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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 foszafety
inspection of dams, publisa d by the Officel of Chief of Engineers,
Washington, D. C. '20314. \zhe 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
appurtenances, all existing engineering data, operational procedures,
hydraulic/hydrologic data of the watershed, dam stability, visual
inspection report and an assessment including required remedial
measures.
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PHASE T REPOXT

NMATIONAL DAM SAFECY PROGRAM i

Y2me of Dam: Mountain Run No. 50 Dam #vA 04703 i ;;Z'Z

Srate: Virginia ; —
County: Culpeper County
USGS Quad Sheet: Culpeper West e
Stream: Mountain Run

Mountain Run No. 50 is an earthfill structure 1,000 feet long and 38
feet high. The principal spillway consists of a drop inlet to a
66-inch diaméter reinforced concrete pipe running through the dam at a
low level. The emergency spillway is a 300-foot wide vegetated earth
side channel spillway. The dam is located on Mountain Run about 3/4
mile upstream from Culpeper, Virginia. The dam was designed and
constructed under the supervision of the U. S. Soil Conservation
Service and is presently owned by the town of Culpeper.

The spillway will pass the Probable Maximum Flood (PMF) without
overtopping the dam. The PMF was based on breaching of three upstream
dams which were previously constructed with each capable of passing a
flood no larger than 1/2 PMF without overtopping the dam. Therefore,
based on criteria established by the Department of the Army, Office of
the Chief of Engineers (OCE), the spillway is rated as adequate.

The visual inspection revealed no apparent problems and there are
no immediate needs for remedial measures. The slopes of the dam meet
the requirement recommended by the U. S. Bureau of Reclamation for
zoned earthfill dams. The actual embankment structure appears to be
similar to the "as-built" drawings. The dam is adequate for normal
pool operation, but the check on slope stability under the full
loading conditions cannot be made without construction records.
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Signed by:
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MOUNTAIN RUN NO. 50
SECTTION | ~ PROJECT INFORMAT LO%
1.! General:

l.1.1 Authority: Public Law 92-367, 8 August 1972, authorized
the Sccretary of the Army, rhrough the Corps of Engineers to initiate
a national program of safety inspections of dairs throughout the United
States. The Norfolk District has been assigned th2 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 1
inspection according to the Recommended Guidelines for Safety
Inspection of Dams (See Reference 1, Appendix VII). 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: Mountain Run Dam No. 50 is an
earthfill structure about 1,000 feet long and 38 feet high. The top
of the dam is 14 feet wide and is at elevation 403.1 feet m.s.l. Side
slopes are 2.5 horizontal to 1 vertical.

The principal spillway consists of a 66~inch diameter reinforced
concrete pipe, running through the dam at a low level. This pipe is
served by a drop-inlet structure (riser) located in a low elevation of
the reservoir just upstream from the heel of the embankment. The
crest of the riser is at elevation 384.9. A concrete outlet structure
is provided at the downstream end of the principal spillway so
discharge will not jeopardize the structural integrity of the dam.

The emergency spillway is a vegetated earth side-channel spillway
located off the north end of the dam. It has a bottom width of about
300 feet with a crest at elevation 391.2 and side slopes of 3
horizontal to 1 vertical. Selected topsoil is placed in 4"
thicknesses on the side slopes and on the bottom of the spillway. The
topsoil is well compacted on the bottom of the spillway.

A 30-inch round corrugated metal pipe with invert at a low level
(elevation 366) enters the upstream side of the riser from the
reservoir. This permits withdrawal of water from the bottom of the
resarvoir. An 18-inch reinforced concrete pipe used to supply water
downstream to the town of Culpeper, Virginia runs through the dam
paraliel with the 66-inch pipe leading from outside of the riser and
discharges from the right wall of the discharge outlet.




1.2.2 Tlocation: Mountain Run Dam No. 50 is locc:tod on Mountain
Run, 3/%4 n»ile upstream of Culpeper, Va. The resarvoir formed by the
dam is “n.un locally as Pelhanm lLake.

1.2.3 Size Classification: The dam is classific! =s an
"intermedi:to" size structura beciuse of its maximum srorage potential

of 10,000 acre-feet.

1.2.% Hazard Classificatiou: The dam is located in an urban area
and is thercfore given a high hazard classification in accordance with
guidelines contained in Sectioi: 2.1.2 of Reference 1, Appendix VII.
The hazard classification used to categorize dams 1is a function of
locaton o:ly and has nothing to do with its stability or probability
of failure.

1.2.5 Ownership: Town of Culpeper, Virginia
1.2.6 Purpose: Flood control and water supply.
1.2.7 Design and Construction History: The dam was designed and

constructed under the supervision of the U.S. Soil Conservation
Service. Construction was completed in 1972.

1.2.8 Normal Operational Procedures: Operation of the project is
automatic. The principal spillway is ungated, therefore water rising
above the crest of the drop inlet is automatically passed downstream.
Similarly water is automatically passed through the emergency spillway
in the event of an extreme flood which fills the flood storage space.
Water can be withdrawn from the conservation storage space as needed
for water supply.

1.3 Pertinent Data:

1.3.1 Drainage Areas: The dam controls a drainage area of 23.90
square miles including areas totalling 14.08 square miles which are
controlled by dam Nos. 8-A, 11, and 13 located upstream.

1.3.2 Discharge at Dam Site:

Maximum flood at dam site not known.

Principal Spillway: ,
Pool level at emergency spillway crest . . . . 607 c.f.s.
Pool level at top of dam . « ¢« ¢« ¢ ¢« ¢« « « . . 740 c.f.s.

Emergency Spillway:
Pool level at topof dam . . ¢« ¢« ¢ ¢ ¢« «» . 40,060 c.f.s.




1.3.3 Duaw 2nd Reservoir Data: Pertinent data on the dam and

reservoir are shown in the followins tables

Table 1.1 DAM AM) RESERVOIR DATA

o Reservoir
Elevation Capacity
feet Area Acre Watershed  Length
Item m.s.1. acres feet inches(a) miles
Top of dam 403.1 700 10000 1901 -
Maximum pool, design
surcharge 393.5 455 4940 9.4 2.6
Emergency spillway crest 391.2 400 4037 7.7 -
Principal spillway crest (b) 384.9 254 1942 (c) 3.7 2.1
Streambed at centerline
of dam 365+ 0 0 (] 0

(a) Based on 9.82 sq. mi., excluding 14.08 sq. mi. controlled by

upstream dams.

(b) Top of conservation pool and bottom of flood control pool.

(c) Sediment 942, water supply 1000.




SECTION 2 - ENGTIS 1NG DATA
2.1 Design: The dam was designed a1 constructed under tli-
direction of the 1.5, Soil Conservatica S:-vice. As-built drawui-zs
and complete dasi n data are available i~ the office of the Siste

Conservationist, U.S. Soil Conservation Scrvice, P.O. Box 10075,
(Federal Building, Room 9201) Richmond, Va. 23240.

A geologic (foundation) investigaticn was conducted at th. site by
the SCS during th> initial design stages. The investigation included
drilling 12 core borings and 45 hand auger holes and excavaiing 78
test pits along the proposed dam alignment, principal and emergency
spillways and be-row areas. The core borings were drilled into
bedrock and pressure tested down to impermeable rock. Depth to
impermeable rock ranged from 17 to 70 feet along the dam alignment.
Multiple, constant head field permeability tests were conducted in
each core hole in addition to the pressure tests. The test pits were
excavated with an industrial tractor to a depth of 11 feet or refusal
on rock. Geologic logs and profiles were prepared from the core
borings and test pits. A detailed geologic report with foundation
recommendations was also prepared based on the core drilling and test
pits, field testing and geologic mapping. The geologic report and
maps are inclosed in appendix IV.

