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~~2O. Abstract

Pursuant to Public Law 92—367 , Phase I Inspection Reports are prepared
under guidance contained in the reconinended guidelines f or  safety
inspection of dams, published by the Office of Chief of Engineers ,
Washington, D. C. 2O31~ . The purpose of a Phase I investigation is
to identify expeditiously those dams which may pose hazards to human

:1 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 enginfering ~ata, the Phase I repovt addresses the

I hydraulic, ) ydrologic, ~eolog14,, geotechnic , ~nd st$2ctural aspects of
the dam. lhe engineering tec)~niques employe~d’ give/a reasonably

• accurate ~~sesmsent of t the c,ónditions 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
appurtenances , all existing engineering data , operational procedures ,
hydraulic/hydrologic data of the watershed , dam stability, visual
inspection report and an assessment including required remedial
mea5ures.
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• PRE FACE

Th is report is prepar ed under guidance contained in the Recomsended
Guideli nes for Saf ety Inspec t ion of Dams , for Phase I Inve st igations.
Copies of these guidelines may be obtained from the O f f i c e  of the Chief
of Engineers , Washing ton, D.C. 20314. The purpose of a Phase I investi-
gation is to identif y expedi tiously 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 mapp ing , subsurfac e
investigations testing , and detailed computational eval uations are beyond
the scope of a Pha se I inve st igation ; however , the investiga tion is
intended to ident if y any need for such studies.

In reviewing thi s repor t , it should be realized tha t the repor ted
condition of the dam is based on observa tions of f ield condi tions 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
ac tion , while improving the stabili ty and safe ty of the dam , removes the
normal load on the structure and may obscure certain conditions which
might otherwise be detec table if inspec ted under the normal operating
environment of the structure .

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions , and is

• evolutionary in nature . It would be incorrect to assume that the present
condition of the dam will continue to represent the condi t ion of the dam
at some point in the future. Only through cont inued care and inspec tion
can there be any chance that unsafe conditions be detected .

Phase I inspection s are not intended to provide detailed hydrolog ic
and hydra u l i c anal yses. In accordance with the established guidelines ,
the sp illwa y desi gn flood is based on the est imated “Probable Max imum
Flood” for the region (flood discharges that may be expec ted from the
most severe combination of critical meteorologic and hy drolog ic condi t ions
that are reasonably possible) , or fractions thereof. Because of the
magnitude and rari ty of such a storm event, a finding tha t a spillway
will not pa ss the design flood should not be interpre ted as necessarily
posing a hi ghl y inadequate condition. The design flood provides a
measure of rela tive spillway capacity and serves as an aide in
de termining the need for mor e de tailed hydrolog ic and hydraulic studies ,
considering the size of the dam , its general condi t ion and the downstream
damage potential . -
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Name of Dam : Upper North River No. 76 Dar~, Va. No. 1506
State: Virg inia
County : Augusta County -

USGS Quad Sheet: Stnkesville 
-

• Coordinates: Lat 38° — 19.6’ Lona 79~ — 13.25’
Stream: Upper North River
Date of Inspection : December 13, 1978

BRIEF ASSESSMENT OF DAM

Upper North River No. i6 is a zoned earthfill structure

about 824 ft long and 118 ft high. The principal spiliway

consists of twin 42—inch prestressed cylinder concrete pipes

which extend through the structure. Water is discharged

into the principal spiliway through a reinforced concrete

riser and is expelled into a riprap— lined stilling basin

along the downstreant toe of the darn. The emergency spiliw ay

is a 215 f t  wide vegetated earth and riprap side channel spill-

way. The dam is located on the Upper North River about 8 miles

southwest of the community of Stokesville , Va., and was constructed

fo~ flood control and- recreation. The dam was designed and

constructed under the supervision of U.S. Soil Conservation

Service, cooperating with the Shenandoah Valley Soil Con-

servation District, City of Staunton . The City of Staunton,

Va.’~ . has a special land use permit with the U.S. Forest Service

for the construction and operation of the dam.

The dam will pass the probable maximum flood (P~ F ) .

Therefore, based on criteria established by the Department

of the Army, Office of the Chief of Engineers (OCE), the

spiliway is rated adequate. 

- • - - • • • . - - . - •- • - • -~ - •- - - - - -  - -~-
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The visual inspection revealed no apparent problems

arid there are no immediate needs for remedial measures.

The actual embankment structure appears to be similar to the

“as built” drawings. We do recommend that vegetation be

routinely controlled. The slopes , the crest of the

structure, and the spiliway should be mowed several times a

year and existing small trees or saplings removed at

least once a year. The slopes of the dam meet the requirements

- ;  recommended by the U .S .  Bureau of Reclamation for zoned

earthfil]. dams. A summary of the stability analysis of

the upstream and downstream slopes under rapid drawdown and

steady seepage conditions was reviewed and assumptions, test

data, and the resultant factors of safety were found to be

acceptable. - 
-

Submitted by: Approved:
Original signed. by~Original signed by

JAMES A.~ WA.LS~ Douglas L. Railer
.l~iñ~ s A. Walsh, P. E. Douglas L. Hailer
Chief , Design Branch Colonel, Corps of Engineers

District Engineer

Recommended By:

Original signed. b~ -

ZANE U . GOODWIN MAR 15 1979
_______________________ Date :________________________

Zane M. Goodwin , P.E. 
-

Chief , Engineering Division
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OUTLET STRUCTURES - ELKHORN LAKE - •
(View from the East) .
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

UPPER NORTH RIVER NO. 76 DAM VA. # 1506
(ELKHORN LAKE DAM)

SECTION 1 - PROJECT INFORMATION

1.1 Ceneral :

-1.1.1 Authority: Public Law 92-367, 8 August 1972, author—

ized the Secretary of the Army , through the Corps of Engineer s,

to initiate a national program of safety inspections of

darns throughout the United States. The Norfolk District

has been assigned the responsibility of supervising the

inspection of dams in the Commonwealth of Virginia.

1.1.2 Purpose of Inspection: The purpose is to

• conduct a Phase I inspection according to the Recommended

Guidelines for Safety Inspection of Dams (see Reference 1,

Appendix VI). The main responsibility is to expeditiously

identify those dams which may be a potential hazard to

human life or property .

1.2 Project Description:

1.2.1 Dam and Appurtenances: Upper North River Dam No.

76 is a zoned earth—fill structure about 824 feet long and

118 feet high. The top of the dam is 28 feet wide and is at

elevation 2084.0 f~ M.S.L. Side slopes are 2.5 horizontal to

1 vertical (2.5:1) on the downstream side and 3:1 on the

upstream side. Ten foot wide berms exist on the downstream and

upstream slopes at El 2025 and 2017 , respectively.

The principal spiliway consists of twin 42-inch diameter

prestressed cylinder reinforced concrete pipes , running through

the dam. Dischar ge into the conduits is provi ded by a 9 x 10.5 ft

4
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reinforced concrete riser 
- with an inlet crest elevation of

2015.5 M.S.L. The riser has three inlets, each at a different

elevation , located below the inlet crest .. The inlets are

used for low flow discharges or to drain the lake depending

on sediment buildup . The riser is founded on sandstone

- : and mudstone bedrock .

The emergency spiliway , which is a vegetated earth

channel having a bottom width of 215 feet, has a crest

elevation of 2070.0 M.S.L., which is 14 feet below the

top of the dam. The emergency spiliway is in cut on the

right side and O n f i l l  on the lef t side, and is located
- 

- off the right end of the dam. The emergency spiliway has

a vegetative cover in all areas except where excavated

rock forms the channel. The spiliway has variable side

slopes of about 1.25:1 to 2.5:1. The cut area of the

emergency spillway is in weathered sandstone, shale,

and mudstone bedrock. This information can be found in

Appendix I, titled “Maps and Drawings ” , contained in this

report.

1.2.2 Location: Upper North River Dam No. 76 is

located on Upper North River about eight miles southwest

of the community of Stokesville, Virg inia. The reservoir

formed by the dam is known locally as Elkhorn Lake . (See

Sheet 1, Appendix I).

1.2.3 Size Classification: The dam is classified as a

“large” size structure because of the dam height of 118 feet.

5
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• 1.2.4 Hazard Classification: The dam is located in a

rural and heavily forested area. However , based upon

the close downstream proximity of Staunton Dam (the principal

water supply source for the City of Staunton), the dam is

assigned a “High” hazard classification. The hazard

classification used to categorize dams is a function of lo-

cation only and has nothing to do with its stability or

probability of failure.

1.2.5 Ownership: The City of Staunton has a

special land use permit with the U.S. Forest Service

for the construction and operation of the dam.

1.2.6 Purpose: Flood Control and Recreation

1.2.7 Design and Construction History: The dam was

designed and constructed under the supervision of the

U.S. Soil Conservation Service. Responsibility for

construction was by Shenandoah Valley Soil Conservation

District and the City of Staunton, during 1962—1963. The dam

was completed in 1965.

1.2.8 Normal Operational Procedures: The principal

spillway is ungated, therefore , water rising above the

crest of the drop inlet automatically is discharged

downstream in quantities based on the inlet capacity .

Similarly , water is automatically passed through the

emergency spillway in the event of an extreme flood which

creates a pool elevation above that of the emergency

spillway .

6
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1.3 Pertinent Data:

1.3.1 Drainage Areas: The original design (SCS)

indicated a drainage area of 27.1 square miles which has

been verified and found to be reasonable.

1.3.2 Discharge at Dam Site: Maximum known flood at the

darn site occurred in 1972. Inflow was approximately 2400

CFS and all discharge was through the principal spillway.

