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: 20. Abstract

Pursuant to Public Law 92-367, Phase I Inspection Reports are prepared
under guidance contained in the recommended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers,
Washington, D. C. 20314. 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 conditions of the dam
is based upon available data and visual inspections. - Detailed
investigation and analyses involving topographic mapping, subsurface
investigations, testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however, the
investigation is intended to identify any need for such studies.

Based upon the field conditions at the time of the field inspection
and all available engineering data, the Phase I report addresses the
hydraulic, hydrologic, geologic, geotechnic, and structural aspects of
the dam. The engineering techniques employed give a reasonably
accurate assessment of the conditions of the dam. It should be
realized that certain engineering aspects cannot be fully analyzed
during a Phase I inspection. Assessment and remedial measures in the
report include the requirements of additional indepth study when

: necessary.\ /

Phase I reports include project information of the dam’ and
appurtengnces, all existing engineering data, operational-procedures, §
hydraulike/hydrologic data of the watershed, dam stability, visual
inspection report and an assessment including required remedial g
measures.
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigaticns.
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 investi-
gation 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 in-
vestigation and analyses involving topographic mapping, subsurface
investigations testing, and detailed computational evaluations are beyond
the scope of a Phase I investigation; however, the investigation is
intended to identify any need for such studies.

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 data available to the inspection team. In
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 obscure certain conditions which
might otherwise be detectable if inspected under the normal operating
enviromment 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 continued care and inspection
can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established guidelines,
the spillway design flood is based on the estimated "Probable Maximum
Flood" for the region (flood discharges that may be expected from the
most severe combination of critical meteorologic and hydrologic conditions
that are reasonably possible), or fractions thereof. Because of the
magnitude and rarity of such a storm event, a finding that a spillway
will not pass the design flood should not be interpreted as necessarily
posing a highly inadequate condition. The design flood provides a
measure of relative spillway capacity and serves as an aide in
determining the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the downstream
damage potential.




PHASE T REPORT
NATTONAL DAM SAFETY PROGRAM

BRIEF ASSESSMENT OF DAM

Name of Dam: Lake Cohoon Dam

State: Virginia

Countv: City of Suffolk (Formerly Nansemond County)
USCGS Ouad Sheet: Windsor, Virginia

Stream: Nanscemond River

Date of Inspection: May 7, 1979

Lake Cohoon Dam is located in the City of Suffolk 2.15 miles south of

U S Route 460 at Providence Church. The dam is an earth embankment
about 900 feet in length from abutment to abutment. The dam is 35 feet
high from the top to the toe. The top of the dam is 12 feet wide. The
dam is classified as intermediate size and significant hazard. The dam
is owned by the City of Portsmouth, Department of Public Utilities.

The purpose of the dam is water storage for the treatment plant and rec-
reatfon, for the City of Portsmouth. The dam has a concrete spillway
that is V-shaped and has a crest length of 300 feet. The spillway con-
sists of three 10-foot wide steps with each having a height of 5 feet.

Based on criteria established bv the Department of the Army, Office
of the Chief of Enginecers (OCE), the spillway is rated as inadequate.
The spillway will only pass 26 percent of the PMF, while the Spillway
Destgn Flood (PMF) will overtop the dam for 18 hours and reach a
maximum of 2.3 feet over the top of the dam, with an average critical
velocity of 8.7 feet per second. Since the spillway will not pass
1/2 of the SDF, the dam is assessed as "unsafe-non-emergency' in
accordance with guidelines presented by the Corps of Engineers. The
water level readings in the observation wells on the crest of the dam
show that the core wall is apparently not functioning and that the
stability of the dam is questionable.

Tt is recommended within 6 months that the following work be accomp-
lished:

a. The phreatic surface within the dam should be surveyed and
verified.

b. A more detailed study of the downstream flood plain and of
the Spillway Design Flood appropriate to this dam should be conducted. ]
Remed fal measures to be considered include modification to the dam,
spillway, flood plain, and/or any other method of eliminating the dan-
ger Imposed by the project.

¢. An annual maintenance and inspection program should be
initiated to help detect and control problems that may occur. ’

i1




Prepared ]

Deward M Marti & Associates, Inc.

ORAGIHVAL SIENOD 13
Submitted By: Jo=~ € WENNCDY

€sv JAMFS A. WALSH, P.E.
Chief, Design Branch

O\ G v S\ENSD BT
Recommended By: <ARL 5. A~OCRION, IN.

$av JACK G. STARR, P.E.
Chief, FEngineering-Division

Original signed by:
Approved By: Douglas L. Hallep

DOUGLAS L. HALLER
Colonel, Corps of Engineers
District Engineer

8EP 17 1973

Date

ii-a




LAKE COHOON DAM

Top of Dam

D

m

\
A

\

arlh M

Spillway - Front View

b i |




LAKE COHOON DAM

TABLE OF CONTENTS

Preface « « 5 « a2 »

Bricef Assessment

Overview. . . . . .

Table of Contents . . « « .« « &

Section 1 - Project Information

Section 2 - Engineering Data .

Section 3 Visual Inspection . . .

Section 4 Operational Procedures. .
Section 5 - Hydraulic/Hydrologic Data
Section 6 - Structural Stability . . . . .

Section 7 Assessment and Remedial Measures

Appendix T Maps and Drawings .
Appendix TIT Photographs « « o &

Appendix TTI Field Observations . .

Appendix IV Partial Report 1978 Timmons-Schnabel.

Appendix V References . . . . . . .




SECTION 1

PROJECT TNFORMATTON

1.1 Ceneral:

1.1.1 Authority: Public Law 92-367, 8 August 1972 authorized the
Seerctary of the Army, through the Corps of Englneers to Inftiate a
national program of safety inspections of dams through the United
The Norfolk District has been assigned the responsibility of

States.

supervising the inspection of dams in the Commonwealth of Virginia.
1.1.2  Purposc of Inspectfon:  The purpose is to conduct a Phase

1 Inspection according to the Ih-r_n_m_rnvn_d_m:d Cl1‘1.(1»0_]!3_0‘5__fg_r“ﬁ_:l_f_c_tx Inspec-

tlon of Dams (Appendix V, Reference 1), The mafn responsibility 1s to

expeditiously fdentify those dams which may be a potential hazard to
human life or property.

1.2 Profject Description:

1.2.1 Dam and Appurtenances: Lake Cohoon Dam is an earth embank-
ment dam 900 feet in length from abutment to abutment. The dam is 35
feet high from the top at elevation 33 to the toe at elevation -2. The
top of the dam is 12 feet wide. The upstream slope of the dam is 2.5 (H):
1(V) and 2(H) : 1(V) on the downstream side of the embankment. The up-
stream slope has stones uniformly placed 2 to 3 feet above normal pool
elevation. There is a concrete cut of wall from elevation -15 to eleva-
tion 32 along the center of the dam. The cut of wall is 12 inches wide

at elevation 32.

The dam includes a V-shaped concrete spillway which has a crest length
of 300 feet . The open end of the Vee is 121 feet wide with the
closed end extending upstream from the toe of the dam. The spillway
consists of three 10-foot wide steps with each having a height of 5
feet. The crest of the spillway is at elevation 28.0.

There is a gate house accessible by a pedestrian bridge from the top of
the dam. Within the gate house there are manuallv operated controls for
three 24-inch valves and two 30-inch sluice gates.

1.2.2 TLocation: TLake Cohoon is located 2.15 miles south of U S
Route 460 at Providence Church along State Route 604 about 0.5 miles
south of the intersection with State Route 638.