Referring to Plate III and IV, Appendix I, the embankment is built
on residual and alluvial soils underlain by bedrock which is a complex
system of sandstone, shale, siltstone and greenstone. The bedrock has ;
been subjected to considerable faulting and there are extensive
breccia zones which may be highly permeable in some places.

The embankment structure consists of a zoned compacted earth dam
with a core trench. Where the core trench encountered the fault zone,
the recommended foundation treatment is to excavate the fault zone
material 5 feet below the base of trench and backfilled with compacted
MH material. Wher2 the core trench bottom resting on fresh or
moderately weathered rock, the rock surfaces were to be cleaned and
slushed grout applied to cracks and joints.

The alluvium layer along the stream valley, varying from 6 - 13
feet thick, consists mostly of SM and ML materials. The abutments
consist of weathered rock or residual soils. The zone I material
forming the upstream slope and core of the dam consists of ML and MH
material. The zone IT material forming the downstream shell of dam
consists of SM, (%! and GP materials. A summary of engineering
properties of the foundation and embankment materials are given in
Table 2.1. ; i

To control the phreatic surface and to collect seepages, a ;;
drainage system is located under the downstiream portion of the dam.
The system consists of a trench running parallel to the axis of dam, &




feet wide and with bottom ot bhedrock, filled with gradad filter
material, and an intercepting :reach with 10" diamet.: perforated pipe
running parallel to the principal spillway into the stilling basin.

Six acti-scep collars were built around the principal spillway under
the c¢p=tr 2w and center portion of the dam to contro? the problem of
pipinz.

The emergency spillway !oc:ied at the left abutuent is formed by a
cut into materials consistiny of weathered rock, M., “H and SM

materials.

The slope stability was chocked with the Swedish circle and the
sliding block methods. The s1iding block analysis showed the lowest
factor of safety. With full drawdown condition, the factor of safety
is 1.42 for the upstream slope which has slopes 1 vertical on 2%
horizontal over 1 vertical on 3 horizontal below the normal pool
level. The 1 vertical on 2% horizontal downstream slope has a factor
of safety of 1.50 under steady scepage condition and a drain at c/b =
0.6. Additional information on stability is given in Section 6 and in
Appendix V.

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 or instrumentation
procedure.

In 1974, a subdrain system was built in an area beyond the toe of
the dam, bounded by the right abutment and the stilling basin, to
relieve the problem of excessive wetness in the area which was
frequently used by golfers. The subdrains discharge through a 6-inch
diameter pipe which is located at 20 feet downstream of the stilling
basin. No information on the design and construction of the subdrains
was available.

2.4 Evaluation: Refering to Plate III, Appendix I, the cutoff
trench at the right abutment in the "as-built" case was shallower
than the depth recommended by the design. More importantly, the
cutoff trench did not extend into the abutment rock as deep as
recommended by the design. The wetness in the area beyond the toe at
the right abutment indicated in paragraph 2.3, Section 2 can be caused
by seecpage from inadequate cutoff trench construction. Although the
seepagns condition is not serious at the normal pool lzavel, the seepage
flow should be closely monitored.

.:\

i
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Soe Scction 6.3 for evaluation of the dam stability.




TABLE 2.1
SUMMARY OF SOTL OF ENGINEERING TA™

A

Consolidared

Item Classification Dry Uait Wt. Undrained Strength  Compressibility

pcf 9 c ft/ft

degree psf

Embankment ML 91-107 23.5 1250 -
Embankment ML-MH 80-98 19 1150 -
Embankment SM = - - -
Foundation SM 82-103 22 150 -
Foundation ML 62-90 5.5 800 .04-0.6




SECTION 3 - VISUAL INSPECTION

3.1 Findings: *=ield observations av> outlined in Appendix 17T,
The visual inspoctior revealed several minor problems. Althougli there
is good growth of grisses on the embankmont and crest, the arcas

within the golf course are trimmed too short. The concrete stilling
basin is experiencing concrete deterioration. The riprap in th
downstream channe! is failing with vegetation growing among th:

rocks. Also ther: is vegetative growth in the upstream slope riprap.
Colloidal sediment was evident in foundation drain pipes. The dam had
no staff gages or instrumentation. There was no access to the riser.
A manhole cover was missing from the top of the riser. About 0.4
miles downstream of dam is a fence traversing the stream. . The fence
was collecting debris.

There was no apparent evidence of leakage, erosion, undue
settlement and seepage, slope instability, nor improper functioning of
water passages and seepage drain.

3.2 Evaluation: Overall, the dam is in good condition and needs
only minor remedial measures. The concrete spillway is deteriorating
and will result in exposing reinforcing bars and weakening the
integrity of the structure. Excessive growth in the riprap encourages
the undermining of protection. The downstream riprap failure enhances
erosion of the stream. The grass in the golf course has been trimmed
too close, exposing the root structure to erosion. The fence
downstream of the dam can serve as a potential obstruction to normal
stream flow.




SECTION 4 - OPERATIO.JAL PROCEDURES
4.1 Procedures: Operation of th~ project is automatic.
66-inch diamater poiacipal spillway is wnr-ated, therefore waior rising
above the crest of the drop-inlet is automatically passed do.nstream.
This in turn automatically maintains th: pool level at or near

elevation 385 fi. m.s.l. most of the tim=. Water is automatically
passed through the ungated emergency spillway in the event of un
extreme flood which fills the flood storage space. Water is withdrawn
from the conservation storage space as nceded for water supply.

4.2 Maintenance: Maintenance of the project consists mainly of
fertilizing, liming, and mowing the embankment and spillway; seeding
and mulching bare areas; painting the trash racks; and repairing
gullies that might occur. Maintenance of the downstream channel
consists of controlling vegetation and removing any debris, bars or
other obstructions.

4.3 Inspection: The project is inspected annually to insure
proper maintenance. The inspection of one dam is conducted as part of
the annual inspection of the works of improvement in the Mountain Run
Watershed. The inspection team consists of representatives from the
town of Culpeper, the U. S. Soil Conservation Service, the Virginia
Soil and Water Conservation Commission, the Culpeper Soil and Water
Conservation District and the Mountain Run Watershed Association.

4.4 VWarning System: At the present time, there is no warning
system or evacuation plan in operation.

10
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SECTIOH 5 HYDRAULIC/HYDROLOGIC DESIGN

5.1 Design: The eizvation of the crest (zlevation 384.9) of the
drop intet to the principal spillway was establi:ii-d at an elevation
which would provide the cons:rvation storage u~:'»d for sediment
deposit and water supplv. “The discharge capacity (007 c.f.s. with
reservoir level at crest of emergency spillway) of the principal

spillway was establishad by consideration of & number of factors
including (1) the capability of evacuating the ([lood storage space
within a reasonable time (+ 10 days), (2) not paising damaging flows
dowastream, and (3) the capability of the reservoir to store flood
waters. The crest (elevation 391.2) of the emerzency spillway was
established at the maximum elevation reached in routing the principal
spillway hydrograph which resulted from the 100-year 10-day

i rainstorm. The elevation of the top of the dam (elevation 403.1) was
established by the maximum elevation reached in passing the freeboard
hydrograph. The freeboard hydrograph is that computed from rainfall
comparable to the Probable Maximum Rainfall as used by the Corps of
Engineers and is therefore comparable to the Probable Maximum Flood

(PMF).

Dam No. 50 is located downstream from three similar dams, Nos.
8-A, 11 and 13. These upstream dams were design by the SCS on the
basis of low standard design criteria and are not capable of passing
1 the PMF but will pass 1/2 PMF without overtopping these dams. The
freeboard hydrograph for Dam No. 50 is based on the assumption that
the three upstream dams deteriorate in the PMF and release all their
storage over a 5-hour period.