Priucipal Spillway :

Pool Elevation at ~merqency SDillway Crest 805 CFS
Pool Elevation at Crest of Dam 862 CFS

Emergency Spillway:

Pool at Crest of Dam 41,200 CFS

1.3.3-Dam and Reservoir Data: See Table l.l,below.

Table 1.1 DAM AND RESERVOIR DATA

Reservoir
Elevation Capacity -

feet Area Acre Watershed Length
Item M.S.L. Acres Feet Inches (a) Miles

• Crest of dam 2084.0 274 10,500(b) 7.6 1.4
- • Maximum pool, design

surcharge 2074.7 227 8,090(b) 5.59 1.2
Emergency spillway -

crest • 
- 2070 221 7 ,020(b)  4.85 1.1

Principal Spillway
crest 2015.5 53.5 3,066 3,5 0.5

Streambed at Center—
line of darn 19 66

(a) Based on 2V.1 sq. m&
(b) From top of sediment pool

_ _ _  

7 _ _ _ _ _  
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SECTION 2 - ENGINEERING DATA

2.1 Design: The dam was designed and constructed

under the direction of the U. S. Soil Conservation Service

-~(SCS) and was sponsored by the City of Staunton. As-built

drawings and design data are available in the office of the

State Conservationist, U. S. Soil Conservation Service, Federal

Building , Room 9201, 5th and Marshall Streets , Richmond,

Virginia 23240. 
-

A subsurface investigation was conducted at the site by

the SCS during the initial design stages. The investigation

consisted of drilling 26 test borings and excavating 40

test pits. Subsurface profiles and a report of the

investigation wi th foundation recommendations were prepared

based upon permeability tests , test boring , and test pit

data . The geologic report is available at the above referenced

SCS office. Subsurface profiles are shown on Sheet 5,

Appendix I.

The dam is a zoned, compacted earthfill embankment.

The design recommendations shown on Sheet 1, Appendix I,

• specify that SM or SC materials be used in the core or

Section No. 1 of the darn. On the downstream side, the

core is blanketed with a 20 ft+ thick zone of GM and GW

material, designated Section No. 2. Section No. 2 is

covered by Section No. 3, which consists of coarse GW

material. The upstream portion of the core is overlain j
with finer GW material designated Section No. 4. A thin

zone of finer GW material is located behind the downstream

toe drain and is designated Sectio.~ No. 4-A . The pervious down-

stream shell of Section No’s. 2 and 3 control the phreattc surface.

8
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A review of design drawings indicates the darn is founded

on overburden and includes a cutoff trench which extends

approximately 1 f t± into bedrock. Both abutments are

described as being water-tight, however , some wa ter leakage

was expected , principally through f rac ture  zones in the

rock beneath the dam. This was not considered critical in

the design report and the possibility of piping was not

believed a problem due to the hardness of the rock.

- 

- To control the phreatic water surface and to collect

seepages, a rock toe drain was constructed along the

downstream portion of the dam. This drainage system consists of

a trench 10 ft wide at its base and a minimum 8 ft deep,

filled with material graded in size from 1 to 24 inches. Twenty—

three reinforced concrete anti—seep collars (see Sheet 8, Appendix

I) were installed around the principal spiliway pipes, under the 
-

entire darn and spaced at 24 ft intervals in order to control

any potential piping problems along the pipes. Riprap

gutters approximately 1.5 f t  thick and ranging from 9 to 15

f t  in width were constructed adjacent to both abutments to

control local surface runoff .

The emergency spiliway located adjacent to the right

abutment was formed by making a side hill cut into residual

soils and bedrock consisting primarily of very fine silty

sandstone. Shale and mudstone were also probably encountered

during excavation. Design drawings indicate compacted fill

was placed locally to bring low areas in the spiliway up to

design grade. A berm was also constructed to form the left side -

of the spiliway which is riprap lined.

9
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• The design report includes detailed laboratory test data

describing the physical properties of the materials used to

construct the embankment. Shear strength parameters used in

design for the core, shell , and foundation material were

determined by triaxia] . compression tests as follows :

SECTION SHEAR STRENGTH PARAMETERS
Angle of Internal Friction Cohesion

Core 4 23.5° C = 500 psf

~ 31.5° C = 350 psf

Shell 38.7° C = 0

Foundation 4 36.0° C = 0

The Modified Swedish Circle Method of Analysis was used and

included evaluation of 1) the end of construction case , 2) the

sudden drawdown case (I), and 3) the steady seepage case (III).

Both effective and total strength parameters were utilized as

dictated by the stability condition.

2.2 Construction: The construction records were not

furnished by the SCS office in Richmond, but they are available

from the SCS office in Washington, D.C.

2.3 Operation: There is no known operation and instruinenta—

tion procedure .

2.4  Evaluation: Engineering calculations are adequate

and the design drawings are representative of the darn. There

are no records available for dam performance.

10
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SECTION 3 - VISUAL INSPECTION

3.1 General:

An inspection was made 13 December 1978 and the

weather was partly cloudy with a temperature of 450F. The

pool elevation at the time of inspection was 2015.75 M.S.L.

and the tailwater elevation was 1966.5 M.S.L., which corresponds

to normal flows.

3.2 Findings: Field observations are outlined in

Appendix III.

3.2.1 Dam and Spiliway: There is tree and tall grass

growth on the embankment and on the emergency spillway.

Wet spots were observed along the drainage berm located at

El 2026± on the downstream slope of the structure. An area

of damp soil was also located about 20 ft right of the left

abutment and about 50 ft.. downstream of the drainage berm. Inlet

structure and outlet works are in good condition.

3.2.2 Reservoir Area: Shoreline has no debris collection

on banks or vegetation growth along shoreline in the water.

Bank slopes are approximately 2:1 and show no sloughing or

surface erosion. Inlet and outlet works show no deterioration .

3.2.3 Downstream Area: Staunton Dam is located approxi-

mately 9,000 feet downstream from Elkhorn Lake Dam and the

U.S.G.S. mapping of the downstream area indicates no inhabited

dwelling in the region .

3 3  Evaluation: Overall, the dam was in good condition

at the time of inspection. However , some minor remedial measures

are required. Uncontrolled growth encourages the development: of

11
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deep rooted vegetation. This type of growth can encourage piping

• 
- within the embankment and undermine riprap protection. Also,

excessive growth inhibits effective visual inspections of the

darn. The embankment, including its crest, slopes, and

emergency spillway, should be mowed at least once a year, but

more preferably twice a year. Small trees presently growing

near the left abutment and on the downstream slope should be

removed.

Wet spots observed along the drainage berm on the

downstream slope are probably the result of recent ponding

from precipitation, and runoff along low areas in the berm.

The general location of these wet spots is illustrated on

Sheet 2 in Appendix I. These wet spots occur at El 2026±,

while normal pool is at El 2015.5, therefore , they are not

the result of seepage. The downstream berm slopes toward

both abutments to the riprap gutters, thus providing an

adequate drainage system for collecting runoff. If increased

ponding continues in the future, local grading may be required

to allow better drainage of this berm.

The area of damp soil illustrated on Sheet 2, Appendix I,

is believed to occur because of seepage of the water ponded

above in the drainage berm. This condition is not believed

to be related to seepage through the dam.

12
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures:

Elkhorn Lake is used as a source of water supply for the

City of Staunton and for flood control purposes for Staunton

Dam approximately 2 miles downstream. The normal pool elevation

is maintained by a riser-type inlet acting as the principal

spillway. During periods of below-normal flows, water

flow is maintained through the dam by utilizing the valved inlets

below the spillway crest. Operation of these inlets will

lower the pool elevation below the spillway crest but will

ensure flow to the City of Staunton water intake at Staunton

Dam. During periods of above normal flows the pool elevation

rises above the riser inlet increasing the flow through the

inlet. Large increases in inflows which cannot be absorbed

by storage are passed through the emergency spillway when

the pool rises above elevation 2070.

4.2 Maintenance of Dam and Appurtenances: The maintenance

is the responsibility of the City of Staunton and appears

to be performed well. The operating appurtenances are in

good working order, however, the vegetative growth on the embank-

ment has not been maintained in the past year.

4.3 Warning System: No warning system exists. As noted,

no inhabitable structures exist between this structure and

Staunton reservoir.

4.4 Evaluation: The dam and appurtenances are in good

operating condition and maintenance is being routinely performed

except on the vegetative cover of the embankment. A mowing

routine should be established and all trees removed from ernbankments.
13 - •

_ _ _ _ _ _ _ _



- 
- - -

~~
- ---=--5- -

~~~
— 

— --—5-- - -  -----5-5-5-5--— -. 

~~~~~~~~~~~~~~~~~~~~ 
- - -- ., ~~

_.__
~~
;:-

~~
------- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—5”- -‘-“~.--5- 

SECTION 5 - HYDRAULICS/HYDROLOGIC DESIGN

5.1 Design: The Upper North River Dam (Elkhorn Dam)

was designed by the Soil Conservation Service (SCS) as a

multipurpose darn and complete hydrologic and hydraulic data

is available. This structure is a Class “C” darn by the SCS

classification method.

The crest of the riser of the principal spiliway was

established at elevation 2015.5 M.S.L., which would

provide storage for a sediment pool and provide recreation

(fishing and aesthetics). The capacity of the control structure

was established to maintain a pool elevation below the emer-

gency spillway during a 100-year flood. The emergency spillway

is designed to accomodate the Probable Maximum Flood (PMF)

without overtopping of the dam.

5.2 Hydrologic Records: There is a gaging station

(1-6205) approximately one mile upstream of the structure on

the North River measuring flow from 17.2 square miles.

