended to provide for an expeditious identification of those dams which may pose
hazards to human life or property, based on available data and a visual inspection. In view
of the limited scope of the study, no assurance can be given that all deficiencies have
been identified.

Iron Mountain Lake Dam is in the small size classification based on its maximum
height of 16.5 ft, and reservoir storage volume of approximately 882 ac-ft. The smalli
dam classification includes dams between 25 and 40 ft in height, or having storage
capacities between 50 and 1000 ac-ft.

he St Louis District (SLD), Corps of Engineers, has classified this dam as having a
significant hazard potential. The hazard zone length estimated by the SLD extends
approximately one mile downstream of the dam. Within this zone are only one or two
occupied homes which may be damaged by failure of this dam. The guidelines require a

- small size dam in the significant hazard catagory to pass a spillway design flood between

the 100 yr flood and 50 percent of the Probable Maximum Flood (PMF). Due to the
relatively large storage capacity for this small dam, 882 ac-ft, it is recommended that 50
percent of the PMF be used as the spillway design flood. The PMF is defined as the flood
event that may be expected to occur from the most severe combination of critical
meteorological and hydrologic conditions that are reasonably possible for the region.
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The dam breached in 1978, probably as a result of piping along decaying tree roots.
In 1979, extensive seepage through another section of the embankment required
immediate repair. No evidence or record of overtopping of the dam was noted during the
visual inspection.

Based on the visual inspection and analysis of available data, the dam is judged to be
in very poor condition. This assessment is based primarily on the history of the recent
breach and seepage which developed at this dam, possibly along piping paths resulting
from decaying root systems. The size of the trees on the embankment and the number of
stumps where trees have been cut down indicate that similar seepage areas will likely
continue to appear and pose a hazard of dam failure. Extensive remedial work would be
required to safely remove the stumps and roots in a safe manner. Continued and frequent
inspection of the embankment is recommended to allow emergency measures to be taken
when and if seepage develops on the dam.

Hydraulic/hydrologic analyses of the dam and appurtenant structures indicate the
dam will be overtopped by a flood greater than 10 percent of the Probable Maximum
Flood (PMF). The 1 percent probability-of-occurrence flood (occurs on the average once
every 100 years) will overtop the dam by 0.7 ft. The relatively narrow embankment
section and moderately erodible soil used in construction of the dam suggest overtopping
would likely produce an effective breach of this dam.

—*Seepage and stability analyses comparable to the requirements of the "Recom-
mended Guidelines for Safety Inspection of Dams® were not available. This is considered

a deficiency which should be rectified.

Based on our inspection of Iron Mountain Lake Dam, the recommendations listed
below should be addressed immediately.

L. An evaluation should be made of the feasibility and modifications necessary to

allow removal of the trees and stumps on the embankment, and subsequent repairs
to the dam.
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2, Seepage and stability analyses comparable to the requirements of the "Recom-

mended Guidelines for Safety Inspection of Dams" should be performed and made a
matter of record. Such analyses should consider all appropriate loading conditions,
including seismic loads, and should be made by an engineer experienced in the design
and construction of earth dams.

3. A detailed hydraulic/hydrologic analysis should be performed to design a
spillway and discharge channel system capable of passing the spillway design flood
(50 percent of PMF) without overtopping the dam. The modifications to the
spillways and discharge channels should be designed to prevent erosion.

4, A procedure for a flood warning system should be formalized to facilitate the
timely alerting of downstream residents in the event emergency conditions develop
at this dam.

5. In lieu of the above recommendations, it may be necessary to breach the dam in
a controlled manner, to mitigate the hazard posed by this dam.

In view of the condition of this dam and the history of problems, it is recommended
that a program of periodic inspections and maintenance be initiated immediately by or
under the supervision of an engineer experienced in the design, construction and
maintenance of earth dams. The following items should be included, as a minimum, in this
program.

1. Inspect the embankment and area adjacent to the toe for evidence of seepage.
This inspection should note any change in the amount of seepage, or evidence of

turbidity (soil) in the seepage water.

2, Inspect the embankment for evidence of slope instability such as cracking or
slumping.

3. Inspect and repair the upstream slope where erosion or slumping of the rock
cover has occurred.
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4.  Remove brush from the downstream slope of the dam to facilitate inspection li
of the embankment. Removal of large trees should only be done under the f
supervision of an engineer experienced in design, construction, and maintenance of
earth dams. Indiscriminate removal of large trees could jeopardize the safety of the
dam.

WOODWARD-CLYDE CONSULTANTS

Richard G4 B rggree:ry; /
Registered‘ Geologist, No. 3572, CA

62-34675, IL
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L. Upstream slope of Iron Mountain Lake Dam. Note rock for erosion con-
trol and steep eroded portion above top of rock. Also note trees growing
on dam. Reservoir is out of the picture to the right. Looking east.

2 Downstream slope of dam. Note large trees on the embankment. Looking
southeast.

3. Stump of tree which has been cut from embankment. Clipboard is approximately
12-in. long. Looking east along downstream slope of dam.

4. Main spillway wall. Lower portion consists of stone blocks, upper portion
is 4 ft tall concrete weir. Looking southeast.

5. Concrete spillway weir. Note two 22-in. ports through concrete portion
of spillway. Looking southwest from east side of spillway. Note stone
wingwall upstream of spillway.