1.2.3 Size Classification: The dam has a storage capacity of 9,400

acre feet. Therefore it is classified as intermediate according to the
storage capacity.
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1.2.4 Hazard Classification: The dam is immediately upstream
from three buildings with an estimated population of 10 people, and
is therefore pivo a significant hazard classification in accordance
with scction 2.1.2 of the Recommended Guidelines for Safety Tnspec-—
tion of Dams, pub.lsh(d by the Dlplrtmunt of the Army, office of the
Chief of Engincers.  The hazard classification used to cateporize the
dams s a function of locatlon only and has nothing to do with {ts
stabflity or probability of failure.

1.2.5 Ownership:  Lake Cohoon {s owned by the City of Portsamouth,
Department of Public Utilities.

1.2.6 Purpose of Dam: Lake Cohoon is used for water storage for
the water treatment plant and recreation by the City of Portsmouth.

1.2.7 Design and Construction History: The lake Cohoon Dam was
constructed in 1912. Tn 1919 the War Department Construction Division
incrcased the height by 13 feet, raising it to elevation 33 at the top
of the dam. At the same time, a V-shaped concrete spillway was con-
structed with the crest at elevation 28 and a crest length of 300 feet.

1.2.8 Normal Operational Procedures: When pool level 1s above
splllway crest, the water automatically flows into Lake Meade. When
the pool level is below spillway crest, the water is directed by
manual operation of the valves through the 30-inch diameter pipes to

Lake Meade.
1.3 Pertinent Data:

1.3.1 Drainage Area: The dam controls a drainage area of 33.3
square miles.

1.3.2 Discharge at Dam Site:
Maximum flood - unknown

Two 30-inch outlet pipes
pool level at spillway crest . . . . . . 216 cfs.

Spillway
pool level at top of dam . . . . . . . 10,400 cfs.

1.3.3 Dam and Reservoir Data: Pertinent data on the dam and
reservoir are shown in the following table:

1-2
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Table 1.1 DAM AND RESERVOIR DATA

Elevation

Ttem

feot
m.s.1.

Reservoir

Capacity

Acre,
feet

Watershed,
inches

Length
miles

Top of Dam
Splllway crest

Streambed at the
toe of the dam

33.0

28.0

-2+

9,400

6,025

5.3

3.4

5.0

4.3




SECTTON 2

ENGTINEERING DATA

2.1 Design: The available information consists of plans pre-
pared under the direction of the War Department Office of Construction
Ouartermaster In 1919, The plans (ndlcate there is a concrete core
wall from the marl line (upper limit of the Yorktown Formation) to one
foot helow the ton of the dam.

2.1.1 Operational Record:  The dam is used as a storage facility
for the Clty of Portsmouth, Virginia., It was constructed In 1912 and
altered In 1919 to raise the clevation of the dam from elevation 20
to clevation 33, (Sce Appendix TV, Section C, paragraph 2B,for details.)
The level of the reservoir is normally regulated by water flowing over
the spillway crest into Lake Meade. The water level can also be regu-
lated by opening one or more of the gate valves located in the gate
house (see section 4 this report.)

*2.2. 1 Geologic Setting of the Dam: The dam is located in the
Coastal Plain bhvannprnphlv prnvinco ‘and is underlain by the Yorktown
Format fon of Mjiocene peolople age. The Yorktown consists generally

of preconsolidated marine sand, clay and broken shell material. West
of the Nansemond River the upper 5 to 10 feet of the Yorktown Formation
is usually orange to yellow in color before grading into its character-
{stlc gray to green color. Surrounding hilltops in the immediate dam
area arc usually capped with the Sedley Formation of Pliocene geologic
age. The Sedley is composed of fine sand and silty sand with thin
layers of silty clay. This formation averages about 10 feet in thick-

ness and was not encountered in the test borings.

*2.2.2 Available Geotechnical Data: Geologic information obtained
in conjunction with the original investigation of the dam was not avail-
able. However, a geotechnical investigation of the dam was conducted by
Schnabel Fngincering Associates in 1978. The report of this study is
included in Appendix IV. Seven soil test borings were drilled in con-
junction with the investigation, four along the crest and three along
the downstream toe of the dam. Two observation wells were installed on
the crest of the dam in conjunction with the soil test borings. An
observation well was installed on the upstrecam and downstream side of
the core wall (cutoff wall), to measure the effectiveness of the wall.

*2.2.3 Dam Foundation: The dam is founded on a layer of alluvial
sofls consisting of silty and clavev sands. This is designated as
"Stratum B" in the 1978 Report by J. K. Timmons and Associates and
Schnabel Engincering (sce Plates 2, 3 and 4 of Appendix TV.)  No
strength tests were performed on these sofls, however, total and effec-
tive friction angles of 35° and total and effective cohesions of 0
were assigned to the stratum. These alluvial soils are underlain by
clavey sands, clayey silts and silty clays of the Yorktown Formation

(Stratum C.) No strength tests were performed in this stratum.

*Information provided by Law Engineering Associates of Virginia.
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*2.2.4  Embankment: The embankment consists of two materials,
referred to as Stratum A and Al on the subsurface profiles in Appendix
IV. Stratum A, from the ground surface to a depth of 14 to 39 feet,
consists of silty to clavey coarse sand, of a very loose to firm den-
sity. Laboratory testing indicated a total friction angle of 13° and
a total cohesion of 400 psf for the Stratum A soils. The tested
effective angle of internal friction for Stratum A was 37° with 0 co-
hesfon,  The Insttu desnfty of Stratum A ranged from 80 to 897 of the
standard Proctor Maximum dry density (based on two compaction tests.)

Stratum Al, interbedded with Stratum A to a depth of 4 to 20 feet,
consists of silty clavey madium sand and silty clay of a soft to very
stiff consistency.  The strength of this stratum was not determined by
test ing, however, total and effective friction angles of 4° and 37°,
respectfvely, and total and effective cohesfons of 700 psf and 0, res-
pectively, were estimated for Stratum Al.

Stability analyses were condudedby Schnabel Fngineering Associates

fn conjunction with the subsurface investigation performed in 1978.

The loading conditions of both steady state secpage and sudden drawdown
of the reservoir were considered for both the upstream and downstream
embankment slopes.  The seepage line for steady state seepage condi-

t fons was developed from readings taken at the observation wells along
the crest of the dam. The phreatic surface used for the section used
by Schnabel in their analysis is shown on Plate 2, Appendix IV.

The results of the stability analysis are as follows:

Loading Factor of Required Min.
Surface Case Condition Safety Factor of Safety
Upstream T Sudden drawdown 1.3 1.2

of Reservoir
171 ~ Steady Seepage 1.9 X5

Downstream T Sudden drawdown 1.2 1.2
of Reservoir

TLI Steadv Seepage 1.5 1.5

2.3 Fvaluation: Borings and laboratory data have been obtained
bv Schnabel Engincering Associates in 1978. This data does not ade-
quatcely define the strength of the foundation soils, however, since no
streneth tests wore performed.  The assumed values appear reasonable
and adequate enough to accurtely evaluate the strength, however, lab-
oratory tests should be performed. Tn addition, the density of the
embankment solls was not adequately determined since only two compaction
tests were performed.

*Information provided by Law Engineering Associates of Virginia.
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SECTION 3

VISUAL INSPECTION
3.1 Findings: !