5.2 Hydrologic Records: None

5.3 Flood Experience: Flooding during Hurricane Agnes in
Culpeper in June 1972 was reduced significantly by this dam although
it was not entirely completed until September 1972.

5.4 Flood Potential: Design features of the dam were established
by routing various hydrographs as noted in paragraph 5.1.

5.5 Reservoir Regulation: Pertinent dam and reservoir data are
shown in table 1.1.

Except for withdrawal for water supply, regulation of 'flow from
the reservoir is automatic. Water rising above the crest of the drop
inlet flows into this inlet and through the dam in the 30-inch
concrate conduit. Water also flows past the dam over the ungated
emergency spillway in the event water in the reservoir rises over the
crest of the spillway.

11
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Outlet discharge capacity, reservoir area and storage capacity
data, avnd hydrograph and routing determinations wer: obtained from
reports s computations furnish~d by the Soil Coaserv:tion Service
(SCS). The routing of the emorgenzy spillway and fre-hecd
hydrograpl:s began with the reservoir level at the croci of the
principal spillway.

5.6 Overtopping Potential: The probable rise in th> reservoir
and other pertinent information on reservoir perform:ace in various
hydrographs is shown in the folloving table:

Table 5.1 RESERVOIR PERFORMAINCE

i
;
!
f

Hydrograph
Principal Emergency Free-
Spillway Spillway Board
Item Normal (a) (b)
Peak flow, c.f.s.
Inflow 10 N/A 7,000 48,000
Out flow 10 607 3,200 40,800
Peak elev., ft. msl 385 391.2 393.5 403.1
Emergency Spillway
Depth of flow, ft. - 0 2.3 11.9
Avg. velocity, f.p.s.(c) - 0 4.5 10.2
Non-over flow section
t Depth of flow, ft. - = = 0
Avg. velocity, f.p.s.(c) - - - -

(a) 100-year flood.
(b) Probable maximum flood by COE standards.

(c) Maximum velocity at crest about 150 to 200% of the average
velocity.

5.7 Reservoir Emptying Potential: The 30-inch corrugated metal
pipe entering upstream side of the riser at a low level will permit
withdrawal of about 94 c.f.s. with the reservoir level at the
principal spillway crest and essentially dewater the reservoir in
about 2 weelks.

5.8 Evaluation: Hydrologic and hydraulic determinations prepared
by the SCS as a basis for design of the project appear reasonable.
The emergency spillway will pass a feeboard hydrograph which is
essentially equal to the PMF. The freeboard hydrograph assumed
breaching of the three upstream dams which were previously constructed
with a low-r hazard classification. The emergency spillway is
therefore considered to be adequate.




SECTION 4 -~ DAM STABILITY

6.1 Foundation: Mountairn Zun Nam No. 50 is found:’ on residual
and alluvis! soils overlying w-2morphic and sedimeat--y bedrock. The
residual cnils formed by weatherin: of the bedrock vcecar along both
abutments. Along the channel scc:-ion, the dam bears o. alluvial soils

deposited by Mountain Run. A !7-foot wide (base) cutoff or core
trench koys the earth embankment into underlying weathered bedrock. A
seepage drain, 4 feet wide, runs approximately 600 feat along the
length of the dam 25 feet downstream of the centerline. The drain
system is also founded on weath:red bedrock and varies in thickness
according to local foundation conditions. "As-built' drawings of the
cutoff trench and seepage drain are shown on Plates IV and V,
respectively, in Appendix I. A geologic report of the dam site is
inclosed in Appendix IV. The remainder of this section deals with
describing the geologic location of the dam site and the foundation
conditions.

The dam site is located within the Piedmont Plateau Physiographic
Province of Virginia which is underlain by predominately igneous and
metamorphic rocks of Precambian to Cambian age. A narrow band of much
younger sedimentary rocks comprising the Triassic Basin trends
northeast-southwest through much of the Piedmont. A section of the
basin cuts through the Culpeper area. The contact between the
sedimentary rocks of the basin and the older metamorphic rocks to the
west is a border thrust fault that intersects the City of Culpeper.
Subsequent thrust and transverse faulting which occurred along the
border area after the basin's formation has greatly complicated the
local geology.

The dam site is located less than one mile west of the basin
contact and is underlain by both Triassic sedimentary rocks and older
metamdorphic rocks. The metamorphic rocks are predominate. They
comprise most of the left abutmant, the entire channel section and
part of the right abutment. The Precambiam age Catoctin and Lynchburg
formations are the geologic units in which the metamorphic rocks
occur. The Catoctin formation rocks, comprised primarily of
greenstone with minor amounts of phyllite, is perdominate. Mica
schist of the Lynchburg formation occurs in minor amounts under the
channel section. Triassic sedimentary rocks including the Manassas
Sandstone and Bull Run Shale undarlie most of the right abutment and a
thin zonz of sandstone and siltstone underlies a small section of the
left abutment.

13
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The structural :»1litionship between and within the Triassic
s~dimentary rocks an! older metamorphic rocls is very complex.
Several faults were recoponized and roughly traced during the
exploratory drilling. ‘wo of the faults ar: fairly extensiva, one

ider the right abulumi-.t where Triassic sedimontary rocks have L:=n

turust over the older metamorphic rocks and another under the clign:!
section within the Catoctin greenstone. Apnrouimately 22.5 feel of
brecciated greenstore occurs along the fault contact under the r
abutment and 23.2 fcot of brecciated materials occurs along the
southward dipping coatact under the channzl section. The genzra!
strike of the Catoctin greenstone is N 35° . The triassic
sedimentary rocks strike N45° E and dip approximately 29° SE, but

in some areas this orientation has been altered due to the faulting.
Though jointing was fairly extensive, no prominent system was
observed. During the Corp's visual inspection, verification was made
as to the rock types and bedding orientations.

3 AL
bid

The condition of the foundation materials varies. The overlying
soils especialy the alluvium under the channel section is fairly
dense. The consistency of the residual soils are medium to hard as
indicated by the blow counts on the boring logs. The thickness of the
residual and colluvial soils capping most of the right abutment ranges
from 23 to 35 feet. The alluvium along the channel section ranges
from 6 to 13 feet in thickness and the residual soils capping the left
abutment ranges from 8 to 25 feet. The condition of the underlying
bedrock also varies. Generally, badly weathered, highly fractured
rock underlies the soils and becomes less weathered and more
impermeable with depth except within the fault zones where highly
fractured and brecciated rock occurs. Competent, unweathered and
impermeable rock occurs at depths ranging from 12 to 70 feet along the
centerline of the dam. The geologic profiles in the geology report
show the zones of weathered and competent rock as well as the
recommended depth for the cutoff trench. As indicated in the "As
Built" drawings, plate IV, Appendix I, the cutoff trench was placed in
weathered bed rock well above the recommended depth, below the fault
zones. A deep cutoff trench balow tha fault zones was recommended in
lieu of grouting because of the anticipatad expense and small
hydraulic head behind the dam. The actual placement of the trench,
however, was not below the fault zones, a decision probably made in
the field during contruction. Construction reports were not available
to confirm the actual grade depth or foundation conditions under the
trench. The drain system was also placed into the weathered bedrock
as indicated on plate VI, Appendix I. '

6.2 Embankment: Referring to Plate IV, Appendix I, the crest of
dam is 14 feet wide at E1. 403.1. The upstream slope is 1 vertical to
2's horizontal from th» crest of dam to El. 381.9 where it flattcas to
1 vertical to 10 horizontal forming a berm for a vertical distance of
1 foot. The slope then changes from 1 vertical to 3 horizontal to
natural ground. 24" thick riprap over 12" of bedding material is
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nlaced at upstream slope at El. 389.4 to the berm to protect the
unctceam shore at the aornal pool operation. - core downstrean
siop» is 1 vertical to 1.5 horizontal, and th=» core is covered with a
dowas! ream shell with a slope of 1 vertical te 27 horizontal from the
crost to toe of dam. The upitream slope and coo is construcred with
ML-MIT paterial compactoed in 9" 1ifts to 95% compuction at optimum
moisture content. The downstream shell is constructed with SM, Gi aad
CGP waterial compacted in 24" 1lifts. Seepage drain is located in tii:
pervious downstream shell 10 feet from the to:» of the core.