6.  Auxiliary spillway at right (east) end of dam. Looking east.

7. Concrete-covered slope below auxiliary spillway. Looking southeast
from left bank of downstream channel.

8.  Plank bridge over main spillway discharge channel. Looking downstream
(north).

B Hydraulic/Hydrologic Data and Analyses
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PHASE 1 INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
IRON MOUNTAIN LAKE DAM, MISSOURI INVENTORY NO. 30057

SECTION 1

PROJECT INFORMATION

1.1 General

a. Authority. The National Dam Inspection Act, Public Law 92-367, provides for
a national inventory and inspection of dams throughout the United States.
Pursuant to the above, an inspection was conducted of Iron Mountain Lake
Dam, Missouri Inventory Number 30057.

b. Purpose of Inspection. "The primary purpose of the Phase I investigation

program is to identify expeditiously those dams which may pose hazards to
human life or property... The Phase I investigation will develop an assessment
of the general condition with respect to safety of the project based upon
available data and a visual inspection, determine any need for emergency
measures, and conclude if additional studies, investigations and analyses are
necessary and warranted" (Chapter 3, "Recommended Guidelines for Safety
Inspection of Dams").

c. Evaluation criteria. The criteria used to evaluate the dam were established in ‘
the "Recommended Guidelines for Safety Inspection of Dams," and Engineering
Regulation No. 1110-2-106 and Engineering Circular No. 1110-2-188, ‘
"Engineering and Design National Program for Inspection of Non-Federal |
Dams," prepared by the Office of Chief of Engineers, Department of the l
Army; and "Hydrologic/Hydraulic Standards Phase I Safety Inspection of Non-
Federal Dams," prepared by the St Louis District (SLD), Corps of Engineers. ¢
These guidelines were developed with the help of several federal agencies and
many state agencies, professional engineering organizations, and private
engineers,




1.2 Description of Project

a. Description of dam and appurtenances. Iron Mountain Lake Dam is an earth

dam impounding a reservoir for recreational purposes. The dam is quite long,
over 1500 ft, but not tall, about 16.5 ft. The embankment is constructed of
locally-obtained silty clay soil. Coarse rock, from several inches to 1 ft in
diameter, has been placed for erosion control along the upstream slope of the

dam.

The dam is quite old, reported to have been constructed in 1847. Trees in
excess of 2 ft in diameter are growing on the embankment. The embankment
also has a cover of brush and grass. Some of the large trees have been cut
down and only stumps remain. Some of the stumps have been burned to or

below the embankment surface.

Two spillways were identified at this dam. The main spillway is located at the
left end of the dam (as the observer faces downstream). This spillway consists
of a base of large limestone blocks, capped by a 4-ft high concrete weir. Two
22-in. diameter ports through the concrete cap are blocked at the upstream
end with removable steel plates. Concrete and stone walls form wing walls
along the upstream and downstream channels. The discharge channel for this
spillway flows beneath a bridge immediately downstream of the dam.

The auxiliary spillway is located at the right (east) end of the dam. This
spillway consists of a broad grass-covered area adjacent to the lake, an
unpaved road at the control section for the spillway, and a concrete-covered
slope on the downstream side of the road. The discharge channel for this
spillway is moderately overgrown with brush and small trees and could become
obstructed during fiood flows. The roadway was reported to be impassible
during heavy flood flows through this auxiliary spillway.

b. Location. The dam and reservoir are located within the community of Iron
Mountain Lake, on Indian Creek in St Francois County, Missouri. The dam is
located in Section 32, T35N, R4E, on the USGS Iron Mountain Lake, Missouri
7.5-minute quadrangle map (1968).
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f.

Size classification. The dam is classified small size based on its height of

16.5 ft and storage capacity of 882 ac-ft. The small size classification
criteria are: height between 25 and 40 ft, or storage capacity between 50 and
1000 ac-ft.

Hazard classification. The St Louis District (SLD), Corps of Engineers, has

classified this dam as having a significant hazard potential; we concur with
this classification. The damage zone length estimated by the SLD extends
approximately one mile downstream of the dam. Within this estimated
damage zone are only one or two occupied dwellings which could be damaged
by failure of this dam. The contents of the damage zone were verified by

aerial reconnaissance.

Ownership. The dam is reportedly owned by the Iron Mountain Lake Property
Owners Association. Correspondence should be sent to the attention of the
President of the Association, Mr Robert Becker, Route 2, Box 232, Bismarck,
Missouri 63624.

Purpose of dam. The lake impounded by the dam is used primarily for

recreational purposes.

Design and construction history. The dam was reported by Mr Robert Becker

to have been constructed in 1847 by the Iron County Iron Company. No
records are available of the original design and construction of the dam.

Mr Becker described some recent modifications which have been made on the
dam. These include the addition of a 4 ft concrete cap to the main spillway
weir, repair to a breach of the embankment which occurred in 1978, and
emergency repair of a seepage area in 1979.

The modifications to the spillway were made in 1950 following a flood which
washed out a bridge which was used as a crossing at the spillway. Two fish
ladders at the spillway were also washed out by this flood event.

In 1978 a breach of the embankment drained the lake. This breach apparently
developed by piping and internal erosion of the embankment at a decomposing
tree stump. When the piping started, steel sheet piles were driven into the dam




and straw was stuffed into the piping area. This reduced the flow for several
days, but the seepage and piping eventually developed into a breach of the
dam. The breach was filled with compacted clay.

As the lake was being refilled following repair of the breach, another area of
seepage developed near a decaying tree stump at the right end of the dam.
This area was repaired with steel sheet piles and seepage has not reappeared.
However, the lake level has not risen to the level] of the spillway crest since
refilling began following the breach.

Normal operating procedures. No operating records or formal operating

procedures were found for this dam. Mr Becker reported that the steel plates
at the upstream end of the 22-in. ports through the spillway weir are removed
manually when flow over the spillway reaches 4 to 6 in. deep. The person must
stand on a narrow ledge (4-in. wide) on the downstream side of the weir and pry
off the steel plates. This practice appears to be very hazardous to the person
attempting to remove the plates. Alternate methods should be developed to
allow opening these ports.

1.3 Pertinent Data

a.

b'

Drainage area. 12.4 m12

Discharge at damsite.

Maximum known flood at damsite Approximately 1 ft over
main spillway weir.

Warm water outlet at pool elevation N/A (Not applicable)

Diversion tunnel low pool outlet at pool elevation N/A

Diversion tunnel outlet at pool elevation N/A

Gated spillway capacity at pool elevation N/A

Gated spillway capacity at maximum pool elevation N/A

Ungated spillway capacity at maximum pool elevation 3800 ft3/sec
(2600 main, 1200 auxil.)

Total spillway capacity at maximum pool elevation 3800 ft3/sec
(2600 main, 1200 auxil.)




C.
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f.

Elevation (ft above MSL).

Top of dam

Maximum pool - design surcharge

Full fiood control pool

Recreation pool

Spillway crest (gated)

Upstream portal invert diversion tunnel
Downstream portal invert diversion tunnel
Streambed at centerline of dam

Maximum tailwater

Toe of dam at maximum section

Reser voir.