Records for this station have been maintained since 1947

by the U.S. Geological Survey. Some of the highest discharges

recorded at this gaging station are 11,100 CFS in 1949, and 2400

CFS in 1972. -

5.3 Flood Experience: The maximum pool elevation observed

was reached during a storm in October 1972. The gaging station

immediately upstream indicated a flow of 2400 CFS on October 5,

1972. -

14 
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5.4 Flood Potential: The Probable Maximum Flood

(PM?), ½ PM?, and 100-year Flood hydrographs were
developed by the SCS method (Reference 4, Appendix VI ).

Precipation amounts for the flood hydrographs of the

PM?, ½ PM?, and 100-year Flood were taken from the

U. S. Weather Bureau information (References 5 & 6,

Appendix VI). Appropriate adjustments for basin size

and shape were accounted for and emergency spiliway

hydrograph determination procedures as outlined in

Reference 5, Appendix VI were used for the flood

hydrographs. These hydrographs were routed through

the spiliway to determine maximum pool elevations.

5.5 Reservoir Regulation: The principal spiliway

is a riser-type control structure with a combined

throat opening of 21 linear feet. This structure

passes water through two 42-inch concrete pipes.

The principal spillway maintains a normal pool elevation

of 2015.5 and has gates at elevations 2005, 1995, and

1979 for purposes of dewatering and maintaining flow during

periods of extreme low flow. During periods of flooding, the I
principal spillway is designed to accommodate the 100-year

Flood with 9’± freeboard on the emergency spillway.

Stream flows in excess of the 100—year Flood are

passed through the emergency spil].way at elevation 2070.

For routing purposes the pool elevation at the beginning of

the flood was assumed to be 2015.5. Reservoir stage—

storage data and stage—discharge data were taken from the

15
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SCS hydraulic calculations available. Floods were routed

through the reservoir using the principal spillway discharge

up to a pool storage elevation of 2070 and a combined

principal and emergency spillway discharge for pool

elevations above 2070. -

5.6 Overtopping Potential: The predicted rise

of the reservoir pool and other pertinent data were

determined by routing the flood hydrographs through the

reservoir as previously described. The results for

the two flood conditions (PM?, ½ PM?, and .100-year Flood)
are shown in the following Table 5.1.

Table 5.1 RESERVOIR PERFORMANCE

Normal Hydrograph
Flow 100-Yr ½ PM? PM?

Peak flow, C.F.S.
Inflow 9284 18,446 43,700

Outflow - 708 803 36 ,232

Maximum Elevation,
ft M.S.L. 2015.5 2048.14 2069.63 2082.94

Freeboard (ft ) 35.86 14.37 1.06
Emergency Spiliway - 

-

(El 2070)
Depth of flow, ft N/A N/A N/A 12.94
Duration, hours 1.0
Velocity, F.P.S. 20.75

Principal Spiliway
(El 20 15.5)
Head, ft - 32.64 96 110
Duration, hours N/A 4.0 3.0 1.0
Velocity, F.P.S. 39 41.8 45

Tailwater Elevation,
ft M.S.L. 1966.5* 1968.75 1968.9 1986.5

*This is the tailwater elevation observed during
inspection and it corresponds to a normal flow.
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5.7 Reservoir Emptying Potential: A 36-inch

circular gate at elevation 1979.0 will drain the

reservoir through two 42-inch aqueducts. Assuming

that the lake is at normal pool elevation (2015.5)

and an average inflow of 21 CFS is maintained, it

would take approximately 2.5 days to lower the

reservoir to elevation 1979.0. There are no methods for

lowering the reservoir below this elevation.

5.8 Evaluation: Flood routing calculations

indicate that the reservoir will rise to within one

foot of the top of the earth embankment for the PM? and

discharge for a period of 1 hour at a velocity of 17.5 feet

per second. Hydrologic and hydraulic determinations of

the project as prepared by the SCS appear reasonable.

The appropriate spillway design flood is the PM? due to

the “High” hazard conditions existing downstream. The

emergency spiliway will pass 100 per cent of the PH?.

Hydrologic data - used in evaluation pertain to

present day conditions with no consideration given to future

developmen t-. 
-
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SECTION 6 - DAM STABILITY

6.1 Foundation and Abutments: Upper North River Dam

No. 76 is founded on alluvial, colluvial and/or residual

soils, all of which are underlain by the Hampshire Formation.

The structure includes a 20 to 50 ft± wide cutoff trench,

which extends to bedrock. The principal spiliway is founded

- primarily on sandstone, however, the outlet is underlain by

sandy mudstone. The emergency spillway is in cut material -.

which included weathered sandstone, siltstone and mudstone.

“As—built” drawings of these various areas are shown on

Sheets 2 and 5, Appendix I. The test boring and test pit

logs are included as Sheets 3 and 4, Appendix I.

The dam site is located within the Valley and Ridge

Physiographic Province of Virginia, which is underlain by sedimen-

tary rocks from Middle Cambrian through Early Mississippian

age (see Reference 3, Appendix VI). In the Staunton area,

the province consists of the Shenandoah Valley to the east

and a series of much narrower valleys and intervening ridges

to the west. The eastern portion of the province includes

southeastward-dipping thrust faults and asymetric folds,

which are overturned to the northwest. More open folds

are common in the central and western areas. Most ridges are

“held up” by sandstones and conglomerates, whereas valleys

are underlain by less resistant shales and limestones.

The dam site is underlain by rocks of the Hampshire formation

of Late Devonian age. The Hampshire is approximately 2200 ft

thick and includes moderately to thick-bedded , brown,

18 
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mediurn-grained, arkosic and micaceous sandstone and lumpy

red to green mudrock and shale. The structure rests on the

west limb of the West Mountain Syncline, approximately 2000 ft

west of the synclinal axis, which strikes 40 degrees ± to

the northeast. The left abutment consists of a steep natural

slope (700e) . The right abutment/emergency spillway is bound

by a very steep manmade cut -over 100 ft in height. This

cut includes three 10 ft wide berms.

Sandstone bedrock is exposed in the left abutment, while

sandstone, shale and mudstone are exposed in the emergency

• spillway cut. The sandstone is brown to gray in color, fine

to medium grained, thin to massive bedded and close-jointed.

The shale is brown to red in color. The geologic report -

describes bedrock strikes ranging from north to 70 degrees

northeast and dips ranging from 9 to 15 degrees southeast .

Measured attitudes in the field agree with those reported

above. Wedge-shaped joint patterns were observed in the north

abutment. These joints dip steeply and strike from 25 degrees

northwest to 85 degrees northeast. No faults were observed

in the field during this investigation and geologic maps of

the area do not show the presence of faults in the immediate

vicinity.

19
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The potential for seepage does exist within the foundation

since the dam is founded, at least in part, on sandy and gravelly

soils. This material ranged in depth up to 40 ft* in the

terrace deposits encountered in the right abutment. Rock was

exposed in the stream channel. Field permeability tests show

that this material is permeable to very permeable. In an

attempt to control potential seepage, a cutoff trench was con-

structed and reportedly extends 1 ft± into firm bedrock. The

geologic report describes the underlying bedrock as being quite

impermeable; however , some seepage was expected through joint

systems in the rock .

6.2 Embankment: The upstream slope is 3 horizontal to 1

vertical with crest at El 2084. At El 2017 the slope flattens

to 10 horizontal to 1 vertical forming a berm for a vertical

distance of 1 f t .  The slope continues at 3 horizontal to 1

vertical to natural ground . Normal pool level is El 2015.5

or 0.5 ft below this berm. The downstream slope is 2.5 horizontal

to 1 vertical with a drainage berm at El 2025. This 10 ft wide

berm slopes towards the dam at 10 horizontal to 1 vertical. A

sloping core consisting of SM and SC material with 3/4 horizontal

to 1 vertical slope is provided to El 2070, the same grade as

the crest of the emergency spillway. A typical section of the

dam is included on Sheet 6, Appendix I. The core material is

designated Section No. 1. The material comprising the downstream

shell becomes progressively coarser ranging from GM and GW in

Section No. 2 to GW in Section No. 3. The upstream shell

designated Section No. 4 is also GW material with a finer gradation

than the downstream shell. The downstream shell may be considered

2fl
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pervious with drainage from the core or underseepage from the

foundation passing to the downstream rock toe drain, Section 4A.

6.3 Evaluation:

6.3.1 Foundation and Abutments: Darn foundations must be

evaluated on the basis of potential settlement, sliding and

seepage. Excessive settlement of the dam is not believed to

be a problem because the st ructure rests upon fairly competent

bedrock and firm to compact alluvial, colluvial, and/or residual

soils. Gradual consolidation of underlying soils would be

expected during application of fill materials. The underlying

soils probably had essentially fully consolidated under the

applied load at the end of the construction period.

Sliding within the foundation bedrock does not appear likely

based upon the design load and the nature of the Hampshire 
-

formation. In addition, a review of the geologic data indicates

that there are probably no adversely oriented weak planes

within the foundation rock that would act as a potential sliding

plane. -

Seepage was not considered a problem in design because the

underlying bedrock was believed not to be susceptible to piping.

Since construction reports were not available for review, an

accurate determination of the foundation conditions under the

cutoff trench is not possible.

The steep slopes which form the right side of the emergency

spillway are cut into partially weathered sandstone, shale and

mudstone, and were considered safe and stable at the time of

investigation.

21 
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6.3 .2  Embankment: The embankment slopes meet the requirement

recommended by the U.S. Bureau of Reclamation for small zoned

earthfil l  dams on stable foundation. Since no undue settlement,

cracking or seepage was noted at the time of inspection , it

appears that the embankment is adequate for maximum pool level

with water at El 2074.7.