6.3 Evaluation:

6.3.1 Foundation: Most dam foundations ore evaluated on the
basis of potential settlement, sliding and seepage. Excessive
settlement of the dam is not a problem because the foundation is
composed of fairly dense soils and weathered bedrock and settlement
was not noted along the dam alignment during the visual inspection.
Sliding within the bedrock is not usually a problem under small, earth
dams. In addition, there are no adversely oriented weak planes within
the foundation rock that would act as a potential sliding plane. The
potential for seepage does exist within the foundation because the
cutoff trench was not extended below the fault zones as recommended. !
It was, however, recommended that where the cutoff trench encountered '
a fault zone, the fault gouge was to be excavated 5 feet below the !
trench and backfilled with compacted core material. Where the trench
bottom rested on fresh or moderately weathered rock, the rock surfaces
were to be cleaned and slushed grout applied to fractures and joints.

Construction records were not available to determine whether these
treatments were actually employed. The low hydraulic head (less than
30') and high cost was probably the reason the cutoff trench was not
extended below the fault zones. It was apparently determined that the
drain system could effectively handle all seepage. At the time of the
Corp's visual inspection, seepage from the toe drain was less than 1
gpm and no wet areas, developed since construction, were noted
downstream.

Since additional secepage was not noted during the visual
inspection, it is apparent that the drain system is effectively
handling all leakage through the foundation materials including the
fault zones. Due to presence of the fault zones below the cutoff
trench it is possible that excessive seepage could develope during
high (flood) water conditions. Close monitoring of the toe drain and
the subdrain outlet should be required during high water conditions to
determine unsafe seepage.
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6.3.2 CEmbankment: The enlankment slopes meet ''i roquirement
recoumon! d by the U.S. Burcae of Reclamation for ...: ! zoned
earthfill dams on stable founi~tisn (Reference 2, Ap.-uliz VII). The
design reco mended an overbuilt oI 1.0 feet to comp us:re for
consolidation of the fill aund foundation. The sett! i.nt is based on
a compressibility of 2% for 37 focot of compacted fili =nod 20 feet of
foundation. The embankment stru~ture was checked wi'i *he Swedish
circle and the sliding block methods. For both motiio?: the pool level
was at cmeroency spillway crest, El. 391.2. As the J2n is built on

stratified foundaton, the sliding block analysis show=i the lowest
factor of safety. Using a crest width of 14 feet anl hoight of 37
feet, au! 8 feet of foundation, the factor of safety for the upstream
slope is 1.42 for the full drawdown condition. The {actor of safety
for the downstream slope is 1.50 for the steady secpage condition with
drain located at c/b = 0.6. More information on the stability
analysis is given in Appendix V. Although the partial pool condition
is not investigated, the stability analyses were based on realistic
soil data and if the embankment has been properly constructed, the dam
is adequate for the loading condition at spillway crest. No undue
settlement, crack, or seepage was noted at the time of inspection.
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SECTION 7 ASSZ5.3' 1NT/REMEDIAL MEAS!RL

7.1 D~ Assessment: Relcreac: 1, Appendix VIT, recummends a
Spillway Resign Flood equiva!>nt to the PMF. Since thie PMF does not
top the crest of the dam, the cmarpency spillway is con:idered
adequate.

Basad on the visual inspection and review of existing records,

there is no apparent problem that would require immeliate action for
the normal pool conditions. The actual structure is similar to the
as-built drawings given in Appendix I. Without the construction
records, the stability of the embankment under designed loading
conditions cannot be assessed although the embankment slopes meet the
requirements recommended by the U.S. Bureau of Reclamation for small
zoned earthfill dams on stable foundation (see Reference 2, Appendix
VII).

7.2 Remedial Measures: There is no immediate need for remedial
measures. However, the following actions are suggested and should be
initiated within 12 months. These measures are suggested for
monitoring and maintenance purposes only.

7.2.1 The grasses on the faces of embankment should be maintained
in such a condition that will facilitate the annual inspection.

7.2.2 Allow the grass on the embankment within the golf course to
grow to at least 4 inches. This is necessary to protect grass cover.

7.2.3 Repair deteriorating concrete in stilling basin to maintain
structural integrity.

7.2.4 Remove woody vegetation in riprap. Also repair downstream
riprap protection to avoid erosion.

7.2.5 Suggest to record the pool elevation, the flow rates of the
seepage drain, and the subdrain whenever the pool lovel rises 3 feet
or more above the normal pool elevation. Staff gage or other
equivalent facility should be provided to indicate the pool level.

7.2.6 The current annual inspection program should include a
measurement of the flow rates of the seepage drain and the subdrain.
In the event that the drainage water is cloudy, an analysis of the
suspended solids should be made to determine the source of the
suspension solids.

7.2.7 Replace manhole on riser.

7.2.8 1Include in regular maintenance, removal debris from fence
located 0.4 miles downstream of dam.

17
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APPENDIX III

£11.LD OBSERVATIONS

Name of Dam: Mountain Rua Dam No. 50

County: Culpeper State: Virginia
Coordinates: Lat. 380 27.3' Long. 78° 02.3'
Date of TIaspection: 7 Junz 1978

Weather: Overcast - Temperature: 75OF

Pool ilevation at Time of Inspection: 385' m.s.!.
Tailwater at Time of Inspeccion: 362" m.s.l.

Inspection Personnel:

Soil Conservation Service
Bill Adams, District Engineer
Bill Bell
James F. Blodgett, Area Engineer
Charles McDowell, Asst State Engr

State Water Control Board
H. Wigglesworth

Corps of Engineers
W. Barker
R. Cheng
L. Jones
D. Pezza (recorder)
J. Robinson
K. Brooker

1. Embankment:

1.1 Surface Cracks: The slopes, crest, and abutment contacts
were inspected. A fence traversed the dam rumning from upstream
riprap to the stilling basin. Tne dam is covered with tall
kentucky-fescue 31 grass. Grass left of the outlet works is 3 to 4
feet high except for the toe where it was recently mowed to about 4
inches. The vegetation made observations difficuit. The portion of
the dam right of the fence is within a golf course. The grass is kept
trimmed to dpproximately 1.5 inches on the downstream slope and crest
of dam. Soil conditions were dry and shrinkage cracks were noted in
the soil. No other cracks were noted.

1.2 Unusual Movement: No unusual movement was noted on the dan.
Again, vegetation inhibited observationms.

I11-1




1.3 Sloughing and erosion:

No sloughing or erosion was noi-l. Past erosion has occurred at a
small portion of the toe of th: «:=. Remedial efforts h-.: been
performed and the area is monitoio! vy SCS and town o“ficial for any
future crosionil development.

1.4 Alignment: The vertica'! :ud horizontal alignwu2nt of the dam
did not deviate from the as-built Jiawings.

1.5 Riprap: The upstream slope, portions of the downstream area,
and the area of the toe are protected against erosion with diabase
rock. Riprap on the upstream s'op> and at the toe was in excellent
condition. Light vegetation was growing in the upstream slope, but it
is regularly removed by town officials. The riprap in the downstream
was in a disaray and is discussed in Section 2.3, Appendix III.