Length of maximum pool
Length of recreation pool
Length of flood control pool

Storage (acre-feet).

Recreation pool
Flood control pool
Design surcharge
Top of dam

Reservoir surface (acres).

Top of dam
Maximum pool
Flood control pool
Recreation pool
Spillway crest

1059.9 to 1060.4
N/A

N/A

1055.3

N/A

N/A

N/A

Unknown
Unknown

1043.9

7000 ft
3500 £t
N/A

280
N/A
N/A
882

200
200
N/A
70
70

e ——
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Dam.

Type
Length
Height
Top width
Side slopes

Zoning

Impervious core
Cutoff
Grout curtain

Diversion and regulating tunnel.

Earth
1525 ft
16.5 ft
8-14 ft

Upstream, unknown
Downstream, 2.0-2.8(H) to 1(V)

Unknown; probably homogeneous
embankment

Unknown
Unknown

Unknown; probably none

Type None
Length N/A
Closure N/A
Access N/A
Regulating facilities N/A
jliway. Main Auxiliary
Type Stone foundation with Grass-covered adjacent

concrete weir. Concrete  to reservoir, unpaved road-

stone, and block wing
walls upstream and
downstream of weir.

way at control section,
concrete-covered slope
on downstream side of
road.

Length of weir 75 ft Approx. 130 ft at
elevation of minimum
top of dam.

Crest elevation 1055.3 1055.9

Gates Two 22 in. diameter None

ports through weir.
Manually opened.

Downstream channel Bedrock-lined channel
crossed by wood plank

bridge.

Regulating outlets.  None.

Soil and rock-lined channel

overgrown with brush and
small trees.
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2.2

SECTION 2
ENGINEERING DATA

Design
No design plans or data are available for this dam.
Construction

No records of the dam construction are available. Mr Robert Becker, President of
the Iron Mountain Lake Property Owners Association provided the following

information.

The dam is reported to have been constructed in 1847 by the Iron County Iron
Company. It is believed the dam is a homogeneous embankment constructed with
gravelly to silty clay (CL) and clayey silt (ML). The spillway at the left (west)
abutment is made of large limestone blocks with no mortar. The limestone blocks
are crowned by a 4-ft high concrete weir. This concrete weir was added in 1950.
This spillway was provided with two fish ladders that were destroyed by previous
floods, (date unknown). The spillway also served as a crossing point (bridge) in the
past. This bridge was washed out about 1950.

Mr Becker said a breach developed in the dam 3 years ago (1978) during spring
runoff. The breach occurred on the east side of the main spillway. To
repair the breach, the reservoir was drained. The breach was repaired using steel sheet
piles and clay borrowed from the drained reservoir area. According to Mr Becker,
the breach was caused by seepage through a decayed tree stump.

In 1979, a new seep developed 150 ft west of the right (east) abutment, also in the
vicinity of a decaying stump. Water was observed seeping through the embankment
and also upward through the road at the toe of the dam. The seep was repaired by
driving sheet piles near the stump.

No other records of construction were available for this dam.
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Operation

The only facilities requiring operation are two 22-in. diameter ports through the
concrete portion of the spillway weir. Mr Becker reported these ports are opened by
removing steel plates which are placed against the upstream end of the ports. These
plates are removed when the spillway weir is overtopped by 4 to 6 inches.

No other operating facilities were recognized at this dam.
Evaluation

a.  Availability. No engineering data or design reports were available for this
dam. Information on recent construction was obtained from interviews with
Mr Becker of the Iron Mountain Lake Property Owners Association.

b.  Adequacy. The available engineering data are insufficient to evaluate the
adequacy of design of Iron Mountain Lake Dam.

Seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams" are not on record; this
is considered a deficiency which should be rectified. These analyses should be
performed by an engineer experienced in the design and construction of earth

dams.

¢.  Validity. The information obtained from Mr Becker appears to be in general
agreement with the findings of the visual inspection. However, the informa-
tion is incomplete.

Project Geology

The dam site is located near the crest of the Ozark structural dome. Bedrock in the
area is mapped as Precambrian age volcanic rock of the St Francois Mountain
Volcanic Supergroup, and Cambrian age Elvins Group and Bonneterre Formation
(Fig. 4). The Bonneterre Formation apparently does not outcrop in the the vicinity
of the dam.




The Precambrian volcanic rocks underlie the ridges surrounding the drainage basin
and consist of rhyolite and felsite volcanic flows and ash flow tuffs. This material is
the host formation for the iron ore mined in the vicinity.

The Cambrian age sedimentary unit (Elvins Group) consists of the Derby-Doerun
Dolomite and Davis formation. The Derby-Doerun Dolomite consists primarily of
thin- to medium-bedded light gray dolomite with interbedded glauconitic siltstone
and shale. This appears to be the bedrock exposed in the discharge channel below
the spillway. The Davis Formation is a dolomitic shale underlying the Derby-Doerun
Formation; it apparently does not outcrop at the dam site.

The soil at the dam site is a light gray to grayish-brown gravelly to silty clay (CL)
and clayey silt (ML). This appears to be the soil used in the dam construction. Two
soils are described in this area in the Missouri General Soils Map and Soil
Association Descriptions (1979). The igneous bedrock in the area has a residual soil
developed by weathering of the Precambrian units. This soil is mapped as Knobtop-
Irondale-Delassus-Syenite Soil Association. The carbonate sedimentary units have

developed a residual soil mapped as Peridge-Cantwell-Gasconade Soil Association.

Several faults are mapped in the area surrounding the dam site, The Cedar Creek
Fault is mapped approximately 3 mi north of the dam. This fault is a part of the
Palmer Fault System, a branching network of faults approximately 45 mi long,
trending east-west through southern Crawford and Washington Counties. Displace-
ment on the fault system is typically south side up.

Other small faults in the area are the Stone Mountain Faults, a series of 3 short
faults, the closest of which is approximately 3 mi northeast of the dam, and the
Ironton Fault, approximately 4 mi west. These faults, like most others in the Ozark
region are within Precambrian and Paleozoic formations, and are likely Paleozoic in
age. The area is not seismically active and these faults are not considered to pose
an unusual hazard to the dam.