The stability analysis was performed with a section slightly

different than actually constructed. However, the geometry of

the dam corresponds very closely to “As—Built” drawings. The

differences are not considered significant. The strength

parameters described in Section 2 were used in the stability

analysis. The report describing the engineering design data

used in the-stability analysis is included in Appendix IV.

These data were reviewed along with the stability analyses and

were found to be acceptable. The factor of safety of the up-

stream slope for the drawdown condition is 1.52 as given in

Appendix IV. Reference 1, Appendix VI recommends a factor of

safety of 1.2. The factor of safety for the downstream slope

under steady seepage condition with drain (shell) at c/b = 0.6

is 1.82. The required factor of safety is 1.5 according to

Reference 1.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment: The Upper North River No. 76

Dam at the time of inspection appeared sound and in

a safe operating condition. The spiliway will pass the

PM? without overtopping the darn and is considered adequate.

There is no apparent problem that requires immediate

action for the normal pool conditions based on the visual

inspection and a review of existing records. The actual

embankment structure appears to be similar to the “as-built”

drawings. Without the construction records, the conformance

of the embankment material properties to design requirements

cannot be assessed. The design factor of safety for rapid

drawdown and steady seepage cases meet the requirement of

Reference 1, Appendix VI, and the embankment slopes meet

the requirements recommended by the U. S. Bureau of Re-

clamation , Reference 2, Appendix VI, for small zoned

earthf ill dams on stable foundations.

7.2 Remedial Measures: There is no immediate need

for remedial measures; however , the following maintenance

• is suggested and should be initiated yearly. These measures

F are suggested for monitoring and maintenance purposes only.

7.2.1 The grass and weeds along the dam crest, slopes,

and within the emergency spillway should be cut at least

once and preferably twice a year. We would recommend

maintenance in the early summer and fall.
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- 7.2.2 Removal of all trees or saplings from the

- above described areas should be accomplished every

year.
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DOWNSTREAM CHANNEL
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FIELD ~~~~~~~~V A i  i c -~.s

Name of Dam : Upper North River No. 76 (E1khorn Lake Dam)

County : Augusta

State: Virg inia

Coordinates: T.M 3R° — 19.6’ Lonq 790 13.25’

Date of Inspection : December 13 , 1978

- 0Weather: Fair , temperature 45

Pool Elevation at Time of Inspection : 2015 75 M.S.L.

Tailwater at Time of Inspection : 1966.5 M.S.L.

Inspection Personnel:

Schnabel Engineering Associates , P. C.
Ray E. Martin, PE.
Stephen Ga- Werner (recorder)

J. K. Timmons and Associates, Inc.
Robert G. Roop, P.E.
William A. Johns (recorder)

State Water Control Board
John Hyden

1 Embankment:

1.1 Surface Cracks: The slopes, crest, emergency spiliway ,

and abutment contacts were inspected and no cracks were

noted. The embankment portion of the dam and spiliway were

covered with 3 to 4 ft high, light vegetation , making

observations difficult. Small (1 to 21~ diameter) trees were

growing along the embankment at the north abutment contact and

also on the downstream slope near the center of the embankment.

1.2 Unusual Movement: No unusual movements were noted on the

dam or downstream beyond the embankment toe.
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1.3 Sloughin9 or Erosion: No sloughing w~ s rioted, Lcw~ ver , ::- i

erosion ~--as noted along the south and :-c~r~ h ~~~~ -n t  contacts.

The erosion consisted of approxin~~te1~ 6-inch ~cep gullies.

1.4 Ali gnment: The vertical and horizontal aiitj! :-~?nt of the

dam was visually observed to be in accordance with “as built ”

drawings.

1.5 Riprap: Showed no displacement or washing and appeared to

be in proper alignment.

1.6 Junctions: Conditions appear good at the junction of —

the embankment and the abutments. Numerous sandstone outcrops

are exposed throughout the steep ridge which forms the north

abutment. The sandstone is brown to gray , fine-grained and is

thinly to massively bedded . Crossbeds occur locally. Bedrock

strikes 65°NE± and dips 18°SE+. Wedge—shaped or subrectangular

joint sets were also measured: N25W, 90 and N85E , 85SE. The

emergency spillway is i-n cut along the south abutment, which

includes steep cut slopes (75—lOO’ ± high) with benches.

Slopes are not vegetated and the spillway is cut orimarily

in sandstone. Scattered shale interbeds near the middle of the

slopes are capped with red shale. Bedrock strikes 650NE±

and dips l0°SE±.

1.7 Seepage: One damp spot was noted about 20 ft right

of the left abutment and about 50 ft-~do~nstream of the mi~ slope

drainage berm. We believe this wet area at about EL 2005 —

is the result of surf ace water seeping from the drainage berm

above. 
-

- 
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1.8 Sta ff  G~~ e: None found.

1.9 Drains: The embankment contains a downstream rock

toe drain which extends to about EL 2023 along the north

abutment and along the toe of the embankment and a portion

of the emergency spiliway . This elevation along the left -

abutment corresponds with the outfall elevation of the

downstream drainage berm at the -left abutment. No discharge

outlets were noted , however, the drain terminates on each

side of the principal spiliway pipe and is presumed to

discharge into the downstream channel at this point. The midslope

drainage berm contained a few wet spots which coincided with

- - low areas and these are believed to be trapped surface wat~r

from rains which occurred just prior to the inspection.

The approximate locations of these wet areas are illustrated

on Sheet 2 in Appendix-I .

2 - Reservoir:

2.1 Slopes: The upstream end of the reservoir is occupied by

the river floodplain . Steep natural rock slopes with numerous

sandstone outcrops bound the left side of the reservoir.

The right side of the reservoir is graded locally but

consists primarily of moderate to steep natural rock slopes,

with sandstone and shale outcrops. No slide areas were noted

around the perimeter of the reservoir. Sloughing was observed

along the toe of the cut slope at the east end of the spiliway .

2.2 Sedimentation: Slight sedimentation at stream inflow

(alluvial fan of rock and sand). No evidence of any bottom

sediment buildup . Water was very clear.

111—3
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3 Downstream Channel:

3.1 Condition: Good . Channel has rock bottom .

3.2 Slopes : Downstream, steep natural slopes with

sandstone and shale outcrops occur along the. 1~ ft

and righ~t sides of the stream. The stream valley -

narrows considerably, below the dam . No slope

f ailures were noted in the valley adjacent to the toe

of the dam.

3.3 Population and Facilities: None. Staunton Lake is

9,0001 downstream.

4 Principal Spillway:

4.1 Intake Structure: The structure was in good

condition. Gates were well greased , however , the lower

gate -i~ inoperable. Catwalk was in good condition.

Concrete on the structure visually was in good condition.

4.2 Outlet Structure: Was in good condition. This

was viewed from the downstream end and pictures of this

can be seen in Appendix II.

5 Emergency Spiliway:

s.i Channel Section: Was found to be in uniform shape

wi th exception of one section adjacent to Handkney

Mountain , which showed sloughing of side slope. The

bottom and side adjacent to berm was well vegetated

111— 4 
A

- - -: 5-5- - - - - - ~~a-~~~~~~~~~~~~~~~~~~i- -a- - -  _________



— — - ~
5-!

and found to be in design conf iguration. The rip

side slope was in good condition . The lower end

was a broad f l a t  area in uniform design configurat ion.

6 Instrumentation:

6.1 Monwrtentation: None

6.2 Observation Wells and Piezometers: No

observation wells or piezometers were noted in the

field .
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- :~3 : B. C. I~a~rn~s, Sl~atc Cc 3crvat~o~ En~1:~~~r , ~ DA~~ : Ju:~~ 8, l;~ 2

- . - 
$OS, Ric1~ncn cl, V~r~inia - 

- 
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- 

- .- •

: Fi1C~~ ~ : 1~ey S. Decker , ~Ie~i1, Soil ~ ec1utnico Lr~boratory, . 
- 

-
. a- 

~ 

- 

~ - 
.
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Scs, Lincoln, N-~brask~ ~ : ~ 
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- a- ~ 

- 
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- 
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.

su~-iLC?. Vir~lnia PP.2, Upper North ~ ivor , Site 1o. 76

1 Fcr~n SOS 35k- , Soil rech~nics L:bo~atoL7 D~ta, 1~ sb~eta.
- 2. Pc:r~ SCS 352, C~~paction and Pan~tratio~ Res~st~nce Report, 15 sheet s. - - 

- 

-

. .

3. Fij~t’xea 1. arid. 2, Void-Ratio ond. 
Percent ConsolidatIon- vs. Lda~1 Curves1 ... 
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- 
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2 ohects.
- ! 
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— lii . 1?~~m SCS 355, TriaxIe.]. Shear Teat Data, 6 sheets. -
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1. - ~
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- . 5. Fonn SCS 353, Figure -3, Gradation of Lax-se Diametct Shear Spec5i~ens, -
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- - - - -v -~~ 

- a-
. 
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-

6 rorm SOS 3~i7, Figure ~ , Surrmary o~ So~ 1 1!ngineering Properties on South
rork ~‘atershed., Ucst Virginia, 1 ahect.