1.6 Junctions: The conditions appeared good. Observations were
difficult due to high vegatative growth.

1.7 Seepage: No seepage was noted. A subdrain system was
installed at the base of the downstream right abutment in 1974. A
6-inch corrugated metal pipe serves the field discharging into the
downstream channel. Flow was clean and less than 1 GPM. Another
6-inch corrugated metal pipe was located downstream, but is
orientation was undetermined. No other seepage was noted on the
slopes, at the abutments, along the toe or along conduits passing
through the dam. Swamp-like vegetation exists about 150 feet
downstream of the dam. This is a natural condition that existed prior
to construction of the dam.

1.8 Drains:
Two 6-inch corrugated metal pipes serve the foundation drain.
Both discharge into the stilling basin. Flow was minimal and appeared

to be colored. The basin walls were stained yellow-brown.

1.9 Instrumentation: There were no instrumentation or staff
gages for the entire dam.

2. WATERWORKS:

2.1 Intake Structure: There was no access to the riser. The
structure is concrete and showed no apparent deterioratica. Two
vertical shafts, without manual controls for regulation of intake
valves, extended above the riser. The regulating works were not
operated during the inspection. Op=aings to the riser are protected
with a trash rack. No debris was lodged in the immediate acea. The
structure had a safety ladder, but a manhole cover was missing. The
pool elevation was about 3 feet below the top of the riser.

LEE=2 \
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2.2 Outlet Works: The 66-inch ninrated concrete cond:'t scrves as
the spillway rur:ing from the riser throush the dam. Th~ coodnit was
passing very littl» flow. The spillwiy discharges into a 5aint
Anthony Falls concrete stilling basin. The concrete struct:iir: has
some deterioratinsn, There arc intera’ttent cracks along wvert o]
constructicn joinis. The downstream cud of the left wall s ‘lzgonal
cracking. Spallin:z has occurred arcund an 18-inch pipe dizcliirging
flow for water -uoply needs, and arouw! the spillway outlet. There is
evidence of co:motic repair in both these areas, which ha2s also
deteriorated. Ti» tailwater elevation was about 2 feet bolo: the
invert of the !3-inch discharge pipe.

2.3 Outlet Channel: The stilling basin serves as tho discharge

channel. The downstream channel is riprap, which extends from behind
the stilling basin to approximately 50 feet downstream. The riprap
has eroded away in the area behind the stilling basin. The downstream
channel protection has experienced settling and has vegetation growing
in it. The stream is about 2 feet deep.

3. EMERGENCY SPILLWAY: Most of the spillway is covered with 3 to
4 feet of grass. Portions of the spillway have recently been trimmed
to approximately 6 inches. The spillway appeared in good condition.

4. RESERVOIR: The area surrounding the upstream reservoir
consists of gentle rolling hills covered with pasture land or woods.
No observations of sediment could be made. The water was turbid and
some debrid was evident. Town officials regularly remove debris.

5. DOWNSTREAM CHANNEL: The streambed broadens to 20 to 30 feet
and averages 5 feet in depths. A fence crosses the stream 0.4 miles
downstream of the dam and has debris damming against the fence. The
surrounding flood plain is relatively flat. The area right of the
stream is a golf course. There are numberous houses that border the
stream about a mile downstream.
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The older Lynchburg formatien occurs to the vest of the Catoctin greanstoss at
site Mo, 50. This is to Le erpected as older formations arc centrally lecoced in an
atlelivoriun.,  lHewever, withiu this lavger anticliuvoriuwn are anticlinel folds that
are generally overturved or cven recwabent, This folding vith subsce land
beveling causes an intcerepersing of the Cotoctin greenstons and the Ly: wchiburg schist
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Over these older metavorphic vocks sedivanta of Triascie sge vore aeposited.
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Modern exawples of vift valleys are the »ift valleys and fresh water lales of
central and northern Africa, - b

Formations present in the Culpepar bLasin ere the Monassas sandstone, the Bull
Run shale, the Border Conglosarate, and besic dikes and f)oug.

The Manassas sandstone 15 2 lght broun gray to brosa fatrly cleen fndurated
sandstone. Tie Bull Run shale is an Indian ved soft chale or siltstone. “he pordar
Conglemerate his preenstone snd granfte cobbles and grovels {n a matris of red eilt-
stone with calcite.
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Generally tlie govder €onglercrate occure nedac the voutern edge of the Toirosic
7 o >
basin but at Site No. 50 the Manassas sandstone and the il Rua chale occur cn the
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western border of the Triassic sediments, This is due to the thrust faulting present

heve which is assumed to have thrust the shale and sandstone over ¢he Porder Con-
glomerate.
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Previcusly it was thought that the western edge of the Culpeper basin was a

norizal fault., (Robei¥s1928), Dut drilling cvidence shows that it is logical to
assuvme that thrusts are present,

An explanation for this is that there were several rift valleys preoceni in
Virginia. This placed the outer tengien arcas under the central compression srea,
The fact that tl.mo are Triagsic basins occurring between the two outer tension
basins (Culpeper basin and Ricl asin) show en area of multiple conpression
strains. Arong f'.he.';ra cmaller Triassic bBasing not in strilke with the two ] roer
basins are the Farmwville, Keysvilie and Scottsville Triassic basins. Areas of
nmultiple tension are normal for the formation of taphrogcosynclines.
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Thug the ares wnder Site Wa. S0 was First cubjceted o tenslon vieh godics nte
forring in the vift to complete the taphrogeosyncline., Latar this area was cub-
Jected to coipression as other rifts were forvad on elther side of the Culpeper

1

Triesslc ua:.in.
As stited cbove there are four foctors thot buve couned faulting ot this site.

Theve are licted agcs

:
1. The folding of (he Catectin greenstonc fnfo the great anticl{noriuvm.
This could cauvce thrust faults to cccur as comprescion was iavolived.
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2. The bLefding of the Catoctin greenstoene to chaupe its strilke from
N 45° B to W 559 B, The forrar strike ccours to the sovtheast of
Culpeper on the southern side of the Culpeper Triassic buasin. Exactly
how the transverse faults were emplaced cammot be deterdned as the
hiuge arca is beneath the Triecceic basin.
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3. The tenglon faulting caused by the ewplacement of the Culpeper
Triassic !).n;xn. 1t was formerly considered that the Culpeper basin was
bordered on the west by @ normal fault., This large normal fault s
called the Triacsic border {ault Ly Stese (1927) vho concidered thig
fault to have a splacawrent of 6,000 feet.

7
disg

o ,/ o s iy

\ J‘\"

Sles.
< \. e ‘)/

Hint

P}\- =y L.\\\.‘\

A Y €@ EAERG

In Culpaper County the position of the Lovrdar fault is considered
to the east of Site Wo. 50. Xt is betueen the border conglowerate and
the shale and sandstone. Thug the Trizssic border fault is overridden
by thrusts displacing Bull Run shale visess giltstone. Tensicn
precent has cauzed transverse faults,
:he border normal fault or the thiust
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4. Lastly. the thrust faulting of the Triassic sedinnts over the older
o

metamorphic rocks., This wvas caused by compression in an area that was
first under tension,
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faulting under Site lio. $0 is c LLLxx.e])' complicated. The interpretation of the
faulting ot the peologic wap is most probably incocroect. Howvevey, the faulCing

MHanaspgas sandstone and Bull Rua shz:lc oveyr Catoctin greecnstene. 7The lorer two

faults thrust greenstone over greenscene and meta-arkose. The opper fault wmust have
been iwplaced after the Culpeper b&sux vas formed. Yhe lower faults may have been

implaced in post-MHanscsas tive also.

