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PREFACE

This report is prepared under guidance contained in Department of the
army, Office of the Chief of Engineers, Recommended Guidelines for BSafety
Inspection of Dams, for a Phase I Investigation. The purpose of a Phase I
Investigation is to identify expeditiously those dams which may pose hazards
to human life or property. The assessment of the general condition of the dam
is based upon available data and visual inspections. Detailed investigation,
and analyses involving topographic mapping, subsurface investigations, test-
ing, and detailed computational evaluations are beyond the scope of a Phase T
Investigation; however, the investigation is intended to identify any need for
such studies,

In reviewing this report, it should be realized that the reported condi-
tion of the dam is based on observations of field conditions at the time of
inspection along with data available to the inspection team. 1In cases where
the reservoir was lowered or drained prior to inspection, such action, while
improving the stability and safety of the dam, removes the normal load on the
structure and may cbscure certain conditions which might otherwise be detect-
able if inspected under the normal cperating environment of the structure,

The analyses and recommendations included in this report are related to
the hazard classification of the structure at the time of the report. Future
changes in conditions downstream of the dam may change the classification of
the structure from that presented herein. A change in hazard classification
may also change the design flood on which the hydraulic and hydrolagic analy-
ses are based and may have a significant impact on the assessment of the
safety of the structure.

It is important to note that the condition of a dam depends on mmerous
and constantly changing internal and external conditions, and is evolutionary
in nature. Tt 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 continued care and inspection can there be any chance
that unsafe conditions will be detected.

Golder Associates



PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name cof Dam: " 7 Black Mountain Keservoir Dam

State Located: North Carolina

County Located: Bunconbe

Stream: Tributary to Swannanca River

Date of Inspection: July 15, 1980 and August 20, 1980
ASSESSMENT

Black Mountain Reservoir Dam is an earthfill structure with a maximum height
of 45.5 ft. and maximum storage capacity of 55.9 ac-ft. The size classifi-
cation is "medium" under State criteria and "intermediate" under Federal
criteria. The hazard classification is "high" under both State and Federal
criteria, The reservoir is owned and operated by the city of Black Mountain
and was completed in 1935. Two lakes and three houses were noted downstream
between the dam and Interstate 40. The nearest town is Black Mountain (popu-
lation 3204}, approximately 2 miles downstream. ;

The dam appeared reasonably maintained. However, the lower third of the em—
bankment is wet with seepage. Some small springs were also noted downstream
of the toe. |

Based on the COE regional PMF equation the dam overtops by 2.8 £t. in the PMF
(Federal SDF) and by 1.8 ft. in the]ﬁgPMF (State SDF). Therefore, the spill-
way capacity is considered to be seriously inadequate. Some localized slump-
ing and slope movement was observed on the lower portion of the downstream
slope. These movements are aggravated by the seepage through the dam. How-
ever, the embankment is not considered unstable at this time. Based on the
spiliway inadequacy, the dam is considered unsafe until remedial measures are
implemented, or until further study proves otherwise. Further investigation
is recommended to determine the reguired spillway moedifications, the best
method of controlling the seepage and the overall embankment stability.
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§04-1167 ~-2- September 1980
Black Mountain Reservoir Dam

PHASE I INSPECTION REPORT

BLACK MOUNTAIN RESERVOIR DaM

BUNCOMBE COUNTY

Principal Contributors

* William F. Brumund, P.E. Principal

* J. Edmund Baker, Jr., P.E. Hydrologist

¥ Teo K. Overmann Geotechnical Engineer

* Jeffrey E. Fish Fngineering Technician
John F. Clerici, P.E. ' Geotechnical Engineer
Richard M. Suever Geotechnical Engineer
Hugh M. Gauntt, P.E. Geotechnical Engineer

All of the above are with Golder Associates, Inc. and those
denoted by {(*) were participants in the field inspections.
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Black Mountain Reservoir Dam

September 1980

BLACK MOUNTAIN RESERVOIR DAM

BUNCOMBE COUNTY

This repert was reviewed for compliance with the National Guidelines and the

State of North Carolina Dam Safety Program.

The following personnel were involved in inspection or review of the report:
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Charles H. Gardner, C.P.G., P.E.
William P. Welden, P.E.

Richard A. Phillips, P.E.
William H. Allen

Richard D. Moore

Dennig G. Owenby

Dcnald C. Holebrooks

H. B, Withers, III., E.I.T.
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Regional Engineer
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804-1167

—h September 1580

Black Mountain Reservoir Dan

1.1

PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

BLACK MCUNTAIN RESERVOIR DAM

NATIONAL, INVENTORY NO. — NC 1247

STATE INVENTORY NO. - 11-007-H

SECTION I - PFROJECT INFORMATION

General

a.

b.