The dam is located approximately 90 mi northwest of the line of epicenters for the
very large New Madrid earthquakes of 1811 and 1812. A recurrence of an
earthquake of the magnitude of the New Madrid events could cause damage to this
dam, but an assessment of this risk is beyond the scope of this Phase I investigation.




SECTION 3
VISUAL INSPECTION

3.1 Findings

b.

General. Iron Mountain Lake Dam was inspected 23 February 1981. Mr Bob
Becker, President of the Iron Mountain Lake Property Owners Association,

met with the inspection team following the inspection.

Dam. The dam is an earth embankment approximately 1525 ft long and 16.5 ft
high at the maximum section. The dam crest is typically narrow, ranging from
8 to 14 ft wide.

Based on limited exposures, the dam appears to have been constructed of
locally-obtained gravelly to silty clay (CL) and clayey silt (ML). This material
is judged to be moderately to highly erodible in the event of overtopping of the
dam. The upstream slope of the dam has a mantle of coarse rock for erosion
protection ranging in size from several inches to 1 ft in diameter (Photo !).
Some wave erosion has occurred above the rock cover, producing near-vertical
slopes of 1 to 2 ft near the crest of the dam. Eroded portions of the rock
cover and gully erosion on the dam crest and upstream slope are periodically
repaired by dumping additional rock in the eroded areas. The rock is waste

from a local iron ore mine and is generally quite dense.

Erosion protection is also afforded by the vegetation growing on the upstream
slope of the dam from the crest to the lake level. Some erosion is anticipated

to continue in areas not protected by the rock cover.

The crest and downstream slope of the dam are vegetated with grass, brush
and large trees (Photo 2). The trees have grown to substantial size, some as
large as 24 to 30 in. in diameter. Some trees of this size have been cut down
and the stumps (Photo 3) have begun decaying. Efforts have also been made to
burn the stumps out. The presence of trees of this size, and particularly the
trees that have been cut down, is considered a deficiency. The decay of the
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root systems associated with these large trees and stumps could provide piping
paths through the embankment. It was reported to the inspection team that
the area of the breach which developed in 1978, and the seepage reported in
1979 may have been associated with piping along decaying root systems (see
Sections 2 and 6).

Mr Becker indicated a plan is underway to vegetate the dam crest and
downstream slope with grass. When completed, this should provide some
measure of erosion protection in the event of overtopping. However, this

protection could not be evaluated at the time of the visual inspection.

No evidence was noted during the visual inspection of displacement of the
vertical or horizontal alignment of the dam crest. However, Mr Becker
reported that in 1978 the dam had been breached, apparently by internal
erosion along a decayed tree root. As the breach developed, siphons were
installed over the spillway to attempt to lower the Jake level. These siphons
were eventually used to lower the lake below the breach in order to facilitate
repairs. The siphons are no longer in place. A notch was cut 30 ft wide at the
level of the dam crest and approximately 6 ft wide at the base of the dam.
This area was backfilled with locally-obtained compacted clay. More trees

were cut from the dam following this breach.

No seepage was noted at the toe of the embankment during the visual
inspection. A swampy area of standing water is located approximately 40 ft
downstream of the toe of the dam. This standing water was reported to be a
permanent feature, independent of seasonal precipitation. It could be the
result of natural seepage and springs, or seepage from the reservoir. No rate

of flow could be determined and no soil was noted in the seepage water.

It was reported that an area of seepage developed near the east end of the
dam as the water level was rising following the repair of the breach of the
dam. Water was seeping through the embankment and rising through the road
at the toe of the dam. It was reported this occurred in the vicinity of a
decaying tree stump and may have been the result of piping and internal
erosion. Steel sheet piles were placed on the upstream side of the dam crest
in this area and appear to have controlled the seepage at present.
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Erosion of the embankment appears limited to the wavecut notch on the
upstream slope. No significant erosion was noted at the junction of the

abutments and embankment or on the downstream slope.

No sinkhole development or animal burrows were noted on the embankment or
in the vicinity of the dam during the visual inspection.

; c. Appurtenant structures.

1. Main spillway. The main spillway for Iron Mountain Lake Dam is a stone

and concrete structure located near the left (west) abutment (Fig. 3A). The

lower portion of the spillway consists of large, apparently unmortared limestone

blocks (Photo 4), reported to be 6 ft long. A 4-ft high concrete weir has been

constructed on top of the stone portion of the spillway. The concrete portion i
has two 22-in. diameter ports (Photo 5) which are closed at the upstream end :
with removable steel plates. It was reported these plates are removed to

increase discharge when the spillway overflows to a depth of 4 to 6in. Stone

and concrete wingwalls have been built upstream and downstream of the

spillway and form the upstream and downstream channels.

The upstream wingwall to the left (west) of the spillway continues along the
upstream slope of the dam to the left abutment. Although this area is slightly
lower than the crest of the rest of the dam, overtopping of this area is not
considered to pose a hazard to the dam due to the erosion resistance of the
concrete wall.

Some minor cracking was noted in the concrete portion of the spillway, ‘
specifically above the outlet ports. This cracking appeared to be old and may !
have been due to shrinkage following the construction. It did not appear to '
pose a hazard to the stability of the concrete weir. Some seepage was X
occurring through the rock portion of the spillway wall, but did not appear to
pose an unusual hazard to the dam.

There did not appear to be a significant potential for obstructing the spillway
during flood flows.
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i 2.  Auxiliary spillway. The auxiliary spiliway is located at the right (east)

end of the embankment (Photo 6). It consists of a broad grass-covered area, an
unpaved road, and a concrete-~overed slope (Photo 7) on the downstream side
of the road. The auxiliary spillway was reported by Mr Becker to have
overflowed periodically during heavy spring rains. No erosion is anticipated in
this area due to the flat gradient and concrete slope-cover adjacent to the

roadway. The roadway crossing the auxiliary spillway was reported to be

impassible during heavy flood flows.

d. Reservoir area. The slopes surrounding the reservoir are relatively flat, and no
signs of unstable slopes were identified during the visual inspection. The area

immediately surrounding the reservoir has scattered residential development

(Overview Photo) and sedimentation is not anticipated to be significant. The
reservoir was drained following the breach which occurred in 1978. Mr Becker

reported that very little sediment had accumulated in the reservoir area.
The drainage basin above the reservoir consists of predominantly wooded hills
and pastureland. Sedimentation from this drainage basin is not anticipated to

be significant.

e. Downstream channel. The downstream channel for the main spillway flows

beneath a wooden plank bridge (Photo 8) and into the natural stream channel.
Rocky pinnacles and pieces of concrete and rock from a bridge that used to
cross the spillway are present as minor obstructions in the downstream
channel, but do not appear sufficient to significantly retard flood flows. It ‘
was reported by Mr Becker that flood flows have reached nearly to the base of
the bridge. Flows of sufficient depth to reach the bridge would likely be
capable of damaging or destroying the bridge, which could result in obstruction

of the channel.