3.1.1 Ceneral: The results of the May 7, 1979 {inspection are
vecorded In Appendix TT1T. At the time of Inspectlon the pool elevatlon
wan 8.2 mus.l., about 2.5 I[nches above normal pool elevation.  There
was about 2 - 3 inches of water flowing over the spillway. There was
an inspection report available, done by J. K. Timmons and Associates in
1978,

3.1.2 Dam: There is no obvious horizontal or vertical misalignment
fn the dam. Minor undulations were observed in the downstream slope,
however, no cracking, settlement or bulging was observed. A path was
worn into the downstream slope approximately five feet up from the pool.
Minor crosion of the surface soils has resulted along the path. The ]
placed stones on the upstream slope needs to be relaid where some small

: depresstons have occured.  There 18 no obvious sloughing on the vislble
! slopes.  There was no cracking or erosion noticeable at the abutments.
Approximately 10 tree stumps were observed on the downstream slope

of the embankment to the left of the spillwayv. The trees appeared

to have been cut recently. Water level readings were taken in two
observat fon wells located on the crest of the dam. According to the E
gootechnical report enclosed in Appendix IV these wells are located

on cither side of the concrete core wall, Tn addition, two hand

auger probes were made along the downstream slope of the dam. Approxi-
mate water levels were obtained from these probes. The water level
readings obtained from the wells and probes indicated the core wall

was not functioning. A tvpical cross section of the dam with an
approximate line of seepage based on the water level readings taken

is shown on Plate 7 in Appendix 1.

3.1.3 Appurtenant Structures: The valves are in operating condition
according to the representative of the owner, however, the walkway and
gate house are in need of repairs.

3.1.4 Abutments: The abutment walls show white stains, spalling,
and actual secpage. At the left abutment wall, about 4 feet downstream
from the end of the slope wall, there is a joint showing seepage of less
than 1 GPM accumulation of mud and small roots. The abutment walls showed

signs of spalling and reinforcing bars were visible in some locations.

3.1.5 Spillway: The spillway, which had water flowing over the
crest at the time of inspectfon, had some spalling of the concrete at
the leading edge of the spillwav steps and at the joints.

Soil and water was seeping through the left spillway wall, at less

than 1 GPM. Approximately 20 feet downstream from this seepage location,
water was sceping from the embankment soils, over the concrete retaining
wall and into the spillway. The approximate location of these two areas

{s shown on plate 6 1n appendix I.




3.1.6 TInstrumentation: During the 1978 investipation by Schnabel
Fnginecering Associates (Appendix TV), four observation wells were in-
stalled. Two of the well were installed on the crest of the dam in
conjunction with the sofl test borings. Wells were also installed on
the upstream and downstream sides of the core wall to measure its effect-
fveness. Measurements in the wells were taken at the same time of the

inspection and arce Included fn Appendix T as Plate 7.

3.1.7 Reservoir Arca: The surrounding area is densly wooded.
Land adjacent to the left side of the spillway had recently been cleared
of small trees and brush., There is sti111 considerable debris (branches,
stumps, ote.) covering the ground surface. On the crest and upper part
of the downstream slope at the southernmost section of the dam, several
large tree stumps were present.  These trees had recently been cut down.

Tan flnes were clouding an approximately ten foot square area of the
downstream pool adjacent to the shoreline. The approximate location
of this area is directly down slope of observation Well B-3 (Plate
7,Appendix T ) The clouded area indicates the presence of fines
which mav Indicate niping.

Water with sofl fines was seeping through the left spillway wall at a
rate of less than 1 ogallon per minute (ppm.) Approximately 20 feet
downstream from this seepage location, water was seeping from the
embankment soils, over the concrete retaining wall and into the spill-
way at a rate of less than 1 gpm. The approximate locations of these
two arcas Is shown on Plate No. 6 in Appendix 1.

3.2 Fvaluation: The visual inspection revealed a number of
deficiencies which need further study and/or remedial action. Infor-
mation from Law Engineering Associates in conjunction with this report
indicates that the core wall may not be functioning properly (see Plate
7, Appendix I.) Tt is recommended that the owner, over the next 3
months, monitor the two wells on either side of the core wall to deter-
mine whether or not the wall is functioning properly. If the water

level on the downstream side of the wall remains near the level on the
upstream shde, the owner should sccure the services of a professional
cngincer to conduct a more thorough investigation to assess the con-
dition of the wall and to recommend appropriate remedial action. It

is further recommended that the owners' engineer investigate and evaluate
the potential damage, through piping, that may be done by the tree stumps
and root systems mentioned in 3.1.2 above. The loose stones on the
upstream face of the embankment should be relaid and the depressions
filled. A program should be initiated to repair the spalling and deter-
ioration of the concrete surfaces on the spillway and abutment walls.

At the same time, the areas of exposed reinforcing steel should be
repaired.  The gatehouse and the walkway leading to it are also in need

of repair.




SECTION 4
OPFRATIONAL PROCEDURE

4.1 Procedure: The normal storage pool is at elevation 28.0
which is the crest of the spillway. When the water elevation is above
28.0, the water automatically flows over the spillway into Lake Meade.
When the pool elevatlon [s below the splllway crest, water can be
discharged into Lake Meade by one or both 30-inch pipes running from
the base of the gate house in Lake Cohoon to Lake Meade. These 30-inch
plpen have slulee pates located at the gate house. The gate house
Io divided In halt for cach 30=inch plpe,  One slde of the gate houne
{5 t1lled by opening one, two, or three of the 24-inch gate valves,
The other side Is f11led by the removal of the double timber stop logs.
The valves or double timber stop logs are opened or removed to help
supply the water needs for the City of Portsmouth during high water
demands. The Water Department of Portsmouth makes the decision when
and how much water is to be discharged from Lake Cohoon to Lake Meade.

4.2 Maintenance of Dam: A complete routine maintenance program
has not been established for the Cohoon Dam, although periodic main-
tenance has occured. Daily tasks of maintenance such as mowing grass
and greasing valves are done by the City of Portsmouth, Department of
Utilities. Other maintenance, such as repairs to the gate house,
removal of trees or stumps, and repairs to the concrete spillway are
done by contract.

4.3 Maintenance of Operating Facilities: The operating facilities
consist of the valves to the pipes through the embankment and the spill-
way.

4.4 Warning Systems: There is no warning procedure or evacuation

plan established by the owner to follow in case of an emergency.

4.5 FEvaluation: - There is presently a program under consideration

by the owner and his engineer which will repair the gate house bridge,
riser house, and clean the sluice gates to cnhance opecrations.

The 24-inch gate valves are in good operating condition. An annual
maintenance and inspection program should be initiated to help detect
and control problems that may occur. The operating procedures are
adequate.




SECTION 5

HYDRAULTC/HYDROLOGIC DATA

5.1 Design: Construction plans from R. Kenneth Weeks, dated
January 21, 1919.

5.2 Hvdrologic Records: None were available.

5.3 Flood Experience: No records available.

5.4 Flood Potentfal: The PMF and 1/2 PMF were routed through
the reservoir. Hydraulic routing and data were furnished by the Corps
of Fngincers.,

5.5 Reservoir Regulation: Pertinent dam and reservoir data are
shown in Table 1.1,

Water Is passed from Lake Cohoon to Lake Meade during high water demand
periods. Two 30-inch pipelines from a gate house in the Lake Cohoon
run through the dam to the Lake Meade. Water also flows past the dam
over the spillway in the event water in the Lake Cohoon rises above
elevation 28.0.

Rating curves were generated by the Corps of Engineers.
5.6 Overtopping Potential: The probable rise of the reservoir

and other pertinent information on reservoir performance is shown in
Table 5.1.

Table 5.1 RESERVOIR PERFORMANCE

) Normal Hydrograph
Item flow 1/2 PMF PMF (c)

Peak flow c.f.s.