Authority: Public Law 9§—367

Purpose of Inspection:

To assess the general condition of the dam and its appurtenances;
evaluate its hydraulic and hydrologic capacities, identify hazavd
to human life and property, and determine the need for additional
study.

Description of Project

a.

Description of Dam and Appurtenances.

The dam ig an earthfill structure, 45.5 £t. high and impounds &
maximum of 55.9 ac-ft. & 12 £t. wide weir on a concrete base
servas as both principal and emergency spillway. The spillway
flows into a lower lake, from which water can be pumped back into
Black Mountain Reservoir. A chlorinator house is downstream of the
dam.

Location.

Black Mountain Reservoir Dam is located on a small tributary to the
Swannanoa River in Buncombe County, W.C. and is shown on the Black
Mountain, North Carolina 7.5 minute USGS/TVA quadrangle at latitude
35936'38"N, and longitude 82°17'14"w. The dam is approximately
2 miles upstream of the town of Black Mountain (pop. 3204). Fig-
ure 1 shows the location of the dam and a copy of a portion of the
guadrangle ig included in Appendix B,

Golder Associates



804-1167

=5, September 1580

Black Mountain Reservoir Dam

8ize Classification.

The size classification of the dam is "intermediate" under Federal
criteria and is "medium™ under State criteria (45.5 ft. high and
55.9 ac-ft., of stdrage}. :

Hazard Classification.

The dam is classified as "high" hazard under both State and Federal
criteria.

Ownership.

Town of Black Mountain

225 W. State Street

Black Mountain, W.C. 28711

Attn: Mr. Earnest Hudgins, Town Manager

Purpose of Dam.

Water Supply

Design and Construction History.

According to a metal plague located on the chlorinator house near
the dam's toe, the dam was designed and constructed between 1933
and 1935 by the Emergency Relief Administration of North Carolina.
However, no design or construcktion records were found. There was no
SC5 involvement in the design or construction of the dam.

Normal Operational Procedure(s).

Normal peool is maintained. Water is pumped from a lower lake as
required to maintain maximum water supply storage.

Pertinent Data

Drainage Area,. 281 acres

Discharge at Damsite.

Maximum known flocd at damsite: Undetermined
Normal flow at static pool level: Approx. 1 cfs
Low stage spillway capacity: 350 cfs

Golder Associates



804-1167

-6 Septembher 1980

Black Mountain Reservoir Dam

Intermediate stage spillway capacity: N/A
Energency spillway capacity Low stage spilllway serves
at maximum pool elevakion: as emergency splllway

Gated spillway capacity
at pool elevation: N/A

Gated spillway capacity
at maximum pool elevation: N/A

Total spilliway capacity

 at maximum pool elevation: 350 cfs

Elevation,

The normal pocl elevation is approximately 2605 £t-MSL as deter-
mined from the Black Mountain 7.5' guadrangle. The elevations for
this report are taken from an assumed datum of 100 feet. The
agsumed datum is not intended to be tied into any existing eleva-~
tion,

Top of Dam: 9.2 ft. (low
point)

Maximum pool-design surcharge: 99,2 ft.

Full flood control pool: N/A
Recreation Pool: 96.5 ft.
Emergency splllway crest (ungated): N/A

Upstrean invert low stage spillway: 96.5 £t.
Downstream invert low stage spillway: N/A

Lowest natural elevation at downstream

toe of dam: 53.7 ft.

Maximum tailwater: Unknown

Reservolr.

Length of maximum pool: Approximately
450+ £t.

Length of recreation pool: approximately
450 ft.

Golder Associotes



804-1167

Black Mountaln Reservoir Dam

Length of flood control pool:
Storage.

Recreation pool:

Flood control pool:

Design surcharges

Top of dam:

Reservoir Surface.

Top of dam:

Maximum pool:
Flood-control pool:
Recreaticn pool:
Spillway crest:
Dzm.

Type:

Length:

Structural Helght:
Hydraulic Helght:

Top Width:

Side Slopes: Upstream and
downstream:

Volume of Dam:

Zoning:

Impervious Core:

Golder Asseciates

September 1980

/A

47.9 ac-ft.
N/A
8.0 ac—-ft.

55.9 ac-ft.

3.1 acres
3.1 acres
N/A

2.8 acres

2.0 acres

Barthfill

350 ft.

45.5 ft.

42.8 ft.

11 ft.