€
bench soil to residuul sgoil frcen sandstone, silistene, greenstenz, end m

Yethods ond Procedu

-7 - Sheet L
. VA 585-C

It can be geen from the ;ff-u]ofric map (Sheet 2) and cross coctions that the

so intense and diversified that a satisfactory interpretation cannot be given,

Three thrust feults are thought to be present. fThe uvpper of these tlrusts

Soils present ca Site Fo. 50 are ceowplex., They venge from modern zllaviom and
i

Llca achist.

The stream pattcern ie strongly entrenched dendritic. The sides of the valleys
rom fairly steep vockland slopes to gentle residval soil glopes

s

1. Standard ponetration vesistance tests were condueted in the drill holes.

Blow count was taken with the ctendard 14C pound hano
and 2 inch sampler.

vy 30 dinch drep

Blow count was also tzaken on the drive pipe enplaced vith a 300 pound
homaer and a 24 inch drep. The I of the drive pipe is 3 3/4 inches, the
0D is & 1/4 iunches, and the OD of the coupling is 5 inches.

This caging blew count was converted to standard by the formula

i L Ooss WE PAL DT
\\\ <X«S\ e —wﬂ’j SO c,om\’{:--()\\ <zl

e e S e+

—— D

SRS

OO was - _\_m A Y C\ e — A

H - dumber bLlous

E - energy - (weight pounds) inch drop
N - {fuslde dlometer

0D -- outside diamcter

Q ~ number of couplings
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The nuwber 2 reprecents a factor for the averace dictucbonce of tha
z
r 4

. This would be s A.N.]m: in sundy alluviva . ard vesidral

Standard ponetration registunce wes taken at five foot interva
Correlation between standard reading and converted casd
readings vere faiy,

ng panctralion

2. Coastunt hesd permeabiiic mred at the end of each

arill run i Loth coil 'w- rock: he correct gpz value for
& drill run, the measured g ‘v.' 3t had to be guhtrascied
from the pravicus run. '.=."§>ir~ is z;)'.vr'v. in the chavt es the esctual gpa
and the subtracted gpm value {ox run.

The forrumla for k used vhere en open run of hele was Cested is

Cp ig the facter for
as listed in the Eartch Han

vlinder tested

Q is the water locs

h $s the Loty the top of casing
tested or the depth to the water tohle if this

c¢f the 2yves
the tested area.

In a fewr cases the constant head pormeability Ceat was made through
the end of the caszing. lere the forrula for k fo

k- 4200
rh

Q is the wvater loss in g

5L
r ig the radius of the casing
h is soine as shove

Permeability teste were taken in coil {n the area cleared by the split
gpoon sawpler.

3. Cacing vas advanced into rock. This wag lecse rocli. generally fault
breece!fa  that would csve v thot casing.
G, In teat pito within the fomdation area the pocket penctremeter vos
uged Lo obta'n a vough cotivate of t'l'c l;-c::rinf; ctreapth of the goil,

These veadinns are te be talen only as a guide.

3 So 's to be wsed ez £ paoterial are class’ fied according to the

U. 8. Departuent of Apr culture system of sof’ clase’{’cation In addition
to the entfied system for ecch Yayer., The use of the former soil clansifi
cat ' on systen {8 to gronp sof's ‘uto gawpled divisions,
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The orig'n of these soflls are:

Bucks ser es Deeply weathered restdual fram Triascic sandctone

and
sha'e
Lloyd serxies Deceply weatheved residual from greenstone
Witkes series - Shallow residual from grecngtone

E'ioek series  Deep red resicdual from mica cchist
Glenelg serices - Moderately deep residual. frer mica schist

Al'uvial sol! occurs in the stream valleys. It is gencrally youny
w th an established profile.

‘

Auguste serices - Low tervace alluvium

Centevlive of ¢ he Dam

he center’ine of the dem was woved 162 feet upstrean. Do “"dog Jegs' vore
Al

P
cd

plac in this new centerline of the daom On the wight abutwent at station
3465 2992 anvle dovmsLrean was impleced in the dam certexvline. On the left

abutment at station 9450 a 24° 20' annle downstreas was lwplaced fu the don
centertine.

Triessic sediments and late Precambrian groenstone are the rock types
occurring on the centerline of the dam.

Bull Run ghale and overlying Manassas sandstone are the formations precent
on the right abutuent from station 1405 on the dam centerline to the top of the
dam. These Triassic formations are thrust over greenstone by a fault that hes
22.5 feet of brecceiated greenstone.

Eelow this fault blue green hard greenstone occurs. At station 2417 on the
centerline of the dam a fault implaces Managsas aandstone below Catoctin green-
stone. In the arca between statioa 2450 and station 3450 on the dam centerline
3 faults are present.

From station 2475 to station £450 on the dam centerliine Catoctin grecustone
occurs. This formation has interspersed in the epidote, hornblende. chlorite,
fe dspav and quarts greenstone arcas of light green feldsparsite.

Two fan'ts cceur in this area. 7The wmove novtlhern of these fs a low angle
farlt that has 23.2 feet of brecciated material dipping southuard,

From statlon S+450 to station 11450 on the dum centerline Cotoctin chlorice
schist and h'gh chlorice precnstane occur. .
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Above the Catoct ' 'n ehlorite schist and high chlorite preenstone Triassic
siltstone of the Pl Run formaticn occurs to the Jeft of stetion 11450 on the
centerline of the dma.  The contact between these formstions e assuined to be a
fault contact. The fault plane is above clevation 375.0.
y 2

. Weathered sendsteone talus that has disintegrated into a yellor red and red
silty sand (5M) occurs on the right abutment fiom station 3475 to the top of the
dam. Th's soi’' is hard woist talus ecolluviuwm, The soil ranges from 23.0 to
35.0 feet ‘n depth.

3475 to station 72045 eon the dam centerline alluvial to recent
alluv’al soil ocenrs. This soil generally has 3.0 feet of red brown ML over-
'ying 0 to 2.0 fcet of gray CL and 3.0 feet of gray wet S or GY. The alluviuvm
ranges up to '3.0 fect in depth.

Yrom station

Residual so 7 weathered from fractured greenstone and greenstone breccia
occcurs on the 'eft abutment from station 7445 to station 11450 on the dam center-
line., This soii has yenerally 4.0 feet of yellow red clayey silt (ML) overlying
0 feet of yellow rcd silty gaud (8) over weathered grocnstone and saprolife,

e depth of soi! ranges frowm 8.0 fect to 25.0 feet.

3.
Th
From station 11450 to the cutside edge of the enx spil lway cut residual
soi! weathered from siltstone occurs, This zoll has 8.0 feet of red to
ye'low brown hard clayey silt (ML to #MH and 8H) over weathered siltstone. .

Soeney spil

To investigate the centerline of the dam 11 drill holes and 15 test pits werce
emplaced.  The dril? holes are numbered DN 4) through DI 51. The t
nimbevred 1P 20 throush TP 32 with TP 14 and AT 201,

Centeriine of the Tipe

The center’ine of the pipe crosses the centerline of the dam at station 4277.87
on the centeriine of the dom and station 1-434.30 on the centerliuve of the pipe.
These center'ines intersect with an angle of S6° 04'.

The center'ine of the pipe is placed on the Catoctin grcenstone formation.
Within this format on a layer of purpie phyllite (wetamorpliosed acid “ava) occurs
at station 1465 on the pipe centerline.

A fault is present within the greenstonée from station 2463 to station 3443 on
the center’“ne of Lhe pipe.