The downstream channel for the auxiliary spillway is moderately to densely

—

overgrown with brush and small trees and would likely be subject to some
obstruction. The banks of this channel appear subject to erosion by flood

e T

flows. However, the distance of this channel downstream of the dam
embankment indicates erosion in this area will not pose a significant hazard to
the dam.
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Evaluation

Based on the findings of the visual inspection of this dam and appurtenant
structures, the dam is judged to be in very poor condition.

The dam breached in 1978, probably as a result of piping along decaying roots. The
area of seepage that developed near the right end of the dam and required
installation of sheet piles may have also been occurring along decaying root
channels. The number of large trees that have been cut from the embankment
leaving root systems to provide potential piping paths suggest similar conditions will
continue to develop at this dam. The lake level has not reached the normal
operating level since refilling began following the draining of the lake through the
breach. As the lake level rises, seepage pressures will rise and the potential for
seepage and piping will increase. Frequent and careful inspection of the dam will be

necessary to assess the condition of the dam as filling progresses.




4.1

a.z

15

SECTION 4
OPERATIONAL PROCEDURES

Procedures

No records of formal operational procedures were identified for this facility.
Mr Becker reported that the 22in. ports through the spillway weir are opened
manually when flow over the spillway weir reaches 4 to 6 in. deep. This operation
involves someone walking on a very narrow ledge on the downstream side of the weir
and prying the steel plates off the upstream end of the ports. This procedure is
judged extremely hazarous during times of flow over the spillway. It is recom-
mended that alternate methods of opening these ports be designed and implemented.

Maintenance of the Dam

No formal maintenance program was identified at this dam. The visual inspection
and interview with Mr Becker identified several maintenance practices which are
being done at this facility.

A number of large trees have been cut from the embankment. These have
apparently been cut without any guidance from an engineer experienced in main-
tenance of dams. It was reported by Mr Becker that the breach of the dam and the
area of heavy seepage were both associated with a decaying stump and roots. This
demonstrates the need for engineering guidance in removal of trees. Indiscriminate

removal of trees can jeopardize the safety of the dam.
Mr Becker reported a program is underway to vegetate the dam with grasses. This
program had just begun and the success of this program could not be evaluated at

the time of the visual inspection.

It was also reported that repairs are made periodically to the rock cover erosion

protection on the upstream slope. Waste rock from a nearby iron mine is dumped
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onto the upstream slope where needed to fill eroded or washed out portions of the

rock cover.

No other evidence or records of maintenance were found for this dam.

8.3 Maintenance of Operating Facilities

No records were available of maintenance performed on the operating facilities

at this dam.

4.4 Description of Any Warmning System in Effect

The visual inspection did not identify any warning system at this dam. However,
Mr Becker reported that as the dam began to fail in 1978, warnings of possible
flooding downstream were published in local papers and broadcast over local radio
stations. It is thus apparent that a program to alert downstream residents could be

implemented for the facility.
4.5 Evaluation

A program of maintenance procedures is in effect at this facility. However, some
of these procedures appear ill-advised, such as the indiscriminate cutting of trees from
the embankment. It is recommended that this program of maintenance be reviewed

and revised as needed by an engineer experienced in the design, construction and

maintenance of earth dams.
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SECTION 5
HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design data. No hydraulic or hydrologic information was available for
evaluation of the dam or reservoir; however, dimensions of the dam were
surveyed in the field. The survey data were furnished by James F. McCaul, 111
and Associates of Potosi, Missouri. Other relevent data were measured in the
field or estimated from topographic maps. The maps used in the analyses were
the USGS Iron Mountain Lake, Ironton, and Graniteville, Missouri, 7.5-minute
quadrangle maps.

b. Experience data. No recorded rainfall, runoff, discharge, or pool stage

historical data were found for this reservoir. No record or evidence of

overtopping of the dam was found during the visual inspection.

C. Visual observation.

1. Watershed. There is some residential development in the area
immediately around the lake; otherwise, the watershed is undeveloped and
covered with forest and pastureland. The reservoir area at normal pool
elevation is about | percent of the total drainage area of 12.4 miz.

2, Reservoir. The reservoir and dam are described in Section 3 of this
report and by the maps and photographs enclosed herewith. The primary use
of this impoundment is for recreation.

3. Spillway. The main spillway, located close to the west end of the dam, is
a drop spillway with a level concrete crest. The spillway is made of stone,
masonry and concrete and has a 15 ft vertical drop.
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The 22-in. diameter ports through the spillway weir were considered
closed for the overtopping analysis.

The auxiliary open-channel spillway lies on the grass-lined natural ground
at the east end of the dam. A roadway along the toe of the dam crosses the

spillway.

Qvertopping potential. One of the primary considerations in the evaluation of

Iron Mountain Lake Dam is the assessment of the potential for overtopping and
consequent failure by erosion of the embankment. Since the auxiliary spillway
of this dam is grass-covered earth, some erosion at the control section of the
spillway due to high velocity discharge can be expected. However, this
spillway is located away from the maximum section of the dam and erosion is
not anticjpated to pose a significant hazard to the safety of the dam. Erosion
is not anticipated to be significant at the rock and concrete-lined main
spillway. The lowest portion of the dam crest, which is near the middle of the
dam, was considered to be the top of dam for the purpose of evaluating the
overtopping potential.