• ‘.. ~ 7. Form SOS 357, Sur~mary - Slope Stability Ana1ysi~ , 3 sheets . - 
- 

-
~~~~ 

- - : - - - -

8. r~.gure 5, E~-t tsnate of Co~aatruction Pore Piccaure, 1 ahcet . S
9 rigure 6, rs~imate of Seepage through the Bodroc~cin the Flood Plain

- :  - 
- — - Section,- 1 sheet. - 

- - 
- 

- 
. 

~
- - 

- 
- -

- 
. - 

- 
-

- - -
- 
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- 10. For~n SOS 353, Figure 7, Grain Size’Distribution Graph, 1 sheet. - 

-
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:-‘~ 
: - U. Figure 8, Percent Consolid ation vs. Load. for the E n~ nent Core, 1 shoet. -

- - -- ,/
12. Form ~C~I 372, Eubanlcment Placement Ikcc~mend.ations, 2 sheets.
13. Geolceical Plans end Profiles.

DISCt~SI0N
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- FOUNDI2IGN: - . 
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-
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‘- - - p . - 

- - 
- 

- 
- a- 

- 

- - - a- . -
-

A. Cl assification The bedrock at t~bia Dit3 CO~~3iS~~S of a1~ern~iting b~cte or
- 

- 

~
- -

- ~~~~~~~~~~~~~~~~~~~~~ o-Z ver~ fine sandstone and. siltatone or mud.stono • The bedrock in - 
-

toe -‘..alley is d.escrib?d. a-s e~tre uoiy bard..

Bedrcck is £~cposed on -tao rel aLvely c~oep lot~ abutucn~ and in the c1-’c~vwa-1-

- ~~ction . TI-ia bedrock in the flood. plain and.- terrace level to the -ri~~t of - 

-

- 

- the channel is mantle& ~d.th ~~ave1ly end cobbley material. The thickness 
- 

- 

- 

- of ~~~ m int]e through these SCCtiOt S i’Elfl OS fro:n about 3 feet to 1~O f~eot. - - -

- - 
-- 

~~ . 
- - -

- Samples df the montle fron the ~~ci-aity of the toe drain indicate that the -
- 

— -

- ‘ material in the fl~od. plain is very coarse (27~ fin~r th~n No. 1~.); uharc~o,
~be surface material in th~ ~eri ace is cons idei.ably £~.ncr ~n-tth abo~~ 55~

- - - : finer t1~~ the 
• • 

•~~~~ ~~~iZC ~~~~~~~~~~~~~~~ -cobbles. - -: - - 
- 

- - 

- - - 
- -:. - 

-

The bedrock in the right abt thent Is ~nan~1ed. with residue). siLty sa.ids ~.odepths of abou 20 foot. -

B. S~cex Ste~~~-th: Stcii’la,.’d. penetrabion tests yore mado in the nfluvia3. end.
co11uv1a1.r~ cvelg. The b~.ov count %7as high it is quc ctiori.able, ho ;evz~r,

-
. 

- 
- ~.botber --blow count ceit 1be~re1atec1 -to~ ~bcar Btrength in- a cobb3ey material. - - 

-
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- -
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~~~b1~: 

V-ita-
~:~~~

t 1ca-. — 2, U~:;~r I~c A ~t.~1 ~~~~~~~~ St e  i o .  ~6 -

a- - 

- ~nch ~~ thin .~ A i i~a-: z5~ 1 ~;~ic -r ~~~~~~~ ~~~ :~‘:~~‘i t~~ ; . t~~-5c1 £rc-~ -~he flc~i.
C) p~

1a-c5.~: ~c~~-o~r ~rc-~ . ~~~~~~~ ~~~~~~~~~~~~ r~_’
_
.~.__~ c~~u- ’ :-- zi ~~ ~.i~ cu~~-:~i n..—i -~e: ~~e ez~~n ;_ -

r~~t. ~ et~~:ic~i o t~i~~ ~~~~~~~~ ~~~~~ o~ th-~ ~~~~~~~~ t ~~ ~~~~ ~ ~~~~~ - 
- -

- 
-
~h~i; 0 ~ 3-~5~ •.:c’ildI b-:~ a cor~~~~~--:e~~~v.~ ~~~~~~ ‘:alue ~ or ~bc ava-~11~ ~~-1

- ce~b~~y tGu~’- -~:(’~tto~ n~aLc~r1a~. . - - - 
- 

-

C . F- r-:~ b~~ . : ~ ~e)il ~~~~~~~~~~~~ t~~t~ ~~~~~ ~~~~ -~a t~;o 1oce~:~e~t~ u~ t~ e - 
-

- - - - 
~~~~~~~~~ce r:i~~~~1. Cc::~; - . ~~ ~‘~1 ez•’~:~1i.~y ra~~3 ~~~~~ c~ ~~e i1~c~d. ~~~~~~~ . . ~ - ‘ a-

- 

- - ~ :i1L~~r tc~ t ‘:~Ic~.-~~ in I-be ~r2r,1oa-~~c i-c--j~~r t  r::c~ -In th~ r~n~e o~ 3 to 6 rc ~t : . -

~ r-~r ‘3~ ’ i-n j~~ tic,:-i!;c-~i- - ni;~~c~r~.al ei~~ ~i’c~-t 37 ~o M Zc .~t r~r ~~~ i~. the • 
-. -

- 

- 

- ~ - r~c:I~-\~L2at loor;er 1 lo-:a-:’r b1o~-i count z~ac) zate-~i’1r.)•. !~‘h~ cc~.-tijtthod i~~~~~~~
-
~~/ for - - 

~: - :
- - - 

- 
- c ~~th f tC~ d. ~‘~5t 2~~

a-
~~I~OP!11 O. t~h(~ zlt~~ a-!~ C3~ Cd. !L 13~O~i.lC. - - ?he rat~ca . -~~~~~~

. S  -c p~v~~c1 - 
- 

-: . . 

- 

~~~~~~~~~~ ti~~~~ ~~u~tio~ on~i data given i-n the o.t~en end. p~r ~nbiLity t~~t i)~3 (t uro
- 

- .~~ th t~b~ BureE.u of ]~cei~~ation’c, “Ea’:th I~~ iua1” . There is a sti~fl error in- -.

- - 
-

- 

- 

volved. since thr h~ad. vz~~not conBt-’~1t. The rates v.~rc cc~~ut~A ~~~~~~~~ - - :- ~

r,~~ cs of p:r~rcabiU14r and) ni-c b~Uc.c& to be saticfactory for ct~i~ p -~~ r~~e

j ’~ e:~~3re torts were cond.uctJl In the h~~roc~ at ~~ ~ra1 location T~~(
~) 

I - ~~u1t~a of ~L-he tctt~ t~xe i~-cl’~JM in th~ t eolo~y report. Pe-rra-ec.bi.lit:, rc.tes
a- : vc~ e c~rnputc’~ ~:oi this dtit.a in accori~ nce ~~th -tb~ eq”-r’~Lon k ’3  C~. -

- - - - a - ’  -
- - 

. Ill - -

- 
- - - 

~J.ven- in the ?acke~ tr~3t prooa-:th~re in -the ~ 2’~caa or i~eclc-;!3tio~ ‘s “~a’-th 
- -

- 

- -
- - ifrnu ol” . if ;~as con eid.arocl aa th~ cJinta~tee tron the ~rc.~rxd si~~i aco to the I -

- 
- r•1dj~otnt Of~~~~~~5 tent zc~no. I~) t;at.cr ta~le w~s co~ -;id.e:~-ccl, exz.e ,t in - 

-

- 
- a- hole ~ 2 ~-;h~i~ th~2 watcr tz.thl,e ~az co;:-si~ercct at 22.5 1c~~. 

1ib~ ~ t~n.~ tor ‘

. -
. -

~

of the ~ez-b hole wac co.’~~ crod. as ?‘.X.

1L
~’e ccrr~p’thcd pe~ iwbilitj rates arc ~~~~~ on tao a~,tc~ch’4 ro~fl~ LC~3 3~).

A C ~~~~~~ ~ ftc-~ icn - Thc, berro’: meteriats fall 1~ to tvo g~ne~. a]. c~~~ ori~~ con—
- 

- 

- 
- t3n~ of (1) t,b~ rc3. &2n& taae an~t ci1t~~o -zo t~ros -th~ er~~ney s~111- - 

-

~~ &/ ..J2’l ~t.L43 oDU~Ueflt d.O~1DS~~re~’TA frora he spiUwo~r lifl-3 (a) the f~ooi rl~-ti~r~teiial.

S ‘— ri’) CS ol’ the ~eat~ex ed. s a~3r’tone rci~~ed. from CL-~ çL to G~-C~i • ei at
- - --  

- rcn;c of r~ritcria1 eppears SC-SM, ho~cver~ with the percent of fines :—an~iwj 
- 

- —

- - - - - - 2E5 oti the ~C~
_(

~4 to 53 o~ th (41L-~1. - The percent. of ~rave1. ran~e& fra* 15 - - 
- -

to 1~5 ~~z cer b I

.
- 

a- - The -flood. ph~in &covcls cen be dttTidc& into - 
~~~~ro3. ~~our n, ba~iod. ot

- - 
- 

- -(ha r otrnt cf Zr1~vol. or cobblee lergar- the.n3.O inc.-ho~ ~ Scnpicc 62?’3108,
- 

- I - 
- - 6au09, 621W.1O ~cnd. 62i’lLt2 ~ot~ e.incd. rroi~ 2t~-to 3.S percent xaai ori~1 fir~~

tha-i~ 3.0 inc.~~s in d.it~~ tor. Scmplea 621’flU, 62fl113 c41& 6~i?llll~ c~~ alufrc~ 53 to 63 par~cnt firi~r than 3 0 i~c1ie~ ~n &ic~teuez.. t
—

B. Pa-~r~~ bility: Eati~zato4 por~~ability rates of the ~mbon1~~ent ~atcr1~~.~
~Z~~~~i’toun iii the !ollo4ng tab] e: ~L - ~ 
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‘ St’bj: Vir~ii1i~. fl’-2, Up~~r ~orth River , Site ~o. 76

— 

— T~ e cj : Lab . S~~~-~1e -~ ~~ - • 
. .~ize ~i~u~3e

( - ~~~~~~~~~~~~~~~~~~~~~ 
- ~~~~~~~~~~~ ~~~~~~~~~~~ ; Co~sj ~ cred