Inf low 3 20,500 41,000

Out flow - 19,500 39,700
Maximum elevation

feet, m.s.1. 34,5 36.8
Spillway (elevation 28)

Depth of flow, feet (a) 4.5 6.0

Velocity, fps (b) 12.0 13.8
Non=overflow Sectfon (elevation 33)

Depth of flow, feet (a) 1.0 2.3

Duration, hours 11 18

Velocity, fps. (b) 5.7 8.7
Tatlwater elevation, feet m.s.1. 12+ 19.9+ 24+




a. Critical depth
b. Veloefty at ceritical depth

c. The PMF 1s an estimate of flood discharge that may be expected from
the most severe combinatifon of critical meteorolotic and hydrologic
conditions that arce rceasonable possible in the regfon.

5.7 Reservoir Emptying Potential: Two 24-inch gate valves in the
gate house with one at elevation 21.0 and another at elevation 1.0 are
available for dewatering the reservoir. The valves will permit with-
drawal of about 216 c¢.f.s. with the reservoir level at the crest of the
spillway and essentially dewater the reservoir in about 28 days. With
the downstream reservoir, Take Meade, at the normal water elevation
(12.0), Lake Cohoon can only be lowered to the same elevation,

5.8 Fvaluatfon: Corps guidelines {ndicate the appropriate
Solllway Destpn Flood (SDF) for an intermediate stze and slpniflcant
hazard dam {s 1/2 PMF to PMF, Because of the risk involved, the PMF
) has been selected as the SDF. The spillway will pass 26 percent of
the PMF. The SDF will overtop the dam by a maximum of 2.3 feet with
a critical velocity of 8.7 fps and remain above the top of the dam
about 18 hours.
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SECTION 6
STRUCTURAL STABTLTTY

6.1 Foundation and Abutments: The dam is constructed on a thin
laver of alluvial soils which is underlain by Yorktown deposits. The
concrete core wall, located in the center of the dam extends from 1
foot helow the top of the dam to the marl Tine and s founded In the
Yorktown Formation. There was no obvious misalignment in the abutment
walls although some signs of spalling and secpage were detected. No

abutment dralns were noted during the inspection

Stability calculations were performed by Schnabel Engineering Associates
in 1978, using a combination of tests and assumed soil parameters. The
results of the stability analvses are reported in Section 2.

6.2 FEmbankment: The soil for the earth embankment was placed in
6 to 8 Inch layers and rolled between layers. Tt 18 not known whether
denstty requirements were placed on the embankment material. The down=-
stream slope fs 2(11):1(V) and the upstream slope {s 2.5(H):1(V).
Stone riprap has been placed on the upstream slope and it shows signs
of deterioration where stones have become dislodged. A number of trees
have been cut on the downstream slope of the dam to the left of the
spillway and scepage is noticcable on the spillway wall at this loca-
tion. The combination of these two items make the stability of the
embankment questionable, at least in this area. In addition, the report
from Law Engincering indicates that the core wall may not be functioning
properly (see Plate 7, Appendix 1.) The readings from the observation
wells as shown on this drawing indicate that the water elevation on
either side of the core wall is approximately the same.

6.2.1 Design Stability: The dam is located in Seismic Zone 1.
Activity in this area is low and the possibility of damage due to an
earthauake is considered to be negligible.

6.3 FEvaluation: Visual observations leave some questions re-
garding the overall stability of the dam. The tree stumps, seepage
and cloudy water at the downstream side of the embankment, to the

left of the spillway, Teave some doubt regarding the stability of the
embankment.  This area should be monitored regularly to detect further
deterioration. Tnsufficient strength data was available to analytic-
ally evaluate the structural stability of the dam, however, the high
water level on either side of the core wall indicates cause for con-
cern.  The water level in the test wells should be monitored regularly
to sce if this condition persists. Should the condition remain, it is
recommended that the owner, at his own expense, secure the services of
a professional engineer to conduct further investigations of the core
wall and embankment to more accurately ascertain the dams stability.




SECTTON 7

ASSESSMENT AND RFMEDTAL MEASURES/RECOMMENDATTIONS

*7.1 Ceneral Condition: From a geotechnical standpoint, the dam
appears to be functioning well, with the exception of the observed see-
page along the left abutment and the cloudy nature of the water down-
stream of observation well B=3 as discussed in Section 3., In addition,
water level readings obtained durlng the inspection indicate the core

wiall is apparently not functioning properly.

* he avallable geotechnical engineering data is considered to be in-
adequate in some arcas, primarily in regard to soil strength. Assumed
parameters, for Stratum Al, B and C,have been used in the stability
calculations In regard to strength. The estimated and tested strength
parameters appear reasonable based upon previous experience with simi-
lar soil types and empirical correlations with standard penetration
tests. However, estimated values are not considered adequate for dam
studics, especially in light of the calculated safety factors being the
minimum accepted values for certain loading conditions. Secondly, the
stability calculations were based upon the core wall functioning properly
which mav not have been the case at the time of the inspection.

The visual inspection indicated the need for an upgraded maintenance pro-
gram. The deterforation of the concrete and reinforcing steel in the
splllway and abutments should be corrected to prevent further damage and
the veeetatfon on the embankment should be cut regularly to prevent the
growth of large trees and bushes which can cause damage to the dam. The
extent of the damage caused by the trees on the lower side of the embank-
ment to the left of the spillway is difficult to evaluate now and there-
fore should be monitored regularly to detect any changes or increased
seepage. In addition, the water levels observed in the test wells on
either side of the core wall seriously question its stability.

The spillway for the dam will pass 267 of the Spillway Design Flood
(PMF) without overtopping the dam. The PMF will overtop the dam by 2.3
feet at a velocity of 8.7 feet per second. Since the spillway will not
pass 1/2 of the SDF, the dam is assessed as 'unsafe-non-emergency'" in
accordance with guidelines presented by the Corps of Engineers.

The classification of "unsafe'" applied to a dam because of a seriously
inadequate spillway is not meant to connote the same degree of emer-
gency as would be associated with an "unsafe' classification applied
for a structural deficiency. Tt does mean, however, that based on an
inftial screening, and preliminary computations, there appears to be a
serfous deficiency in spillway capacity so that if a severe storm were
to occur, overtopping and failure of the dam would take place, signifi-
cantly Increasing the hazard to loss of 1life downstream from the dam.

7-1




7.2 Recommended Remedial Measures: Tt {8 recommended that the
owner, over the next 6 months, monftor, on a regular basis, the water
elevations on efther sfde of the core wall., Tf the water level on the
downsit ream stde of the wall remalns at or near the hefpght shown In Plate
7, Appendix T, the owner should secure the services of a registered
professional engineer to perform a detailed inspection and stability
analysis on the dam.  He should also evaluate the potential that the
tree stumps located along the dam have for creating high seepage pra-
dients and subsidence upon decay. The owner should immediately take
action to prevent further deterioration of the concrete surfaces and
reinforcing steel. A regular maintenance and inspection program should
be initiated to help detect and control problems that may occur and a
warning system should be established for the dam.