Hydrologic analyses of this dam for the 1 and 10 percent probability-of-
occurrence and Probable Maximum Floods (PMF) were all based on initial
water surface elevations equal to the main spillway crest elevation. The
results of the analyses indicate that a flood of greater than 10 percent of the
PMF will overtop the dam. The PMF is defined as the flood event that may be
expected to occur from the most severe combination of critical meteorologic
and hydrologic conditions that are reasonably possible in the region. The
analysis also indicates that the spillways will not be able to pass the 1 percent
probability-of-occurrence (100 year) flood event without overtopping the dam.
The 1 percent probability-of-occurrence flood event is the precipitation event
that has a 1 percent chance of occurring in any year, or occurs on the average
once every 100 years. The combined total spillway capacity at maximum pool
elevation (minimum top of dam) is approximately 3800 ft3/sec (2600 ft3/sec
main spillway, 1200 ft3/sec auxiliary spillway).

The following overtopping data for various flood events were computed for the
dam, assuming no erosion of the spillways or the embankment.
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Maximum Maximum . Duration
Reservoir Depth Over %i:lfrlzl:vm of
Precipitation Elevation, Dam, 3 ' Overtopping,
Event ft (MSL) ft ft”/sec hrs
1% Prob 1060.6 0.7 6700 3.2
10% PMF 1059.7 0.0 3500 0
50% PMF 1062,2 2.3 21,000 8.8
100% PMF 1063.7 3.8 42,500 14.5

The "Recommended Guidelines for Safety Inspection of Dams" require signifi-
cant hazard dams in the small size classification to pass a spillway design
flood between the 1 percent probability-of-occurrence (100 year) flood and
30 percent of the PMF. On the basis of the large impounded volume for this
small dam, 50 percent of the PMF is the recommended spillway design flood.

It should be noted that at 100 percent of the PMF the depth of overtopping
may reach 3.8 ft and the dam may be overtopped for 14.5 hours. Overtopping
for this duration and depth is judged sufficient to develop a breach of this
dam. At the maximum pool level of 1059.9, the velocity of flow in the
auxiliary spillway may reach 7.2 ft/sec which may be erosive to the unlined
portion of the auxiliary spiliway.

Input data and output summaries for the hydrologic and hydraulic analyses are
presented in the attached Appendix B.
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual inspection. The visual observations and discussion with Mr Becker

identified a deficiency which could affect the structural stability of the

embankment. This deficiency is the presence of large trees and stumps on the
embankment. The reports by Mr Becker that the breach of the dam in 1978

and the extensive seepage in 1979 were associated with tree stumps suggest

that similar problems may develop in the vicinity of other stumps. The
decaying roots from the stumps could provide piping paths through the dam. !
The number of stumps identified on the dam and the trees still standing
indicate this potential is a major cause for concern regarding the stability of

the embankment.

The reservoir has not risen to its normal operating level, the main spillway :H
crest elevation, since draining the lake through the breach in 1978. As the
lake level rises, seepage pressures and hydraulic head will increase and areas of
seepage could develop. Evidence from past performance indicates this
seepage could produce piping and internal erosion and jeopardize the stability
of the embankment. The presence of dense brush on the downstream slope ‘_
may obscure evidence of this potential seepage. It is recommended that the l
downstream slope be cleared of brush that could inhibit the inspection of the
dam. ‘

The spillways and discharge channels appear to be in generally good condition.
Erosion is unlikely in the main spillway due to the concrete lining and exposed
bedrock. The concrete lining and flat gradient of the auxiliary spillway
indicate significant erosion is unlikely in the area. Some erosion could occur
along the banks of the downstream channels, but will not pose a hazard to the
dam due to the distance from the embankment.
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b.  Design and construction data. The dam was constructed in 1847. No records
were available regarding design or construction of the dam. Seepage and

stability analysis as per the "Recommended Guidelines for Safety Inspection of
Dams" were not available which is considered a deficiency.

c.  Operating records. No records were available of operations, historical water

levels, or flood discharges at this dam. Mr Becker reported a breach which
occurred near the main spillway and drained the lake, and the development of
an extensive seepage area near the east end of the dam.

In 1978, during spring flooding, an area of heavy seepage developed to the

right of the main spillway in the vicinity of a decaying tree stump. Efforts to
stop the seepage included driving steel sheet piles into the dam. Seepage
increased several days later and a breach of the dam developed. Siphons were
eventually used to lower the lake below the bottom of the breach. The breach
was widened to about 30 ft at the top and 6 ft at the bottom. This area was
then backfilled with compacted clay. The reconstructed portion of the dam is
slightly wider than the remainder of the dam section.

As the lake was being refilled in 1979, following the repair of the breach,
another area of seepage developed about 150 feet west of the east end of the
dam, again in the vicinity of a decaying tree stump. Seepage was described by
Mr Becker as coming through the embankment and later, rising through the
road at the toe of the dam. Repairs were again made by driving steel sheet
piles into the dam in the vicinity of the stump. This appears to have cut off
the seepage. No evidence of seepage was noted at the time of the visual
inspection. However, the lake has not risen to the spillway crest elevation

since refilling began following the breach.

d. Post construction changes. In addition to the repair of the breach and sheet

pile remedial work described above, post construction changes have been made
to the main spillway. A bridge and two fish ladders were washed away from
the main spillway in approximately 1950. At that time, a 4-ft high concrete
weir was added to the crest of the spillway. The concrete slope cover on the
downstream side of the auxiliary spillway also appears to be a recent feature
but no construction data were available.
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Seismic stability. The dam is located in Seismic Zone 2, to which the

guidelines assign a moderate damage potential. During a seismic event,

liquefaction of the embankment materials is unlikely. However, without
knowledge of the static stability of the dam or the soil properties of the
embankment materials, the seismic stability cannot be evaluated.
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SECTION 7
ASSESSMENT/REMEDIAL MEASURES

Dam Assessment

a.

b.

Safety. Based on the visual inspection and analysis of available data, the dam
is judged to be in very poor condition. This assessment is based primarily on
the history of the breach and seepage which developed at this dam, possibly
along piping paths resulting from decaying root systems. The size of the trees
on the embankment and the number of stumps where trees have been cut down
indicate that similar seepage areas will likely continue to appear and pose a
hazard of dam failure. Extensive remedial work would be required to remove
the stumps and roots in a safe manner. Continued and frequent inspection of
the embankment is recommended to allow emergency measures to be taken

when and if seepage develops on the dam.