2.0 hof: 1.0 ver.
{locally slightly

gteeper)

44,000 cu. yds.
{estimated)

Unknown

Unknown



804-1167 -8- geptember 1980
Black Mountaln Reservoir Dam

Cutoff: Unknown
Grout curtain: Unknown
Foundation: Assumed to be
) ’ Rarth
h. Diversion and Regulating Tunnel.'’
None
i. Spillway System.
Type(s): Wooden welr board
on concrete base
Length of weir: 12 ft.
Size of Pipe or Box: ‘ N/A
Width of Channel: 15 to 20 ft,
Crest Blevation: 96.5 £t.
Low Stage: 96.5 ft.
High stage: N/L
J. Bottom drain.

Water supply intake serves as bottom drain and is operational.

ke Miscellaneous.

There are no locks or power generating facilities associated with
the dam.

Golder Associates
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804~1167 -9- September 1980
Black Mcuntain Reservoir Dam

2.1

2.2

2.3

2.4

SECTION 2

ENGINEERING DATA
Design
The dam was designed by the FEmergency Relilef Administration of North
Carolina between 1933 and 1935. Discussions with Mr. White, a city
employee associated with the dam since about 1950 and Mr. Hudgins, Town
Manager,; produced no design nor information. The SCS was not involved in
the design of the dam.,
Construction
The dam was built by the Emergency Relief Administration of North Caro-

lina. The SCS was not involved in the construction of the dam and no
construction records are available.

Cperation

The reservoir is operated by city employees in conjunction with a lower
lake for water supplies to the city of Black Mountain,

Evaluation

a. Availability.

Not available

b. Adequacy.

Unknown

C. validity.

Unknown

Golder Associates



804~1167

-10~ September 1980

Black Mountain Reservoir Dam

SECTION 3

VISUAL INSPECTION

3.1 Findings

a.a

b.

General.

Golder personnel were met at the gate to the site by Mr. White, an
employee of the city of Black Mountain. We interviewed Mr. White,
surveyed the dam, took several photographs and thoroughly inspected
the dam and reservoir area on July 15, and August 20, 1980. The
downstream area was inspected and development noted.  Pigures 2
through 6 are plan, profile and cross-section drawings from the
visual inspection.

Dam.
The following points were noted:

1. The dam is reascnably maintained with ne undesirable growth
{see Photos 2 and 3).

2. An access roadway crosses the crest and a fence is located on
the downstream shoulder of the dam {see Photo l).

3. Several stones (max. 1 f£t. dia.) were noted on the downstream
slope, mostly on lower portion.

4. Heavy seepage across lower third of the downstream slope and
at the %toe was noted {see Photo 6). Total seepage flow is
about 3 to 5 gpm. Rust coleored floc was noted but no mate-~

rials migration was chserved.

5. Several small "springs" were noted about 100 ft. downstream
of the toe. Total flow was about 1 gpm.

6. A 15 ft. wide area near the right abutment appears to have
slumped. The area 1s wet around the slump, aggravating the
condition. This slump appears to be the result of prolonged
movement.

7. Several other portions of the lower third of the downstream
slope show some signs of miner movement and excessive seep—
age. The surficial soils in these areas were soft, wet and
Spongy.

Golder Associates



804-~1167

=11~ September 1980

Black Mountain Reservoir Dam

3.2

Cu Appurtenant Structures.
The spillway weir board and concrete base were in good condition
{see Photo 4}. A cast iron pipe empties into the lake from lower
lake pumpage (see Photo 5). A pipe handrail runs from the crest of
the dam under water to the intake pipe opening on the upstream
slope of the embankment.

a. Rezervoir Area.
The valley walls are steep but no instabilities were noted.

e. Downstream Channel.
The downstream channel is moderately steep, rocky, and heavily
vegetated., Two other small lakes are dJownstream, one is owned by
the city of Black Mountain, the other is not city owned.

£. Ercsion Protection
The upstream face of the dam has no riprap but the slope does not
appear eroded. Both slopes and the crest appear adeguately vege-
tated. The spillway weir board is on a concrete base with a
3.5 ft. wide downstream apron. The spillway chammel is natural
rock and boulders. A wooden splash apron protects the outfall area
of the lower lake inflow pipe from erosion. '

g, Hazard FEvidence.
Two small lakes are downstream of the dam and both would probably
fail in the event of a failure of Black Mountain Reservoir Dam.
Further downstream there are 3 houses, a railrcad track and Inter-
state 40 (see Photo 7). There is the potential for loss of 1life in
the event of a failure of Black Mountain Reservoir Dam. The near-—
est downstream town, Black Mountain, North Carolina (pop. 3204} is
approximately 2 miles below the dam.

h. Foundation.
Appears to be founded on earth.