A second fau't prosent at station 4450 on the pipe eenter'ine thrusts Triassic
candetone over Catoctin greenstone,

Artuvial goi' ig prescent on the centerline of the pipe. This alluvium has
generalily 3.0 feet of red brown sandy silt vith clay (ML) overilying pray clay and
sand (Cl. and 8M). Pe'cw this is wet pravel (GM and SH). Weathered greocenstone.
weathered greenstone fault brece’a, and weathered phyllite occur above the
unveathered rock.,  The depth of this alluvium and vcatheyed rock ranges {rom
60 to !3.0 feet.
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To investigate the centerline of the pipe 16 test pits and one drill) hole were
used.  These test pits are numbered TP 301 through TP 310 and TP 320 throuvph 79 324,
The dri!' hole is DH 31,

Foundition

- Toundation conditions approzinate those conditiens deseribed on the centerline
of the dam and con the centerline of the pipe. A differcnce is that in the arca of

TP 520 and 523 Gif motexial from an ol'd daw foundation is prescent. This G raterial
is composed of anpu’ar veli-praded geeenstone cobbles. This ofd dem foundation ig

covered hy at ‘east 3.5 fect of alluvium,
Emergoncy Spi ' lway

The center’ine of the cuergency cpilivay crosses the centerline of the danm at
station 11480 on the dam centerline snd station .)--!]o' on the centerline of the

emergency spillway. These centeriines form a right angle,

The m\’y knowm focation in the emazrgeney spllivay wheco wnweatherod rock occurs
above ¢grade is at station 17 'Z‘) on the inside cdye m’ the cut, Here in TP 6, 8.0
feet of fractured Triacsic sandstone occur above grade.

Upstream of station 4425 on the emergency oplllvay centerling residuszl goil
vieathered from Calectin grecnstone is present.

Witkes serfes cccurs upstream from stution 2450 on the crergency spilluway
centerine. Th's ‘s shallow soil having 1.5 feet of brown to yellow red ML over
weathered fractured greenstone,

Lloyd sev’es or deep greenstone residuum occurs from station 2450 to station
4425 on the emergency spillvay centerline. This i; d(‘up greenstone residual soil,
[t has 3.5 feet of yellow red clayey silt (30 or 1¥I) over at least 4.5 feet of ved
brown and ye''ow red sitty. slightly plactic sand (8if). i

Downstream from statlon 4425 on the centerline of the emergency spillway

Bucks series sof” occurs. This soi? weathered from Triassic siltstone, has 4.0
feet of red clayey siit (ML or 1) above from 0 to 5.5 feet of yellow brown sandy

sttt (ML or SIi). Below these Jayers is highly weathered to weathered soft siltstone.

To investigate the emerpgency spillway cut 15 test pits and 6 hand zuger holes
were dng, The hand auger holes are numbered AN 210 through AN 215. 7The test pits
are numbered TP 6 thvough TP 14, TP 201 throush TP 205 and TP 10i.

Borrow Area

The borrow area is ‘ocated upstream from the centerline of the dam.

Yluvia! sol’ ceeurs in the flood plain area. This goil has generally 3.0 fect
of brown M. and 2.0 fcet of CL over layers of send and gravel (SM and GM). The
water tab’e of this a’luviwm ranges in depth from 3.0 to 9.0 feet.

T R P
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On the right stde of the styeam valley steep arceastone vochland is present.

Around the other slopes bordering the flcod plaln residua' sofl and low beuch
soil occur.

The beuch soi® ‘s Augusta series. This soil has at Jeast £.0 feet of red,
yellow broun and gray mottled hard clayey silt with rounded grave's (HL).
The resicdual goi weathered from greeustouc is the Lloyd sdries. This coil

has 4.0 fect of yed hard clayey silt (ML) above 4.0 feet of bLrown vellow clayey
s it (ML). These tayers are above nonplastic yeijou siity sand or s:1t (il or

SK)Y . '

soils weathered from Lynchburg mica schist and phy?lite are the

The E
G ene'y and E*feoak soil ser’es. These sevies are generally simi‘ar with the
E' ca% serfes being vedder and deeper weathered., These £oiis have 3.5 fectr of
yellow red to brown yellow sandy sile (ML) over at least 7.0 feet of silty sand
(S11). 7The Erioak and Glenclg series coils are leas plastic than the J.le

«

To ‘nvestigate the borrew area 32 test pits and 39 hand auper holes were du

The test pits are numbered TP 101 through TP 132. Th aviger hieles are
N p ;

nuwbered A Y35 through AU 143 snd AY 170 through AR

Roberts, Josepn K, 1923 Guology of the Virginia Triegsic: Virginia Geolopy
Sauxvey Bull, 29 205 p.

Stose, Georre Willig, 7927, Possible Post Cretaceous Faulting in the Appalachians:
Ceol. Scc. America Bu'l, Vol. 38, pp 493 404
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Summing up ‘'t can he gaid that cvery fault s trescliecousty danperous.,
Watery p i
dam fail

]
sease through fault plenes is amoung Che

ures fu the Virginia P edimont and Biue

cavses of large

W ek pipe invert assumed o be at 366.3. L

approxinte sround level, 4 deep elay cushior (

Leowythe pipe to the top of rock. ik e Py

A smalt amount of rock excavation is eupected inm the ewmsrgency spillusy
1

s 1 1y
1V be weathered Triessslc saw It occurriag on the
‘nside edoe of the cut at 150 feet right 11425 on the centor
Yine ¢f the ewergeney spltlzay. The

"
X
than U0 evbh’ o vard

cd to he

< this

T & Y 1 = = o oy Nz - S oA r
Li the des poner wiches to dod

P TRV = 7o I ) g N Ty AR A
center® "we of the emcrgency

the centertine 60 fect to the

cft at gtation 11475 on the eworaoncs
1y centeriine shou’d ke suflficient to dedge this sandotone rock.
2 :

. ¥ g oy 7 3 - - » . At - - PR ’- - ;v TR 2 Y e vr P~
o¢ dra’n shou @ be emplaced to veceive the wvater passing under

~

Sufficient borroew is availl the embankmont.,

n 3 3 : ‘ !
Sugeested placement of the borrow d by horizons of soll series !
is givon in the goi” cervelation |
A sol' map and an lsopach map ave given in the 35's,  The isopach map
gves the depth of gsoil present as a sed from the top of uausable rock
or from the water table.
The th'ckness of the Yeyer of sofl that can be excavated vith pans will be
from ' /2 to 2 1/2 fecet less than the depth of the gol” as showm on the
{gopach wap. Th s w'il be for the following reasons:
a. At ‘cast one half a foot of topsoil will have to be rcmoved.
This topsoe’t w 1° be one half a foot thick in the fields and at least
a foot thick ‘n wooled arcas, This greatevr depth in the woods is due
Lo the tvoub’e in vemoving tree voots frem the goil.
b Neavy cqu’ peent tends to mire up in soft al!luvium before the
vater table ig vreached. Thus a pon vould have difficulty even crossing
a vel botton althouph the water tabe were three feet below the sucface.
; al>uvia® col’ cua be drained with ditche ‘tev excavation
of the dry top al’'uvimm, However this is 7 and is not
genera’ 'y done by lacal contractors excepl in czges of short bovrow.




Tha anount of hovver obtuined From Lhe aliuwwial arcas depgends ifargely on
the tliie of year of embinkment covstruction. The genersl ™y dry ‘ate
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APPENDIX V - UTABILITY ANALYS I3 5/NTIARY

Refercin: to Appendix VI, Rofercace 2, the conditions used for
stabilityv analysis and the results were as follows:

Witth of crest: 14 feet

Elevation of crest: 40C.0 [t.

Dozasiream slope: 1 vertical on 2% horizontal to toe at El. 363.5

Upstcoam slope: 1 vertical on 2%
1 vertical on 10

horizontal te 1. 386.9
horizontal to El. 385.9

1 vertical on 3 horizontal to %1. 363.5
Elevation of emergency spillway crest: 391.2'
Thickness of foundation materials: Upper layer - &4 ft.