Hydraulic/hydrologic analyses of the dam and appurtenant structures indicate
the dam will be overtopped by a flood greater than 10 percent of the Probable
Maximum Flood (PMF). The | percent probability-of-occurrence flood (occurs
on the average once every 100 years) will overtop the dam by 0.7 ft. The
relatively narrow embankment section and moderately erodible soil used in
construction of the dam suggest overtopping would likely produce an effective
breach of this dam. Based on the relatively large storage capacity for ths
dam, 50 percent of the PMF is recommended as the spillway design flood for
this small, significant hazard dam.

Seepage and stability analyses comparable to the requirements of the "Recom-
mended Guidelines for Safety Inspection of Dams" were not available. This is
considered a deficiency which should be rectified.

Adequacy of information. The visua! inspection and analysis of data obtained
on this dam provided sufficient information to support the conclusions

presented in this Phase I inspection report. Seepage and stability analyses
comparable to the recommended guidelines are not on record. This is
considered a deficiency which should be rectified.
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c. Urgency. The deficiencies described in this report for Iron Mountain Lake
Dam have already resulted in a breach of the dam in 1978. Continued
deteoriation of the dam is likely. Remedial measures to correct these
deficiencies should be initiated immediately.

d. Necessity for Phase II. In accordance with the "Recommended Guidelines for

Safety Inspection of Dams," the subject investigation was a minimum study.
This study revealed that additional in-depth investigations are needed to
complete the assessment of the safety of the dam. Those investigations which
should be performed immediately are described in Section 7.2b. It is our
understanding from discussions with the SLD that any additional investigations

are the responsibility of the owner.

7.2 Remedial Measures

a. Alternatives. There are several general options which may be considered to
reduce the possibility of dam failure or to diminish the harmful consequences

of such a failure. Some of these options are listed below.
1. Remove the dam, or breach it to prevent storage of water.

2, Increase the height of dam and/or spillway size to pass the spillway
design flood (50 percent of PMF) without overtopping the dam.

3. Purchase downstream land that would be adversely impacted by dam

failure and restrict human occupancy.

8, Provide a highly reliable flood warning system (generally does not
prevent damage but diminishes chances for loss of life).

b. Recommendations. Based on our inspection of Iron Mountain Lake Dam, the

recommendations listed below should be addressed immediately.

1. An evaluation should be made immediately of the feasibility of, and
modifications necessary, to allow removal of the trees and stumps on the
embankment, and subsequent repairs to the dam.
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2. Seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams" should be performed
and made a matter of record. Such analyses should consider all appropriate
loading conditions, including seismic loads, and should be made by an engineer
experienced in the design and construction of earth dams.

3. A detailed hydraulic/hydrologic analysis should be performed to design a
spillway and discharge channel system capable of passing the spillway design
flood without overtopping the dam. The modification to the spillways and
discharge channels should be designed to prevent erosion.

4. A procedure for a flood warning system should be formalized to
facilitate the timely alerting of downstream residents in the event emergency

conditions develop at this dam.

5. In lieu of these recommendations, it may be necessary to breach the dam
in a controlled manner, to mitigate the hazard posed by this dam.

O & M procedures. In view of the condition of this dam and the history of

problems, it is recommended that a program of periodic inspections and
maintenance be initiated immediately. The following items should be

included, as a minimum, in this program.

1. Inspect, at frequent intervals, the embankment and area adjacent to the
toe for evidence of seepage. This inspection should note any change in the
amount of seepage, or evidence of turbidity (soil) in the seepage water.

2, Inspect the embankment for evidence of slope instability such as
cracking or slumping.

3. Inspect and repair the upstream slope where erosion or slumping of the
rock cover has occurred.
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4. Remove brush from the downstream slope of the dam to facilitate
inspection of the embankment. Removal of large trees should only be done
under the supervision of an engineer experienced in the design, construction,
and maintenance of earth dams. Indiscriminate removal of large trees could
jeopardize the safety of the dam.

All remedial measures should be performed by or under the supervision of an

engineer experienced in the design, construction and maintenance of earth
dams.
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1. Upstream slope of Iron Mouriain
Lake Dam. Note rock for erosion
control and steep eroded portion
above top of rock. Also note
trees growing on dam. Reservoir
is out of the picture to the right.
Looking east.

2. Downstream slope of dam. Note large trees on
the embankment. Looking southeast.




3. Stump of tree which has been
cut from embankment. Clipboard
is approximately 12-in. long.
Looking east along downstream
slope of dam.

4. Main spillway wall. Lower portion consists
of stone blocks, upper portion is 4 ft tall
concrete weir. Looking southeast.

I ———




5. Concrete spillway weir. Note two 22-in.
ports through concrete portion cof spillway.
Looking southwest from east side of spiliway.
Note stone wingwall upstream of spillway.

6. Auxiliary spillway at right (east) end of dam.
Looking east.




7. Concrete-covered slope below auxiliary spillway.
Looking southeast from left bank of downstrean

channel.

8. Plank bridge over main spillway discharge
channel. Looking downstream (north).
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APPENDIX B
Hydraulic/Hydrologic Data and Analyses

Procedures

a.

General. The hydraulic/hydrologic analyses were performed using the "HEC-1,
Dam Safety Version (1 Apr 80)" computer program. The inflow hydrographs
were developed for various precipitation events by applying them to a
synthetic unit hydrograph. The inflow hydrographs were subsequently routed
through the reservoir and appurtenant structures by the modified Puls
reservoir routing option.

Precipitation events. The Probable Maximum Precipitation (PMP) and the 1
and 10 percent probability-of-occurrence events were used in the analyses.
The total rainfall and corresponding distributions for the ! and 10 percent
probability events were provided by the St. Louis District, Corps of Engineers.
The Probable Maximum Precipitation was determined from regional curves
prepared by the US Weather Bureau (Hydrometeorological Report Number 33,
1956). The PMP distribution was computed by the HEC-! program using the
standard EM-1110-1411 method.