Evaluation

The dam is reasonably maintained, however, it has heavy seepage and may
have minor toe stability problems. The total seepage flow is estimated
to be about 3-5 gpm. Rust colored floc was present bub no material
migration was noted. There appears to be a hazard to loss of life in the
event of a failure of the dam.

Golder Associates



B04-1167 ~12- September 1980
Black Mountain Reservolir Dam

4.1

4.2

4.3

4.4

4.5

SECTION 4
OPERATICNAL, PROCEDURES
Procedures
The dam is kept at full normal pool for water supply as much as possi-
ble. DPumpage from the lower lake is used as required to maintain full

pool.

Maintenance of Dam

The dam is maintained by the city of Black Mountain. This maintenance
includes regular mowing and inspection of the embankment.

Maintenance of Operating Facilities

The operating facilities are maintained by the city of Black Mountain.
All facilities appeared operational and are regularly inspected.

Description of Any Warning System in Effect

There are no known warning systems in effect.

Evaluation

The operational procedures should include monitoring of seepage flow rate
and movement of the slump near the right abutment. Other procedures
appear adequate.

Golder Asgsociates



B04-1167

© =13~ September 1980

Black Mountain Reservoir Dam

SECTION 5

HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

=1

Design data.

No hydraulic/hydrolegic design date was found.

Experience data.

According to Mr. White, a Black Mountain city employee, the dam has
never been known to overtop.

visual observaticns.

There was no visual evidence of overtopping of the dam.

Overtopping Potential.

The appropriate spillway design flcod (SDF) based on Federal crite-
ria is the PMF and based on State criteria is the 1/2 PMF. The
results of the hydraulic/hydrologic analysis based on the COE
regional PMF equations and 8CS emergency spillway design procedursas
(NEH-4) are listed below. Supporting figures, caleculations &’
curves are included in Appendix B. A copy of a portion f the Ui

gquadrangle is also included in Appendix B.

OVERTOPPING POTENTIAL

PEAK QOVERTOPPING
Flood Inflow Elevation® Depth#** Velocity
{cfs) (£ £—T8M) (£t} {fps)
COE PMF 4945 102.0 2.8 8.8
COE 1/2 PMF 2472 101.0 1.8 7.0
scs PMF 3771 101.6 2.4 8.1
5Cs 1/2 PMF 1499 100.6 1.4 6.2

*pssume top of dam at 99.6 £t-TBM for rating calculations.

**Low point of crest (99.2 ft-TMB) used for overtopping calcula-
tions,

Golder Associates



804-1167 -14~ September 1980
Black Mountzin Reservoir Dam

SECTION &

STRUCTURAL STABILITY

6.1 Evaluation of Struckural Stability

a. visual Observations.

There appeared to be a 15 f£t. wide slump on the downstream slope
near the right abutment. The surrounding area was guite wet,
aggravating the condition. The movement appears to be gradual and
is not considered significant at this time. Other minor signs of
slope distress were observed along the downstream slope.

b. Design and Construction Data. °
Unknown.
C. Qperating Records,

Normal pool maintained. Water use and lake level records are kept
by the city of Black Mountain.

d. post Construction Changes.

There are no known post construction changes.

a. Seismic Stablility.

The dam is in Seismic Risk Zone 2, indicating a moderate probabil-
ity of damage from earthguake forces.

Golder Associotes



804-1167

-15- September 1380

Black Mountain Reservoir Dam

SECTION 7

ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Agsessment

e

safety.

Minor slope distress is present on the downstream face of the dam
but this is not considered to present a threat to the overall in—
tegrity of the structure at this time. The seepage observed on the
downatream slope contributes to this slope distress and should be
controlled. These factors are not considered a hazard to the
stability of the dam at this time.

Based on the COE regional PMF egquation the dam overtops by 2.8 bk o
in the PMF (Federal SDF). and by 1.8 ft. in the]ngMF {State SDF).
It is judged that the dam would fail under these overtopping
depths, presenting an increased hazard to loss of 1life over that
which would exist prior to the failure of the dam. Therefore, Lhe
gpillway capacity is considered to be seriously inadequate and thes
dam 1is considered unsafe until corrective measures are taken or
further investigation proves otherwise,

adequacy of Information,

Thiz study was based on data obtained from interviews, field nux-
vey, topographic maps and generalized hydrologic information.

Urgency.

Further investigation addressing enlarging the spillway, control-
ling seepage and improving embankment stability should proceed as
soon as possible upon approval of this report.

Necesgsity for additional Study.