I~~F;idwil ~-1l.ty : - - 
- ~ - 

- - 
-

C :i :• ~~~~~ ~.Gne ~
- 

- 
- - - 

- 62?L097 - 0 . 007 ~ - ;4inuz No . l~. - ~I

(}~y-~ an3~ cn:~ ~~~~~~~~~~~~~~~~~~~~~~~~ 0~~O9 - 
~ _ l-T1rLW No. ii-

CZ~&i’5:Tl-~Cd P1-si-n - - - a- - - 
- 

-~

-
- 

- 
- 

-

3o1ro~7 — 
62F3~loB 18 0 ricid. C-1-a~~I.to~i

(~ belL ~c~tion) o o~ ~~ ac ~.icI i. F~~4cr
- . -- 

: ~ •~ 
- 
: - 

~~~~~ 
- 

~ 
- : - 

- ~ . ~ 
-
~~

- -

-
, 

- - 
- - 

- Ti-ion 6.o” -

62FL109 2004 Tield. G~
25.0 rLaction Fiii~r

T h n  6 0”
62FL110 - 180 Field. G~—edation

17.0 Froct~o’~ rin~r
— 

- ‘jnan 6 O”
&~U12 

a-- 200f Field G”ad.ation
r 3 0 - l~’rac~~on Finer
/ , 

- - ‘  - 

- -
- 

- 

- - - 
- Teen 6.0” - - 

- 

-

Fii.er Flood. 
- 

6a’iiii 6.0 ~i~&~Eia-on F~ner
- 

- - - ;  - - 
- 

- - -~~
-
~~~~ 

- Than 6.0” -

pi~ .n end. Terrace 62~?LU3 0.5 1~ act~on Finer
Than 6 0”

Dorro’J 
- - 

- 

- - - 
- - - 6~ ?L11)& - 

1.5 - 
- - Fraction Finer 

-

(Shell Se~tion) - - - - 
- 

- 
- 

- 
- - 

- Than 6.o~ -

- 
- 

The peiiri~abi1ity rates shown for the coa-e section were i~-ieas~ired. rat-es on 
- 

-

- - 

- - ti-ic ccnselidation test sp~ciin~ns. The rates shown for the shell ~ate~it~1~ - - - 
-

- - were -~~StiI ~Ia~GOd f ran ~azen ’s Forimile., k = 2 (1)10)2, vh~re the D3.0 ~tze is. 
- 

- ‘
~~

- 
-

-

- - - 
- in ~nrn . and. k is in feet/iuinuts. The ce~nputed. rates axe repc~rted. in feet!

- 
- - 

- day 13.-id vere reth.tced. or.e ord.er of uo~~itude, sccordin.g to the appro~~~ate 
. 

- - -
- .: - 

-

- - correl.ahion Of D3Q•-tO ID 5 SLT.e us conteined in the ~~eli~nin~ry report by~ - 
- 

-

- 24orafl, Proctor , Mueser end. Rutle~go on the “Study of Effective Use of 
- 

- 

- 
- - 

-

- Coers- Gratned. So-tI-a in Construction of Berth Fill Dezu ” . - a- 
- - .

C. Ccca--pr’ct.act 1)ouslt1 Ste.nd.srct Pioctor cccrpactlon tcsts wcre rnwle on tIre

~T h & ~ T r 2~e fraction on 15 of the borrow sziriiplea istibm.d~t-ed.. The
- test d.ata is shoi~;n on the at.tacbecl Forms SCS 352. -

- 
a- Corrected. d.ensity- for - - - i 1- - -

n.aterio3. Lar~er then No. )i. sit.c is e.lso shown.

The b irov semple~ wore submi ttcd. in moisture-proof b~~n. In orL~r ~o
- 

- - obtain cdditiona]. inforsnatithi on the ccmp~c-bion charactert stice as well as - - 1- - - - 
-

- * 
- 

- 
- the field. - moisture coutcnt, 

- a. a~ee1l portion of the moist s~imple finei’ tb an - 
-

• - I I -
- 

- :  a- 1 3/2 incb~5 in cl1ar~eter vve c~npacted itt a 1./30 c~ 4c foot mold. end. -also- -
- 

- 

- - 

-

- - - -
- 

- 

in a 1/13.3 cubic foot mold. using Standard Proctor effort. - The ?./30 cubic 
- 

-

foot no]4 has a ~4.0 diameter and. th3 1/13.3 cubic foot mold has a 6.0
inch ‘lierteter. _~~~~~~ ~~. -. -
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a-

S 
~~~~~ : ~~-r~~ via TP—2, tJ~’;z~ i~~~th ~~~~~ Site i~o. 76 - - -

a- 
. !_-

~t
•c:g CC~~~~~ C~~a-~~ C)~i lfl t~j~ ~~~~~ t~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~ - - 

-

- ~~~-u~;i.ai :t.n t~~ i./:~.o e~~,ic fca-~~~~ ~-:o)-~1. ‘JitII t~ra-~~:at of a-f~t~~ i:~l ~~~~~~~ -

Li tb~c:t ~ o. ~4 ]:t.own , ~it we—s t::a-~~i. ~~~~~~~~~~~~~~~~~~ tO CC.~ j jUt3 ~~ C ~~~~~ Z a - t~~ C~~ & ~Toi~~ lu~-e

a- 
cQnt~uit o:~ -L~~ t~~ra~s i~o. )4 frz~-C~ ic.i i.  : - 

. . 
~ - ~ 

a- 
-

‘2~1o C ~~~~~~~~~ Us~L:~ c~ 1~~tiorr% ror —oh rc-’ct~n~ tIr? e~~ ractcd C~e-~si ~ ~- I oi:-
- 

- 
t~.::L-e co,3:;;~nt becL~d. on t.I-~c pYA-c~ t1-;; j~!atcI-ia1 lar~er i;1~ nt l~o. ~4 ~~~~~~~~~~ ~2~CZl ~

~ ~~:e C~ii:;ht~ ~~~ ;~ ei~~~;tLrC ccx~tent of ~~~~~~~~ ~~~~ ard. rock ~ii;-:~ure ~~~~~~ ~~~~~~—a- : : ~ ~ T�ere~tore, ih~ c~ uc~tiona w~r:o ool;v,~ i for ~~ j~ç j~y ~~ (~~ r~o~sturc eo:t-
- -tc;it Of -the ~~~ni~~ ~&~To. 11. fri~iction. . T~e cc~iputz~d tie isity end u~o5i ture t- on- . -

- 
- - 

~~ nt Of LIi~3 I~t ~uC 1~o. ~ fIt ~~~~t1Ofl is l3howfl on the- cc>mp~ction ~ rep-~r~ s - t~:ith . . 
. -

T .!1~~~~on ~.o •~a-ho BtE~fl’~ fla-t & ~Ub~aOL1On c~.a—ve.

~a(L ii-’ 1]. not~’ tb~ t ~ h~i a -to pS-re ~t j  ~ood. a~rce~ent be ~~~on th-~ S a-~an~e~. 1
P-coc cor c.ir~a and. the. co~p~*a-cd dons~ vies. 3.t is, ~~~ acore, c~ns~~~r~d.

- - that the “rock correction” ~~ nox~ne1i~ used. b~ the Lab~mtory. is r w~ole 
- 

-

IC~ d.-~na- i~J control or ~hcro ~atcr~~ tc -

- D. - C sc1i&xtic~i: Consolid-at -or 
- 

~nts w e e  lflGa-L (O Ofl tWO S~zn~ iCS tb~t~ pt~C~~~Ztt
fle co’e ~ecLion of th - ‘-~1~aant. The lcc~t3 wera-~ macze on U e rLtnu~~L~o Ii
ticLc LA.on -Crc.~i S~z~ l’-~a < _j f l ~~.g  cn’l. 6c2l~O) The &~e~t sor~ les v~~e cc~.i ‘tel

- - a- 
- 

- 
- - to 95 porceat of. St rd Prcctorl densit~r.- Thc yo:~d.-thbio versus- lozii zuid. - ~ - 

-

- 

- -~~e ~orcei:rb cons olidrition of -the - Lc~bo~atory st~~ple~ are attac]’ad, Pi~ures 1
- £rd 2. - — - 

-
- -

- 
- - - 

-

-

E. S S r - c -i. ~~iesia]. n1iea~ tea .s 7C1C ~~~e on SOI-I~j~1CS 6~’io~~, 6~~ ’o3
- 

- - c~-~c1 ~21~1lO7 to rc~,reuent the ccn~er ~c-ction of the ~;nban~~e~it. She.~r. tests ¼:
- 

- 
- vere ~~1o on a mixt~ne o-Z 62F1108, &~‘ii ii, 62?1113 aid 62Flith to re~ re nt - - 

-

t.5
~-.e shell scct ons. A tot~t of three. teets were r~iie on this ~~teria~ , con- 

-

-
- 

- - - ~~nting of t-~-;o - tests uzing 1~~~ ~nd1i dtcthte~ test ~c1mcns wj-~h a r’~~ riu~ -

. 
- -

~~r~-~5 ole ~ia~-eto~ of 1 0 1~eh ~i~d one best u~in~ 6.0 inch aj a~—e ~er to—u
-