APPENDIX I

MAPS AND DRAWINGS
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APPENDIX II

PHOTOGRAPHS




LAKE COHOON DAM

PHOTOGRAPH NO. 1
Intake Structure

PHOTOGRAPH NO. 2
Upstream Face of Dam




LAKE COHOON DAM

PHOTOGRAPH NO. 3
Spillway

PHOTOGRAPH NO. 4
Face of Dam




LAKE COHOON DAM 4-

PHOTOGRAPH NO. 5
Spillway Abutment

PHOTOGRAPH NO. 6
Downstream




APPENDIX III

FIELD OBSERVATIONS
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GEOTECHNICAL

1. Introduction
Our scope of services for the Lake Cahoon Dam
included site inspection, review of existing
design data, the drilling and logging of seven

test borings, soil laboratory testing, and
ongilneering analysis. The geotechnical engincering
analiysis dRaladod ovalaat ton off satite fnepect ion,
test borings, soil laboratory testing, geologic
and related design data to develop the following:

a. FEstimated subsoil profiles and ground-
water levels for Cahoon Dam

b. Evaluation of Cahoon Dam embankment material
properties.

c. Stability analysis of Cahoon Dam for maxi-
mum pool and other critical conditions developed
during the study.

d. Report on findings concerning the condition
of the Cahoon Dam with respect to geotechnical
engincering conditions.

I'his scope of work corrcesponds to the U. S. Army
Corps of Enginecrs Phase I and Phase II Studics
outlined in "Rccommended Guidelines for Safety
Inspection of Dam" with respect to gecotechnical
engineering.

The general layout of the dam and spillway obtained
from the design drawings is included in Drawing

Fl included in Appendix F. 7The initial inspection
pliase included development of the regional geology
for the site and review of the existing design
drawings. This review was followed by a visual
inspection of the dam.

2. Phasc T Study
a. General Information
The Lake Caioon Dam 18 an carthen embankment dam

located on Cahoon Creck about 600 ft west of North
Pitch Kettle Road in Suffolk, Virginia. The dam




was originally constructed in about 1912 to Bl 20
(E1 0,00 P.W.D. UsC & GS MSL Patum £1 1.93) and
raised to El 33 in 1919 with addition of downstream
berm. Normal pool level is E1 28 in Lake Cahoon
and I'l 12 in Lakce Meade on the downstrcam slope. The
downstream toe was flooded with construction of Lake
Meade in 1959. A concrete cutoff wall exists
benecath the center of the structure. The main
portion of the dam is approximately 780 ft in

length with maximum height of about 34 ft from

the former bed of Cahoon Creck to the top of the
dam.  The maximum water depth at normal pool is
dpproximately 29 ft. The principal spillway is
located adjacent to the north abutment as shown

on Drawing Fl. Two low head embankments extend

to the north of the north abutment with lengths

of about 180 and 635 ft.

b. Regional Geology

A geological study was made of the immediate area
in order to dectermine the type of soils which
underly the dam and whether or not any faults are
present.  This study was performed by reviewing
rcadily available geologic literature. > 1

The dam is located in the Coastal Plain physiographic

province and is underlain by the Yorktown Formation

of Miocene geologic age. The Yorktown consists

generally of preconsolidated marine sand, clay

and broken shell material. West of the Nanscmond

River the upper 5 to 10 ft of the Yorktown Forma-

tion is usually orange to yellow in color before

grading into its characteristic gray to green color.

Surrounding hilltops in the immediate dam arca arce

usually capped with the Sedley Formation of Plioccne

geologic age. The Sedley is composed of fine sand ]
and silty sand with thin laycers of silty clay. This '
formation averages about 10 ft in thickness and was

not encountered in the test borings.

The dam is located in an arca where the probability
of seismic activity is low and is expected to cause
only minor damage. Specifically the dam is located
in a Zone 1 scismic arca as defined by the U. S.
Army Corps of Engincers.




c. Review of Available Design Data

Three design drawings related to embankment and
spillway construction were provided for revicw.
These drawings titled "Core Wall", "Cross Sections"
and "Section of Spillway" are dated June 26, 1912,
July 12, 1912 and July 1, 1912, respectively.

Wer underatand the doam wan constructed shortly
after the dates of the drawings. We have pre-
parcd both longitudinal and transversce cross
sections of the dam from these plans and these

are designated Drawings F2, F3, and FA4.

The dam consists of an carthen embankment and concrete
cutoff wall. The plans indicate the soil was placed
in 6 to 8 inch layers and rolled, although no density
requirement is indicated. Side slopes are 2 hori-
zontal to 1 vertical downstream and 2.5 horizontal

to 1 vertical upstream. An initial crest width of
38'6" was planned at E1 20. The normal pool level
was planned at E1l 15 and the upstream slope was
riprapped from the toe to the top of the dam. Riprap
is indicated to consist of a 6 inch filter' layer and
12 inch stone surface course. Three underdrains,

18 inches square in section, extend from the base of
cutoff wall deseribed below to the toe of the dam,

A 30-inch diameter discharge pipe and 30 inch diameter
blow off pipe are indicated to run from the gate
house to the down strecam face under the dam along

the south abutment. Both pipes are supported on
spread footings spaced at about 10 ft on center and
appear from the original drawings to be encased in
concrecte. Footings are indicated to be supported

in the "marl" designated Stratum C in this report.
These pipes also appear to be provided with concrete
scepage collars spaced at about 30 ft on center.

Both pipces were designed to extend about 40 ft down-
stream from the toe of the original dam to allow

for raising the dam. The drawings indicate the pipes
were laid below the original ground surface with
invert at about El 0.

The concrete core wall is indicated to be about

1.5 £t thick at the top and about 2.0 £t thick at
footing level. The top of the wall extended to El
19 with provision for additional extension of the
wall at the time the dam was to be raised. The wall
footing is indicated to extend to the "marl" soils
of Stratum C. The wall originally extended to

the horizontal limits shown on Drawing Fl and
reinforcing stcel was allowed to project for the
planned later expansion of the dam both horizontally
and vertically.

-11-




The spillway foundations are indicated to penctrate
to the marl soils of Stratum C. The crest of the
original spillway was at E1 15. The 1912 plans
indicate the spillway to be raised to El 28 at a
later date. Detailed discussion of the spillway
is contained in the Civil-llydrology portion of
this report.

Design drawings dated January 21, 1919 indicate the
details required for raising the dam as contemplated
on the 1912 drawings. The drawings used in this
cvaluation included Drawing A-l, "Plan and Profile
of bam", Drawing A-2, "Dctails of Core Wall

and Embankment" and Drawing A-3, "Dectails of Wing
Walls".

The embankment was raised to 133 by adding additional
soils to the top and downstrceam slope. The original
side slopes were maintained and the crest width was
reduced to 12 ft. In the vicinity of the spillway,
the original embankment narrowed to 15 ft in width

as the spillway was approached on both sides. 1In
these transition arcas, the new embankment also
extends beyond the original upstrecam slope as well

as beyond the downstrcam slope. The three underdrains
are also indicatced to be e¢xtended to the downstrcecam
toc of the new dam.  The lateral extent of the dam
was also increased, especially to the north of the
spillway as illustrated on Drawing Fl.

The core wall is indicated to be extended laterally
into the abutments and vertically to El1 32. The core
wall is indicated to extend to Station 6+00 south of
the spillway and to Station 2400 north. The spillway,
riprap on the upstrecam slope and gate house were
raised to accommodate the new pool elevation, E1 28.

d Field Inspection

(1). Scttlement and Slope Stability

The cmbankment crest and side slopes were inspected
inn August 1978, No locaitzed settlement, depressions
or sinkholes were noted although some undulation

of the downstream surface exists. ‘These undulations
are the result of differential settlement of the
embankment soils because of variations in the
compressibility of the foundation soils. The only
major variation in the surfacec occurs along the
downstream toe where a path has been developed by
fisherman. No surface cracks were evident which

=12=




would indicate immediate stability problems. However,
since a design stability analysis was not available
for revicew, we recommended an evaluation of the dam's
stability be included in this study. The results

of the analysis are included in Section 3 of the
report, the Phase II Study.

(2) . Scepage

NO secopage was observed on the downstream suarfaco
or toe ol the dam cither to the north or south of
the spillway.