Additional study is needed to determine the required spillway
modifications. The seepage springs and slope movement should be
investigated further to assess their effect on the overall stabil-
ity of the dam.

Golder Associates



804-1167

-16- September 1980

Black Mountain Reserveilr Dam

7.2 Remedial Measures

da

Alternatives,

The spillway capacity should be increased to an acceptable level
and possibly a toe drain installed. State dam safety laws dictate
that if the needed repairs are not implemented the lake should be
drained and the dam breached.

Qperation and Maintenance Procedures.

The existing operation and maintenance procedures are adequate but
the seepage flow rate and movement of the downstream slope should
be monitored.

Golder Associates



APPENDIX A

Pictures and Drawings
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‘ i. Black Mountain Reserveir and Dam
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2. Downstream Slope of Dam

Golder Asscciates



3. Upstream Slcpe of Dam

4. Spillway Weir Board

Golder Associates



5. Pump Outlet from Lower Lake

. Seepage Near Toe of Dam
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7. Houses Downstream of Dam
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Hydraulic and Hydrologic Analysis
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APPENDIX B

HYDRAULIC/HYDROLOGIC ANALYSIS

The hydraulic/hydrologic analysis perfermed in this study consists of the fol-
lowing 4 tasks; (1) determine appropriate spillway design flood's (SDFs),
(2) compute the peak inflow rates based on the COE regional PMF equations,
(3) compare the COE PMF inflows to those computed using 8CS methods, (4) de-
termine crest overtopping depths and velocities (if overtopped) for each peak
inflow rate. The methods used to perform each task are outlined below.

The appropriate SDFs are selected based on the height of the dam and its stor-
age capacity. The height is defined as the difference between the low point
of the crest and the lowest natural elevation at the downstrsam toe of the
dam. The storage capacity is computed to the crest of the dam. Both State
and Federal criteria are used to set the appropriate SDF based on the largest
of the height and volume size classifications and the hazard class of the dam.

The COE regional PMF equations yield a peak inflow rate for a given drainage
area and are regionalized to the geologic areas of the State. The eguations
used are those received by Mr, Charles Gardner from the Wilmington District
COE on May 23, 1978, As defined by the Wilmington District HES, a partial PMF
{i.e. /QPMF} is computed by multiplying the peak PMF inflow rate by the de-
sired fraction.

8Cs peak inflows were computed using the procedures ocutlined in the 5C5 Na-
tional Engineering Handbook, Section 4 (NEH-4), Chapter 21. This method
requires as input the drainage area, time of concentration and runoff curve
number of the watershed. The design storm is assumed to have a duration of
6 hours (unless the time of concentration of the watershed is longer than
6 hours) and a total depth of rainfall equal to the BMP values given in NEH-4
Figure 21,5, corrected for drainage area based on Figure 21.2 of NEH-4.
Partial PMFs were computed by multiplying the PMP rainfall depth by the appro-
priate fraction prior to performing the SCS computations,

Overtopping depths and velocities were determined based on detailed hydraulic
computations. A total outflow/elevation rating curve was computed for the
spillway{s) and the crest itself. This rating curve was used to compute peak
water surface elevations for each SDF peak flow rate, The overtopping depths
were determined by subtracting the low point of the crest from the peak water
surface elevation, Overtopping velocities were then computed -assuming criti-
cal flow over the crest of the dam at a depth equal to 2/3 of the overtopping
depth,

The results of the above outlined procedure are given in the table below.
Supporting hand calculations, curves and maps are included in this Appendix.

Gelder Associates



804-1167 page B-2 Black Mt. Reservoir Dam

OVERTOPPING POTENTIAL

PEAK QVERTOPPING
Flood Inflow Elevation* Depth** Velocity
(efs) {£ t—-TBM) (ft) {Eps)
COE PMF 4945 102.0 2.8 8.8
COE 1/2 puF 2472 101.0 1.8 7.0
SCs PMF 3777 10l.6 2.4 8.1
gCs 1/2 PMF 1499 100.6 1.4 6.2

*Assume top of dam at 99.6 f&~TBM for rating calculations.

**Low point of crest (99,2 ft-TMB) used for overtopping calcula-
tions.

The storage between normal pool and the top of the dam is 8.0 ac-fLt. The
runoff hydrographs from the PMF and 1/2 PMF contain 491.8 ac—ft. and
210.8 ac-ft. respectively. This is equivalent to 21.0 in. and 9.0 in. of
runoff for the PMF and 1/2 PMF respectively. The reservoir can therefore
detain 1.6% of the PMF runoff nd 3.8% of the 1/2 PMF runoff.
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APPENDIX C

Dam Inventory Forms
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