- £~ ecit~aris with a~~ e~z~ imu por~icle di~~ eter of 1 1/2 inch. - The ~bear ~~~~~~~

. -
.

c~Yto1L1od tire ou raarL~cd as follows:

- i - 
- ~~~~ -; Di.c.r’cter bf ,- . 

- 
_ - I  - 

-

- - 
-

Sc~ i1o E’~b. Cf-Sc !ro~ b D ti63.ty~ ~ of 1)c.ree at 
., ~~

!To. Repra~icntod. S~eciLen (p.c.f.) a- St bid. Sa~.w~at1on 
~P ~~~~~~~~~ 

ia-.)
Proctor (~~~

) 
- 

-

6aiic~rt Center ]..li 105 5 95 1 2~ 5’ 503 -

6~~lio3 Ccncc~? l.~ 103.6 9~ 8 95-P 2~° 353
62?1)cq Ccntcr I. J~ 1)0 5 95 2 97+ 26’
62P11C8 ( Sh~U 4.0 .321 95 8~-08 360 0

1111 Shall / 4.0 3 32.5 100 91-91 36° - ~$751313 Shall 6.0 138.5 L.Q2 ’ iqo i3 3003
, ‘1)2.k 

— 

_ 1 
— 

—

S 
—

P1~~e r~rescu~’O ~r~a mec.a~rcd. tuij,th~ test c~ Sample 62~?1103 crd the offec-iLve stress vsluon are reooi-de~ o~ the tria~d.a]. cbo~r best data sheet.
~;~~~~ kl _ :~~~~ 
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F
- Cub,~: V:!-ri;-J-ni-,. iT-2, Up~~r~ iTor~h T~ -~a~-, SitC 1o. ~o -

- . 
- The ~:rw~~tic>n v-:ec1. for to’-~s 021 tI-ic .thcl l ~-:r ..taricli is 5~a-1C~;—’~i or. the ottached

S •
~ 

~~~~~~ SOS ~~~~ Fi~in-c 3.. ~~~~~ ~;a-:~~t 5~~ L)1~~ ~ ?t:~~~C 3-~~i-~il tc: ~~ za-ic~ n. So~cc__I 
- troul-le w-r~4s ~~~~~~~~~~~ ~~~~ cc-a~ -~l a tic-;~~ a-~ l ~1y~:~-7z~ l~~~ts en t1~~ze -

- 1ar~;c di~r-ci~er ~ast s~~cii~~ns. ¶~~s ata be1i~v~d to be ~rite cc~~~ s-~~nt, - 
-

- . ho-~-;~~-cr, in t~ict -L�e 3tren~~lt incrc~~ ed with dens~.ty as ~ould be ex~-ected.. - 

-
- The c. valt~e obteit~~d. is b~1icvc-d t~ he d.’e ?ri~tnriI-y to the incrca~;cd cien- -

~~ty of the fin~s. ~ou srill note that c was 0 a.t 95~ of S~~~~ ard, 
~~~~~~~~ - -

- 

-
- p s.f.  tit 1(s~-~ of Stan~-erd. end 1000 i.s .f. at l02~ of Stenierd F~octcr. - 

- 
-

- 

— 
- - The ~ fl~~~Qf~~~! in 0 between the 4.0 j~ch d1~~neter tcst-e ~~d. the 6.0 inch - 

-
. 

- - -

-
- 

- - 
-

- ~.~~ icter te~1t is due, in ~iai-b, to the increase in ~raiel p3~ centa~e fran - - - . 
-

~4 tc 56%, copoctively.

-; I- - - - :: - The shear d.~cta obteine~l on these. ~r~-.e11y ~iaterials are in pret ty ~oed - - 
-

- 
- :  

- 

~~- - ec~c-!nt with d ata previously obtained. on ~ ranulc~r material. from the - -  -
- 

-

- 
- South Pock Watershed. in West Virginia. A si~r~ary of the avers~ja yaltes - - 

- 
- - 

- -:: 
-

fr an the Sotcth Pock ‘Watershed. is attacu td. for comparison, Fiau~-e 4.

I ~L0PB ST~~ I~~~’

-
- ~~
“ -

- 

The stability of the ~ropoaed. einban]~r~ent was checked. ~cl~h a ]4cdified. Svedish 
-

- - - 
—

- — 

Circle ~ ct.hod. of analysis. T~ro sectic.n~ ~core analyzed. -.- one at the che~r~21 - 
- 

-

- - - section -where tl~.e badrock occurs at a. vei-y ~hellow depth ond. one on the tai-race - 
- - 

-

soc~ion ithers fxorn 30 bo 
hjO feet of ~~ avelly watcriai. o~ ei lies be& ock

- 
- 

- The analFsis co sidered a zoned. ~r~bani~me~t- ~-ri~th a phreatic line from em~r~ency 
- 

- :
- 

- - - s~iU~ia~r elevation (23611) to a drain at cfb 0.6. The altear str~n~th of -
~~~~~~

a- .:. S~~ pie 62~’i097 (0 = 23.5
0
, a = 503 p.e.f.) frc~i the ?mergency Gpil]~w3,~V a-jj~~~ uze& . - . -

- -

- 
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- 

- - 
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sempl s 62F1108, 62~11ll, 62i~l113 c-id 62~?1l14. The shell was consldc-re.d. at -

- 
-: -

~~ 
- ioo~ of $~and.ard. Proctor with shear strei~g~h of 

0 
360, c a 575 p.s.f. At the - 

- 
- . 

- ~~~~ section . the na~~sis considered the ~~ba-~~ ent on]~~~- Sat1sfact~~y f~~~~ -~ -
-: - .  crs of setety (~xeater than-I.5) trere obtained. on a 2 1/2;). upstream slope when -

- 
- 

- 
- the centre.). core was li~nited. to 3/4:1 (Trial No. 3. eud Trial No. IA) . Trial’ - - 

- 
- 

-

- - - ~o. iS sb~ -~a that a 3:1 slope is re~u.tred. to obtain -a factor of- safety of 1.50 - - 
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cn tI-e upstrewn s1o~~ wnen the upsbrezai s1o~e of the central core is 1 1/2 1.

The e ’ j313 shcued. a factor of safcty of 1 02 for a 2 1/2 3. downstream slope
- 

-

- -

- - 
- with the slope Cf the centre). core at 1 1/2:1. - This fectc~ of safety would. 1 e —

- 
- -

. 

- 
-

. incrassad. sa~ewbat it the shell. section, with selective p).acement, effectively-: 
-drains the central core.

- - - 
- - - - - 

- 
- - -

- - - 

- -
- -

.
. • • 

- - - 
S

- 
- - 
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- The anaiy-~ s on ten -ace ~ecticn essui~ed. that th~ shear strength of the a~:e ly. --

-
- - 

- £oundetioi was = - 
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- the s~~ie as at the i a~~i~a~ section . - This analysis shows i-hat the propo~e&- - 
-
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- - - - - 2 1/2:1 u~stroam slope recjuirec ~~~~f~ca~ion to obt~,1n a factor ot qafet~r of
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- 
~ 1.50. 

- 
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- - Circle; 4~s~ and. 5R. or by ficttenin.~ the upstream slope to 3:3. -(Trial:Cir~ .e 
- 

- 

- 
-

- - - 
- No. 6). 

- 
The ana1y~i~ at this e ibanl~nent section considered a slope of 3/4:1 - 

- 
.. -

o~t the central. core A flatter slope such as 1;). or 1 1/2:1 could. be ~isci,- however, - with very 1ittl ~e chan~s in the factor :o~ 
a-safety since the trial - - - 

- - . 
- - -

failure a~c was restricted to the Central core. .-~ ~~ 

• 
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B. C. ~~~~~~~ State C~ns-~~~ation ~~~incer, Au ust ~~~, 1962
5c5, Bic~~~nd, Virginia

Pey S. b~ck~r, Esed, Soil M~chrntcs I bz ratory,
SCS, Lincoln, I~obrc.sks

Virginia F?? - Upper Ibrth River, Site ~~~~. 76

We have reviewed plac~~ent rec en&ationa for coarse materials c~ the sub-
sect site, as requested by te1eph~”~ call fr ~~ Kr. ~~en.

Original shear tests on coarse material, f o r  this site were rm ~~ a c~zipcsita
of Sa~p3.es 62F1108, ml, -111.3 and UhI& as representing flood plain material
with the aoet fines.

Test densities for shear teats were based upon asautitption that all s~steria3.
a- 6 Iiiches and over would be raked from the mass of the fill to the outside

• shells. Vith this aaatznptic~, the cQa~poaite would have about 
~~7% larger then

j~ with en average density on - fe of 119 p.c.f.

The sheer tests were rim on material finer then 1 Inch. The test specinens
wore re~graded in the send end gravel else 

range as sheen in the original
report. There was ls-le percent plus ~o. ~ material In the LO inch dleneter
test ,pecieens and 56 percent plus Bo. ~ material in the 6.0 inch shear
.pec11aefl~. 

-

With the sinus ~o. ~ raaterial. &t 95% of Standard Proctor (313 p.c.f.), the
corrected density with ha-Is percent gravel Included in the gasple would be
128 p.c.f. With the etinus Jo. Is material, .t 100% of Bt’vt~~~d Proctor, the
corrected density with ½~ percent gavel in the s~up1a would be 332 p.e.f.

me 6.0 inch d.iaineter teat ipecinens contained 56 percent jr sv.1. NaxI~~~
Standard density, considering this percentage of gravel, would be 137 p.c f.

The first shear tests were set i~~~~~ at about 127 p.e.f. vbich vo’utd represent
about 95% of the Standard Proctor density for the gradation used. These
specicens s].u~zped before testing and it was deened necessary to test at bigher
densities. The second and third tests were rim at densities of 132 p.e.f. end
3.33.5 p.c.f. which would represent about i,oo% of Standar d Proctor density for
the gradation used.

Strength values used in the stability analyses were for - 132 p.e f.

After reviewing the data on gradation of field .mnplee vb.tch ahoy that the
above o~~posite would have about 70% larger then Jo. ~ and about 30% larger

- . -- • a- - - - -  - - -  - - 
—

_____  - -~~~~ _____
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Ray S. D~ckar
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then 6’, we concur in the idea that re~ovin~ all 6” and 1.arger natorial

~eoutd not be practical.

Since our report of June 8, 1.962 on this site , we have bed opportunity to
reviev the But].ed~e report on coars3 rzaterial. Di~sta in that report based
upon U.B.B.R. tests on - 3” material, show that material tested at 125 p.e.f.
on the - 3” fraction gave ~ valu*s of 33 to ~2’.

We have re-analysed the designs proposed in our report of June 8 using up-
stx e~~ slopes of 3:3. for the outside shell end 3/is: 3, for the interior core
with barn at 2015.5 aM enbanb~ nt values of y~ — 125 p.c.f. , 0 - 33’,
o — 0. This analysis produced f5 - 1.52. (Trial, circle 1C on the attached
stops stability aUCs~817.)

Further review of the yol~~es of borroit material show that 6~~ples 62P1111
and U.1I, represent acne 2)e0,000 cubic yards. These materials show only 13%

- - 

a- 
larger then 6” ant 0% larger then 12’.

We rec~~~eM modification of original, report as follows:

1. ~ebanbeent design: Upatre~a slope - 3:1 outside; downatreen slope -2 1/2:1; center core 3/Is: 1; with ber~is as originall.y proposed.

2. Placenent of material represented by 6271ma- and lills a&j scent to core
section with + 6” material raked to outside shell. Thu material should
be placed at not less then 125 p.c.f. dry density of the - 3” fraction.
Poiw or five passes with D-7 or equivalent track type tractor ahould
effect this density but it ii suggested that a few density tests be made
to assure this weight. As.~r”~ng an average of Is0% larger th~~ 3”, the
required density of the - 6” fraction vault be about 137 p.c.f.

3. Coarser material, placed in the outside shells could be specified as
Class C fill.

- 

Prepared b~
Attacheent Rey B. Decker 

-

ant

Lam ?. Dunnigan

cc: E. K. ~aut& - Upper Derby, Pa. 
-
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DESIGN REPORT

UPF~~ NORTH RIV~~ WATERSHED
- STrE NO. 76

• AUGUSTA COUNTY, VIRGINIA
V

- 

This ~iultiple-purpose structure is located in Augusta County,
Virginia, eppro~d~~tely 35 miles north-northwest of Staunton. The trans-
parent overlay (sheet 1~ of this report) together with the Parna.ssus
quadrang le published by the U.S. Geological Survey, may be used to locate
the structure.

This dam is a Class (c) structure (Engineering ~4emorandum SCS-27 ) and
~~~~~~ in accordance with SCS criteria. -