(3). Drainage System

Since this dam has a cutoff wall, scepage from the
upstream Lake Cahoon to the downstrecam toe would be
expected to be minimal. The original designer did,
however, provide three underdrains from the cutoff
wall to the toe and these were extended when the

dam was raised. They have subsequently been submerged
by Lake Mcade and presently provide no uscful function
except in the case where Lake Mcade is lowered below
EX 0.

(4). Slope Protection

The embankment was observed for wave and surface
runoff crosion. No major crosion problems were
detected.  The embankment appears well maintained
and continuing maintenance will prevent future
crosion problems. Riprap on the upstrcam surface
appcears in cexcellent condition south of the spillway.
llowcver, south of the spillway, underbrush and up

to 6-inch diamcter treces have been allowed to grow
resulting in displacement of some of the surface
protection.

The short embankment section to the north of the
spillway shcou.ld be cleaned of underbrush and trees
and the slope protection should be replaced.

3. Phnasc II Study

a. Subsoil Conditions
Test borings B-1 through B-4 were drilled along the
crest of the dam and B-5 through B-7 along the down-
stream toe of the structurc. Water obscrvation
wells were installed in test borings B-3 and B-4

to allow continued monitoring of the water level
through the dam. Bulk samples and undisturbed

soil samples were obtained from test borings B-1l
through B-4 to evaluatc material properties.




The test borings were drilled by Ayers and

Ayers, Inc., Richmond, Virginia,

and logged by

our personnel, The test boring logs are included
in Appendix 3 and data are projected on the dam

sections included on Drawing F2,

3 and F4 in-

cluded in Appendix F. Based on the test borings,
the following gencralized soil strata underlie
the site to the depths indicated:

Stratum A: From the ground
surface to depths of 14
to 39 £t

Stratum A,: Interbedded with
Stratum A to depths of 4 to
20 ft, maximum penctration

Stratum B: Below Stratum A
to depths of 20 to 39.5 ft

Stratum C: Below Stratum A
and/or B to depths of 20.5
to 55.5 ‘ft, maximum pene-
tration

Brown to gray fine to
coarse silty to clayey
sand, EMBANEKMENT FILL
(SM), trace organic
matter and gravel, with
shell fragments; very
loose to firm (N=2 to 28)

Brown to gray fine to
medium silty clayey sand
(sC) and silty clay (CL),
EMBANKMENT FILL, trace
organic matter, gravel
and shell fragments;

soft to very stiff con-
sistency (N = to 25)

Brown, grby to green fine
to coarse SAND (SM), trace
silt, organic matter and
gravel, and fine clayey
SAND (SC), trace gravel;
loose to firm (N=4 to 16)

Gray to green fine to
coarse clayey to silty
clayecy SAND (SC), finc
sandy CLAYEY SILT (ML)

and SILTY CLAY (CL), somc
fine sand with shell frag-
ments; stiff to hard
consistency (N = 7 to 57)

The depth of topsoil varied from 1 to 3 inches as

indicated on the boring logs.

N-values indicate the

low and high Standard Penetration Test resistances
cncountered in a particular layer as determined from

the number of blows required

todrive a 2 inch 0.D.

1-3/8" 1.D. sampling spoon one foot using a 140 pound

hammer falling 30 inches. This

test is conducted

after scating the sampler six inches in the bottom
of the hole according to ASTM D-1586.

~-]ld=




The soils of Stratum A and Ay represent fill materials
of the earthen embankment. Stratum B includes the
recent gqeologic age deposits of Cahoon Creck. The
solls of Stratum C arce part of the Yorktown Formation
of Miocene Age. The abutments of the dam probably
consist of Sedley Formation soils. These soils

were not encountered in the test borings.

b. Soil Laboratory Testing

Five undisturbed tube samples, five bulk samples
and numcrous jar samples were tested and data is
presented in the Summary of Soil Laboratory Tests
included in Appendix D. Soil classification is by
the Unificd Systoem, ASTM D=2487,

(1). Stratum A - Fine to Medium and Fine

to Coarsc Sand (SM), Somc silt or Clayey Silt,

Trace Fine Gravel, with Shell Fragments (Embankment)

The soils of this stratum are variable with fines
content ranging from 15.7 to 37.5 percent. Natural
dry densities ranged from 96 to 106 pcf. Natural
moisture contents varied from 11.5 to 26.2 percen

A permability test indicated a value, k=2.4 x 10-
ft/min or very low. s

A consolidated undrained triaxial compression test
was performed to evaluate the soils total shear
strength parameters. The following values were
obtained.

Angle of Internal Friction, @ = 15°
Apparent Cohesion, c=400 psf

A slow dircct shear test was also performed, to
cvaluate the cffective strength parameters. The
following values were usced in our analysis:

Effective Angle of Internal Friction, ﬂ'= 3
Effective Apparent Cohesion, c'= 0 psf

Two compaction tests were performed according to

ASTM D-698 to develop representative maximum dry
densities for the embankment soils. The maximum

dry densities were found to be 118.6 and 119.7

pef. The insitu densities are thus indicated to

be only 80 to 89 poercent of the maximum dry densities.
These values are lower than what is normally required;
however, it should be understood that tube samples

in sands are subjoect to disturbance and densities
obtained by this method are usually lower than

actual insitu densities.




(2). Stratum A, - Finc Silty Clayey Sand
(sC) (Embankment) -

One sample of this stratum indicates the fines content
to be 39 percent. The natural dry density was found
to be 113 pef and natural moisture contents varied
from 15.2 to 16.7 percent. A permability test indicated
a value K=1.2 x 107% ft/min or very low.

Total and of fective strenqgth paramctors were not
deternined by laboratory tests.  However, we have
conservatively estimated these parameters based on
data for soils of similar classification and density
at Kilby Dam and for other projects in the general
geographic arca as follows:

Angle of Tnternal Friction, # = 4°
Apparent Cohcesion, c¢= 700 pst

Effective Angle of Internal Friction, g'= 37°
Effective Apparent Cohesion, c' = 0 psf

(3). Stratum B - Fine to Medium Sand (SM),
Trace Silt

Laboratory test were not performed on this stratum.
However, strength parameters were estimated from the
test boring Standard Penetration Test data, as follows:

Angle of Internal Friction, @ =35 =
Apparent Cohesion, c¢= 0 psf

Effective Angle of Internal Friction, f#'= 35°
Effective Apparent Cohesion, c¢' = 0°©

An estimated total unit weight of 115 pcf was also
used in our analysis.

(4). Stratum C - Silty Clay, Some Fine
Sand (CL) and Fine Sandy Claycy Silt (ML)

The fines content of this soil varies from 60.2
to 69.2 pcrcent. Natural moisture contents were
found to be ranaged from 28.6 to 32.4.

The pormeability of this soil is estimated to be
less than the fill soils of Strata A and Al. Based
on laboratory test data in our files for soils of
similar density, a very low value of k=10"° ft/min
is probably typical.




c. Geotechnical Engincering Analysis

The basic design requirements included in the contract
plans which woere cvaluated in more detail in this
phase of the study included: (1)  the foundation
condition, (2) the effectiveness of the cutoff wall,
(3) the material  type and compaction, and (4)

the stability of the dam.