Unit hydrograph. The Soil Conservation Services (SCS) Dimensionless Unit
Hydrograph method (SCS, 1971, Hydrology: National Engineering Handbook,
Section 4) was used in the analysis. This method was selecte? because of its
simplicity, applicability to drainage areas less than 10 mi~, and its easy
availability within the HEC-1 computer program.

Due to the unusual shape of the watershed and the large drainage area, the
entire drainage area was divided into the following two smaller watersheds.

l.  Mud Creek Watershed (4.65 square miles)
2.  Middlebrook Creek Watershed (7.75 square miles)

For the purpose of computing the time of travel, each subarea was further
subdivided into two parts. The SCS "Curve Number Method" was used to
calculate time of travel for the upper portion of the subareas where the
overland flow predominates, whereas the time of travel for the lower portion
of the subarea was computed assuming average velocity of flow of 2.5 ft/sec
in the channel. The two time of travels, thus computed, for the upper and
lower portions were added to compute the total time of concentration for the
subarea.

The following empirical relationship was used to calculate the lag time using
the SCS "Curve Number Method".

208 ()07

L = (Equation 15-4)
1900 Y93 9

———
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lag in hours
hydraulic length of the watershed in feet
1000 10

CN

CN = AMC II hydrologic soil curve number as indicated in Section
B.2e.
Y = average watershed Jand slope in percent.

where: L =
L =

1]

B

U

This empirical relationship accounts for the soil cover, average watershed
slope and hydraulic length.

With the lag time thus computed, another empirical relationship is used to
compute the time of travel as follows:

oL (Equation 15-3)
t - 0.6
u
where: T t = time of travel in hours, upper portion of subarea.

The time of travel for the lower portion of the subarea was computed using
the following relationship:

ol _ 2 (Equation 15-1)

—

t = 3600v

where: ')
v

hydraulic length in ft
velocity of flow in ft/sec.

| The total time of concentration, TC, was computed adding the two time of
travels as follows:

R 1
Tc_'['t+Tt

The empirical relationship (TC = Ol"z) was used to calculate the total lag time
for the basin. '

Mud Creek Watershed
Upper Area:

L = 4400 ft
CN = 63
s = 59
Y = 9.5
3 Lower Area:
hydraulic length = 14,000 ft
velocity of flow = 2.5 ft/sec




e.

f.
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Middlebrook Creek Watershed
Upper Area:

2 = 6000 ft
CN = 70

s = 4.3

Y = 12.5

Lower Area:

hydraulic length

= 30,000 ft
velocity of flow = 2,

5 ft/sec

Subsequent to the computation of the time of concentration, the unit
hydrograph duration was approximated utilizing the following relationship:

AD = 0.133T (Equation 16-12)
where: AD = duration of unit excess rainfall
Tc = time of concentration in hours.

The final duration was selected to provide at least three discharge ordinates
prior to the peak discharge ordinate of the unit hydrograph. For this dam, a
unit hydrograph duration of 15 minutes was used.

Infiltration losses. The infiltration losses were computed by the HEC-1
computer program internally using the SCS loss function. The curve number of
SCS loss rate procedure was established taking into consideration the variables
of: (a) antecedent moisture condition, (b) hydrologic soil group classification,
(c) vegetative cover and (d) present land usage in the watershed. In addition,
the computed basin loss was reduced proportional to the impervious area in the
drainage basin.

Antecedent moisture condition Il (AMC IIl) was used for the PMF events and
AMC II was used for the | and 10 percent probability events, in accordance
with the guidelines. The remaining variables are defined in the SCS procedure
and judgements in their selection were made on the basis of visual field
inspection.

Starting elevations. Reservoir starting water surface elevations for this dam
were set as follows:

(1) 1 and 10 percent probability events - main spillway crest elevation
of 1055.2 ft

(2) Probable Maximum Storm - main spillway crest elevation of
1055.2 ft

Spillway Rating Curve. The basic weir equation was utilized to compute the
main spillway rating curve. The weir equation is as follows:
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Q = cLu?
where Q = discharge in cubic feet per second
L = effective length of spillway in feet = 72,5 ft
C = coefficient of discharge = 3.33
H = total head over spillway in feet

The HEC-2 computer program was used to compute the auxiliary spillway
rating curve using the spillway cross section and assuming critical depth over
the spillway.

B.2 Pertinent Data

a.

e.

go

i.

Drainage area. 12.4 miz.

Storm duration. A unit hydrograph was developed by the SCS method option of
HEC-1 program. The design storm of 48 hours duration was divided into equal
intervals equal to the unit hydrograph duration of 15 minutes.

Lag time. 1.5 hours (Mud Creek); 2.5 hours (Middlebrook Creek)

Hydrologic soil group. B & C (Mud Creek); C (Middlebrook Creek)

SCS curve numbers.

1. For PMF- AMC NI - Curve Number 80 (Mud Creek), 85 (Middlebrook
Creek)

2, For I and 10 percent probability-of-occurrence events - AMC 1l - Curve
Number 63 (Mud Creek), 70 (Middlebrook Creek)

Storage. Elevation-area data were developed by planimetering areas at
various elevation contours on the USGS Iron Mountain Lake 7.5-minute
quadrangle map. The data were entered on the $A and SE cards so that the
HEC-1 program could compute storage volumes.

Outflow over dam crest. As the profile of the dam crest is irregular, flow
over the crest was computed according to the "Flow Over Non-Level Dam
Crest" supplement to the HEC-1 User's Manual. The crest length-elevation
data and hydraulic constants were entered on the $D, $L, and $V cards.

Outflow capacity. The main spillway rating curve was computed using the
weir formula. The auxiliary spillway rating curve was developed from the
cross section data of the spillway, using the HEC-2 backwater program. The
rating curves for both spillways were combined. The results of the above
were entered on the Y4 and Y5 cards of the HEC-1 program.

Reservoir_elevations. For the 50 and 100 percent of the PMF events, the
starting reservoir elevation was 1055.2 ft, the spillway crest elevation. For
the | and 10 percent probability-of-occurrence events, the starting reservoir
elevation was also 1055.2 ft, the main spillway crest elevation.
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Results

The results of the analyses as well as the input values to the HEC-1 program follow
in this Appendix. Only the results summaries are included, not the intermediate
output. Complete copies of the HEC-1 output are available in the project files.
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