It is an earthfil]. structure having a cutoff trench to firm bedrock.
• The embank~~nt a~ teriale aie placed in a m~nn~r to afford foundation and

eabankm”nt drainage through a rock toe drain.
The pwpose of this dam is to reduce downstream flooding by provid ing

- . temporary storage for the runoff fr~~ 17,370 acres of watershed. This
• temporary storage is released gradually through the principal spiilwa5’.

This structure impounds 616 acre -feet of water for the city of Staunton
• 

-
• which baa its presen t water Bupply reserv oir about a mile downstream fron

- 
- 

- this dam. The 55-acre reservoir crested by the perir~nent pool viii afford
- - 

- 
- limited recreational facilities which viii be mAnaged by the U.S. Forest

Service.

- 

- 

• 
- The principal. spullve.y conslstB of twin 142-inch 

- 

dianate~’ reinforced
concret e water pipes. - Discharge into the conduitB is provided by a

- - 
• . 

- 
- 

9.0’ x 10.,’ reinforced concrete riser. There are three heavy duty gates
• attached to thi s riser for devatering the reservoir and to permit utiliza-

a- - 
- tion of the ~nznicipa]. water supplies. -

There is a large emergency spiliwey cut through the right a.but~~nt.
The 14.~~ inches of floodwater storage below the crest of the e~~rgency
spuflway, plus flaw through principal apullvay, viii contain the na~d.mum
runoff produced by a storm in excess of 100-year frequency.

The inflow bydrographa used in the design of this structure were
developed by the i~~tbod described In Chapter 3.21 of SectIon 14, Hydrology,
National ~~zeirieering HandbOOk. - 

•

- - The flood routing procedure used in the design is ~iven in Section 5,
• 

a- Hydraulics, of the National Engineering Handbook.
- 

• 
- 

-
. 

• - 

- •  

~~~ foU~~~ g tabla gi~~s the results of the byd~~logic end bydraulic- 

: -• - : - • determinations: - 

- 

-

). -
. 

- • 
-~~ - 

IEfERENCE : 
- U .S.DEPARTMENT OF AGRICULTt~~E •

~~ 

DRAW1I~ NO. 
-

SOIL CONSERVATION SERVICE — 
-

~~~~~ i&~ _ _- a   
- - • • ~~~~ a-a-~~~ -
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DESIGN REPORT
Factor Surface Runoff Peek Peak Elev. of Storage Element of
Whi ch 1*- Ares in - Inflow Outflow Maximum in Structure
termines Acres Inches c.t.s. c.f.s. Stage Ac.—Ft. Determined
Stage by Maximum

• - - 
- Stage

50-year 201 - - - 1978.0 168 Invert of
sediment - riser dews,-
accumula- • tering gate
tiora

Water 55 - 
- — - 2015.5 616 Crest of

supply - - riser

100-year 186 - - - 2060.5 5066 Below crest
frequency - 

• of emergency
storm mois- - - spilivay

- ture -con- - -

- 
a- 

-
- clition II - 

- -

a- - - Greater 221 - - - 2070.0 7020 Crest of
than 100-yr. . emergency

• frequ cy--a- — ..,~~spil1way
storm j i~ is— -

-$ a-
. • turs con— -

dition IItm 
• 

- 
-

l.0x9-hour 22T - 7.65 15,659 6600 2074.7 8090 Design high
point rain- - 

- - water
fall moisture -

a- condition II -

• 

- 

- 

2.50x9-hour 271~ 
- 

- 

24.17 146,370 145,000 2084.7~ 10,500 - 
Check top

• point rein- a- - of dam
fall moisture -

- condition II - -

• 1Borrov excavation in reservoir provides 21~8 acre-feet of storage.
~1b reduce velocities in emergency spilivay.
3Top of dam set at elevation 20814.00. 

-

- The time to empty the pool. from the crest of the emergency aptflway
to the crest~of the orif54ce Ia 6.10 days. -

.

• The geo1o~~ report end Soil Mer4~*n1 ca Laboratory report were used to
determine the adequacy of the design. Copies of these reports are attached.

• 
- 

a- Th following publicatio~a were used In the design of this dam:

) - a- a- - ,

• 
- 
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NE Handbook No. 5, Hydraulics
NE Handbook No. 4, Hydrology 

-
- NE ~~nAbook No. 6, Structural Design 

-

Technical Releases Nos. 2, 5 end 10

CopieB of these publications nay be obtained from Mr. Tom F. MeGourin,
State Conservationist, USDk, Soil Conservation Service, Richmond, Virginia.

Concurred:

Gerald E. Omen - H. C. Barnes,
Design EngTh~er State Conaervafton Engineer

Vincent MclCeever
Hydrologist -

- Robert F. Former - 
- 

-

- Geologist - - 
- 

- a 
-
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_ _ _ _ _ _ _ _  1/97/a ~~,~ ,se, f ,~~~~ qa-/97~J.

• 1

Typical X-Sect~on

a- a- I. Watershed data
• A. Structure class (c)

B. Drainage area - 17.370 Ac.
C. Time of concentration - 8.6 !ft- ~~~~.

D. Hydro1o~ic curve nuxn~’er - C
1. Moisture condition Il l 

71
- 2. Moisture condition 111 ___________

11. Principal spi1lwa~jA. Conduit
1. Size (I.D. ) twin 42-

- 2. Length 625~~
B. Riser 

-

1. Size a- 1O.5x9.O — “ a - .

2. Height . 39.0 a-. ..
C. Weir length 210 —

D. Orifice size - :n.
E. Pond drain size __________  

r.

III. Emergency spi1lwa~ -

A. Width 215 F .
B. Side slopes variable 1.25 to 2.50

• C. Length of level section 40 —

D. E&it slope 0.04 !‘J~
- .

• E. Y~a.ximum velocity at ~ontro1 seet~on ~~~~~~ g.~ 
: .f ...~

F. Duration of flow (D.H.W.) through erner~enc~ ~p~1~.iay 16.4 ~-s.0. Frequency of use LeSB frequent than 100 year
- 

~~~~~~~~~~I. a- U .S.DEPA RT ’4EN 1 01 £ G PI C UL T (~RF VA—472—R
SOIL C O N S E R V A T I O N  SL P .V I C E I

a- t ’4GISEfR1~~G £ V~A1 tI .Sta-LI ~
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3. Geology of the StokesV-ille and Parnassus Quadrangles,
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4. Section 4, Hydrology, Part 1, Watershed Planning, SCS

National Engineering Handbook, Soil Conservation Service,
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5. Hydrometerological Report No. 33, U. S. Department of
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