(1) Foundation Conditions

The test boring data indicates the dam is founded

on a thin layer of alluvial sands underlain by the
Yorktown Formation soils of Miocene gcological age.
This foundation is relatively incompressible since

the Yorktown Formation soils have been preconsolidated
by scediment load which was subsequently removed by
crosion during past gecologic history. This formation
provides an excellent base for support of the dam.,

({2) Cutoff Wall Effectiveness

The permeability of the embankment soils required

the dam designers to provide the structure with a
concrete core wall to reduce flow of water through
the dam and lower the phreatic level within the
downstrcam portion of the dam. This wall is indicated
on the original plans to be founded in the "marl" orx
Yorktown formation soils of Stratum C. In order to
check the ceffectiverness of the core wall as a cutoff,
permanent water obscivation wells were installed in
borings B-3 and B-4. These wells indicate the water
level downstream and upstrcecam correspond very closely
with the water levels of the pools downstream and
upstream respectively. Thus, the core wall is per-
forming very satisfactorily.

(3) Material Type and Compaction

The embankment soils are basically sand with variable
amounts of clay and silt and have been scparated in
our analysis i1nto Strata A and Ayj. Thesc soils have
relatively high compacted strengths as indicated by
the data provided in the previous scction. The
original drawin; s indicatce the cmbankment was
constructed in 6 to 8 inch lifts,  Bach liftt was
required to be watered and rolled or compacted.

This was common practice at the time the dam was
constructed. Watering was believed to help compact

-]7=
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a sandy soil; however, the rolling was probably

more cffective. Laboratory standard density tests

and field density tests for control of compaction

were not developed at the time the dam was constructed.

Undisturbed samples of the cmbankment soils indicate
material is poorly compacted. However, tube samples
are subject to disturbance in sands and we belicve

the embankment soils have a higher degree of compaction
than indicated by these densities. The strength

test data and standard pencetration test data verify

the soils have been compacted because of the relatively
high angles of internal friction.

(4) Embankment Stability

A stability analysis was performed on both the
upstrcam face and the downstream face. Since both
faces are partially submerged under normal operating
conditions, the sudden drawdown from spillway crest,
designated Case I and the steady scepage condition,
designated Case III, were evaluated. Embankment
section CC illustrated on Drawing F2 and containing
borings B-1, B-4, and B-6 was selected for analysis
since this section is typical. The following factors
of safety were obtaincad.

Required Min.

Loading Factor of Factor of
Surface Casc Condition Safety Safety
Upstrcam 15 Sudden drawdown 1.3 L

of Rescrvoir
III Steady Seepage 1.9 1.5

Downstream I Sudden drawdown 1.2 L2
of Reservoir

III Steady Scepage 1.5 1.5

These factors of safety werce acceptable in accordance
with the U. S. Army Corps of Engincers guidelines.
Case II and IV described as a “"partial pool case"

and the "carthquake casce" respectively were not
evaluated as these are less eritical. The critical
circles associated with the above factors of safety
are indicated on Drawing F2.

Under the influence of the maximum probable flood, as
described previously in the Civil-Hydrology section
of this report, water in the Cahoon reservoir will
risc over the present top of the dam.  The stability
ol the upstrceam slope under this condition is less

of a problam since the slope is completely submerged.
Therefore, this case was not cevaluated further. The




factor of safety for the downstream slope, under
this rescervoir condition will not be adversely
cffected since the core wall will maintain the
water level downstream at the pool level for Lake
Mcade, with the planned addition of a concrote
wall on top ot the dam. Sliding stability was also
considered.  The factor of safety against sliding
was found to exceed 4.

4. Conclusions and Recommendations

Basced on the geotechnical engincering data contained
in this report, the following summary of conclusions
and recommendations is presented: ~

a. The Cahoon Dam contract drawings were reviewed
for conformance with gencrally accepted principles of
geotechnical engincering. We believe the design is
suitable for the site foundation conditions and materials
utilized.

b. The dam was inspected using the U.S. Army
Corps of Engincers guidelines for scttlement and
slope stability, secepage, drainage systems and slope
crosion problems. Although no major problems were
observed, the short scction of the embankment north of
the spillway has not been maintained. This_area contains
trees and underbrush which should be removed. The slope
protection of the upstream face should also be restored.

c. Since the dam was constructed with a very steep
downstream face and was subscquently partially flooded
with construction of Lake Mcade, we recommended a Phase
IT study to evaluatce the strength of the embankment
soils and performance of the core wall as a cutoff to
water flow through the dam. This study included
drilling seven test borings, installing two permanent
water observation wells to allow present and future
monitoring of the water level through the dam,
laboratory testing and enginecering ananysis.

d. The water observation wells indicate the water
level upstream of the core wall is at about E1 24 and
downstream is at about E1 11. These data indicate
the core wall is performing as planned. The water
obscrvation well located in Boring B-3 should, however,
be monitored quarterly to determine any major variation
from the downstream water level E1 12. A rise in this
lovel without a concurrent rise in the level of Lake
Mecade, such as under surcharge conditions, would
indicate the core ,wall cutoff is not functioning
properly. If this should ever occur, a rise in the
water level on the downstream side could trigger
failure of the downstream slope and the dam. Thus the
water observation well should be monitored quarterly.




The water level should not excecd the level of Lake
Mcade by more than 1 ft. We should be notified if :
the water level rises above this level so that we may
evaluate the seriousncss of the problem.

c. A stability analysis was performed using
shear strength data developed in the soils laboratory
and dam geometry to determine the factors of safety
of the embankment with respect to shear failure.

Required Min.

Loading Factor of Factor of
Surtace Case Condition Safety safety
Upstream 1 Sudden drawdown 13 1.2

of reservoir

TR Steady Seepage 1.9 1«5
] Downstream I Sudden drawdown 1.2 T2
k! of reservoir

I1I Steady seepage 1.5 LeD

These factors of safety are acceptable and indicate the
cmbankment is stable under present loading conditions.
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LAKE CAIOON DAM SAPETY INSPECTION

A.

CIVIL - HYDROLOGY

1 Desceription of bam

The original dam was constructed in 1912 . The
ortginal dam was an carth cnbankment with a gatoe
house and tlood gate which acted as the principle
spillway. The earth cmbankment had a concrete
core wall in the center. Top of original embank-
ment was elevation 20.00 M.S.L. In 1919 the
carth embankment was raised to elevation 33.00
along with the core wall. At that time a 300°'
long concrete spillway was added at the north

end of embankment.  The new spillway clevation is
28.00 M.5.1.. The original gate house was raised
to new clevation also. The embankment has qgrass
covered sidoslopes ofF 2:%. The -stone underdrain
system on the downstream side of embankment was
continued under raised embankment. Embankment
has two 30" cast iron pipes through it which were
laid in existing channel location.

The primary purposc of this Lake and dam is to
act as a water supply storage and allow the level
of Lake Mcade (downstream) to be maintained at a
height to supply the water trcatment plant located
at Lake Kilby Dam. The capacity of the Lake is
1963 M.G. with 502 acres of flooded land.

- bham Classification =
Dams are classificed by the Corps of Engineers in '
accordance to size and hazard potential. The
classification will be used to determine the re-
commended dgsign flood that the spillway must pass.
Lake Cahoon size classification is"lntermediate"
since the storaqge capacity is greater than 1000
acre~feet and less than 50,000 acre-feet. The
hazard potential classification is"Significant"
since there will only be damage to isloated homes,
sccondary highways and minor railroads and service
interupted to utilities.

By the Corps of Engincers' criterion, a Significant
Hazard, Intermediate-Size dam must be able to pass
the Y probable maximum flood (PMF') through the spillway.

A probable maximum flood by Corps of Engineers'

standards is a flood that may be expected from the

most severe combination of critical meteorologic and
hydrologic conditions that are reasonably possible

in the region. Such a condition would be similar to that
which occurred in Nelson County during Hurricane Camille.
Sce Storm Intensity Comparison Chart following

Physical Inspcecction section.

|




The State of Virginia adopted regulation No. 9

for impounding structures in March 1978 which

was filed in May 1978 and became cffective

July 1, 1978. This regulation states that within

one yecar from effective date, every owner of an existing
impounding structure, shall provide data and

information to the . State Water Control Board sufficieéent
to enable the Board to determine whether to issue an
Opoerations and Maintenance permit for existing
bmpsoxnnel i ey rEruetiare, oF Lo direcet sucly worle an

may boe necessary to mitigate extant hazard to life

and property attributable to the existing structure.

The procedures for this can be found in Ehe copy

titled, "Impounding Structure Regulations, Chapter

12, Page RB-6-11. (Sce Appendix). The sections

which have beecn underlined in this regulation should

be given attention since they pertain to requirements,
findings, actions by the Board, right to hearing on
suggestions, and enforcement.

As stated in the Regulation, if a formal complaint

is filed due to unsafe.conditions or operating
conditions, and is found to be true by the Board, the
owner shall be required to place the facility in a safe
condition as suggested or the Board shall cause such
action to be taken as breaching or removal of any
impounding structure found beyond repair. As the
guidelines ihdicate in this regulation, the

following findings were acquired for this impounding
structure titled, Lake Cahoon Dam.
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2. Physical Inspection
a. Procedure

buring the months of September and October, 1978,
soveral field inspections were conducted by
engineering personnel from J. K. Timmons and Associ-
ates. The water surface elevation was obscerved at
twa drfforent levels during thoese iunspections. AL
both levels the water was not (lowing over the
spillway crest line. A gate valve was open in the
Gate House allowing the level to be kept down.

At the time the photographs were taken,

the water level was approximately 15" to 18"
below crest line of spillway. As can be seen in
photographs, this showed leaks and wet spots on
downstream side of spillway. The concrete was
sounded on spillway and the cracks, leaks, wet
spots and holes were mapped. The joints were
probed and measured for depth, along with the
holes.

The embankment was walked to cvaluate for erosion,
sunken areas, and seepage. The Gate llouse was
inspected for operational value and safety features.
All of these operations and findings were photo-
graphed and are included in this recport.

In general, an overall visual inspection was made
of embankment, Gatce House and concrete spillway.




(b) Findings
1. Dam_Embankment

The embankment's visual condition appears to be
good,as can be scen in the following pictures. The
slopos on hoth sides are covered with a geod stand
of yrass. - There 1S a portion on the Upstreamn side
which is lined with stone;and although no severe
sink holes can be seen,; there are secchions of the
stone lining which have been moved and necd to be
relaid. From what can be scen, the 2:1 slopes show
that no sloughing has occurred. A more definitive
analysis of the embankment was made by the soil
consultant (Schnabel Enginecring). The Geotechnical
section of this report contains data used for
further analysis of cembankment.
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a. Concrete Spillway (January 1919 Plans)

The general condition of concrete is fair. The
surface shows lcaks, pot holes and concrete deterio-
ration. This spillway is a bulkhcad type of con-
struction which can be scen in Lranseverse scction
on Cracks Location Map in Appendix of this report.
Appendix should be consulted along with photographs
which show the location and visual condition or the
findings. The same code as shown on Page I-A-3

was uscd in describing the cracks.

B, Pothole - Requires Repalrp

Bia€ . Dry Crack ~ Requirces Sealing

el Wet Crack = Requires Cutting Out and Scaling

i it Leaky Joint - Requlres Scaling

B Bad Joint Compound =~ Requires New Joint Compound

I llole Over 2" Deep - Requires new concrete and Tie
to 0ld Surface

aking Concrete Surface - Requires

BiES « = Bad or. P

s |
that surface should be Scaled and Plastercd.

The retaining walls of embankment show a rotten
surtace for the cuoncreotc. Sce Photograplrys 22 and
39 (Northern Wall) and Photographs 40 and 41
(Southern Wall). As indicated in Appendix II, the
souther section of spillway shows scveral leaks
and wet spots. On this same face, photographs

35 and 38 show that the reinforcing bars, originally
imbedded 6" into the surface of bulkhead, are not
only exposed, but hanging in mid-air in places.

The wall shows leaks in several places and a water
spout in one spot extending from the surface of
wall. (Photographs 30, 31, 33, and 34) The end

or western scction of spillway at the time of
inspection was wet and covered with slime.

The joint in the middle indicated a bad lcak at

the time of photographing. llowever, on another
inspection in October, when the wateor was down
approximately 5' to 6', this joint was sounded with
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a hammer and the rotten surface removed,exposing
what appearced to be soil which had lodged in this
joint to help stop the leak.

TThe northern spillway scction showed much the same
as the southern scection, although not as much
leakage was present. The Cracks Location Map
should be consulted in Appendix forc a true over-
all picture of the problem areas. The southern
retaining wall has a small fence atop it, but none:
could be seen on the northern wall.

B Gate House

The Gate llouse which was raised in 1919, appecared
to have a sound structural base and wet wells.

The brick and mortar structure scems to be in

good condition. The exterior roof is slate and
shows some scctions which are broken. The exterior
wooden trim requires painting and replacement of
rotten scctions.  The building has threce windows,
all of which nced new:panes and wooden sections
requiring repair. They have also been dislodged
from their masonry openings. The door has not been
painted in some time and has signs of weathering.

The ridge roll is no longer atop the structure as
shown on original drawings. Appendix (Gate

llouse Drawing and Pictures) shows these problems.

No exterior lighting is present. The wooden and
steel bridge to Gate House has rotten planks and
also shows that the steel could use a coat of paint.
The handrail is wobbly and unstable. At the
entrance to bridge is a farm wire type gate which
serves little purpose.

The interior of the Gate House shows a heavy steel
grate floor which is rusted. The interior wooden trim
shows much the same as the exterior, in that it
roquires repair and painting.  Although some

clectrical wiring is present, the power has been

cut outside the building and the interior wiring is

not in usable condition. The two 30" sluice gates below
water surface were not visible in the wet well due to
still water atop thom. llowever , the 24" gate, approxi=-
matcly 11 ft. below grating, avpears to be in good
condition. It was obscrved that the gate stand to the
right of door was cracked to a great degrece. The gate
to the left of door was tried and found to have a gear
ratio of almost 1 to 1, which makes it difficult

to open. The gate valves to the




west or back side of building seem to be in poor
condition also. The 24" valve was open allowing
the water level to e loweroed. In an attempt to sce the
condition of the lower valves, we tried to closc the 24"
valve which was open, but after some 100 or so turns, 1t
was discovered that the valve had some wood lodqged

in it and could not he closced. The floor grating

was removed and personnel tried to descend the ladder
in the wet well to dislodge the wood. The ladder

wan found to be in an unsafe condition. The rungs
which are steel rods have rusted to the point that

they will not support a man's weight. Also, scveral
items were viled on grating which would not allow all
grating to be removed. The trash rack on the exterior
of building was observed from the interior of the
building by opening the window and was found to be

in a worn condition. The appendix of this report

shows drawing and photographs of this building and
spillway which may be consulted for a pictoral view

of these conditions along with the following photo-
graphs.
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1. Recommended Cuidelines for Safety Inspection of Dams, Department J
of the Army, Office of the Chief of Engineers, Washington, D.C. 20314

2. 1Inspection Report, Lake Cohoon Dam, for Portsmouth Water Reser-
; voirs, Portsmouth Utilities Department, Suffolk, Virginia, by J. K.
4 Timmons & Associates, Inc., Richmond, Virginia.

Sl

Wi s

e —— S ¥

g s e bR R L e MR