Seepage drain at c/b = 0.6

Soil Data:

Lower layer - 4 ft.

Dry unit wet unit sat. unit sub. unit @, C.,

wt. wt. wt. wt.
Item Classification pcf pcf pcf pcf degree  psf
Embankment ML-MH 90.4 115.0 120.5 58.0 19 1150
Foundation
upper layer ML 66.2 = 105.0 42.5 15.5 800
Foundation
lower layer SM 86.3 — 117.0 54.5 22 150

Loading Condition: Pool level at emergency spillway crest.

Minimum factor of safety:

Maximum drawdown

Maximum steady seepage

Method Upstream slope Downstream slope
Swedish circle 2.54 2.10
Sliding block 1.42 1.50

T e
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SUBJECT: NG 22-5, Virginia WP-08, Mountain Run, Site 50 DATE: February 9, 1970
(Culpcp01 County)

TO: Iouis 5. Button, Jr., State Conservation Engineer
SCS, Richmond, Virginia
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ATTACIVINTS
4

Form SCS-3Sh, Soil Mechanics Iaboratory Data, 6 cheets.
Form SCS-128 and SCS-128A, Consolidution Test Duta, 2 tests, 6 sheeto.
Form SCS-127, Soil Permexbility,; 2 sheets.
Form SCS-355A, Wrinxial Shear Test Data, 4 shectn.
Fomn SCS5-352, Compaction wund Penetration Resisiunce, 12 shecetuo.
Form SCS5-357, Summary - Slope Stabilily Analysis, 3 chectc.
Investigationzl Plans and Profiles.

DISCUSSION o

FOUNDATTON

A.

Bedrock. The bedrock at this site is a complex system of sundstone,
shale, siltstone, and greenstone. Faults and fault breccia zones
wvere encountered. The faults are considered to be both thrust and
transverse faults. Refer to the geology report for a discussion on
the bedrock.

The bedrock on the right abutment is mantled with about 17 to 20 feet
of weathered sandstone talus and fault breccia. In the flcodplain
section alluvium ranging from about 6 feet thick to 19 feet thick
overlies the bedrock. In the left ebutment residual soll and saprolite
ranging from about 10 feet thick to about 30 feet thick overlie the

. bedrock.

A significant thickness of fault breccia was encountered in DH 48 at
¢ station 8+00. In this test hole this zone extends from a depth of

. 18 feet to a depth of 37.2 feet, and it is logged as coarse to medium

sand-size pleces.

' Soil Classification. Nine samples of alluviun were submitted from

the centerline of dam and the centerline of the principal spillway.
The alluvium is logged as GM, M4, CL, and ML. The samples submitted
contain {rom 15 percent to §9 percont fines, and they are classed
as SM, ML, CI-ML, and MH.

. Three samples of residual soil and saprolite were submitled from the

lower left ubutment. Sample 26-1, representing weathercd greenstone,
contained 85 percent plus No. 4 silze material as received; Sample 25-1,
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representing material at the surface, conluined (9 percent fines; and
Sample 24.1, representing an intermediate zone of weathering, contained
39 percent fines.

The gradation of these samples is chown on the atlached Form SCS-35h
along with Atterberg limits for some of the samples.

The log of borings showsthat some of the alluvium contains ho to 60
percent plus No. U size material.

Density. Nine hand-sampled, undisturbed cores were submiticd to the
Iaboratory. Seven of the cores are from the alluviwa and two of the
cores (31-1 and 31-2) are from a zonec described as weathered sandstone
talus. Test specimens irimmed from the cores submitted had the
follovwing densities: :

Density
Sample Classification «/cc pefl
309-1 - " 1.32-1.01  82.4-88.0
322-1 ML 1.83-1.57 83.0-85.5
324-1 CL-ML 1.43-1.45 89.2-90.5
21-1 ML 1.53 95.5
21-2 . ML 1.k 8.9
29-1 MH L aash N TT. b
29-2 Y 1.65 ¥ 103.0
2 1 ML 1.00-1.08 62.4-67.4
31-2 ML 1.14-1.20 71.1-74.9

Shear Strength. Consolidated undrained triaxial shear tests were
made on Samples 309-1 and 31-1. The natural water content was well
below theoretical saturation, so the test specimens were soaked prior
to testing and the degree of saturation was in the range of 90 percent
on two of the specimens from Sample 1028 (309-1) and 82 percent on
one of the specimens. These specimens contained fairly large pores,
which we think resulted in the low degree of saturation. The degree
of saturation of the specimens from Sample 31-1 were in the range of
91 to 96 percent of theoretical. The shear parameters have been
interpreted as @ = 22°, ¢ = 150 psf for Sample 309-1, and @ = 15.5°%,
¢ = 800 psf for Sample 31-1.

Consolidation. Consolidation tests were made on Samples 322-1 and

324-1. We had intended to make a consolidation test on Sumple 309-1
also but we could not salvage enough sample after the shear specimens
had been trimmed. The test data indicate that both Sample 322-1 and

324-1 have been preconsolidated slightly.
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- The data indicate that for the loading range planned a concolidation

potential of about 0.0k ft/ft may be expectlted {or material like

Sumple 322-1, and 0.05 ft/ft ry be expected for material like 324-1.
Pased on the consolidation that occurred on the trlaxial test specimens
from Sample 309-1, uabout 0.06 ft/ft may be expected for this type of
material. Cowe of the materials are not represented by samples and
tests, but based on the present data we suggest an averapge value of
0.05 ft/ft be used to represent the alluvium for computsation purpoces.

Perincability. Pormeability measurcments were made on the consolidation
specinens, and the data are shown on the atteched Forms SCS-127. Cut-
off through the alluvium is planned, however. The investigaticn report
points out that the primary concern with foundation perweability at
this site is in the fault breccia zcnes which occur to depths in the
range of kO feet.

EMBANKMINT

A.

L~

Classification. Seventeen samples of availlable borrow materisls from
the emergency spillwvay and from the borrow arce were submitted to the
Laboratory for testing.

Four samples of soill and two samples of weathered bedrock were submitted
from the cmergency spillway. The soil samples submitted contain from

05 percent to 88 percent fines. Two of the samples are classed as MA
and the other two are ML. The sample of weathered siltstone contained
95 percent plus No. % size and the sample of weathered greenstone
contained 86 percent plus No. 4 size as received.

Three of the samples submitted from the borrow area contain 25 percent
or less fines and they are classed as @M, SP-SM, and GP-GM. The
remainder of the samples from the borrow area are fine-grained. They
contain from 64 percent to 95 percent fines. They are classed as ML

. and MH. The ML's have liquid limits of 35 to 45 and PI's from 5 to 16.

The MH's have LL's of 56 to 89 and PI's of 22 to 42. Two of the
samples are intermediate between ML and MH. They have liquid limits
of 50 and PI's of 15 and 18.

Compacted Density. -Standard Proctor compaction tests were made on
twelve of the borrow samples submitted. The tests were made on the
minus No. 4 fraction. The maximum dry density obtained on the M was
10% pef. The ML's had maximum dry densities from 91.5 pef to 107 pef.
The maximum dry density of the MH's ranged from 80.5 pef to 97.5 pef,
and the maximum dry densities obtained on the samples classed as ML
or MH were 95 and 97.5 pcf.

The weathered tveodrock, the SP, and the GP-CM represent small quantities,
and compaction tests were not made on these camples.
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C. Shear Strength. Consolidated undrained triaxiul) shear tesis were
nade od”i&ﬁﬁi?s 111-2 and 154-1. It is considered that the tests on
these two samples give a good representation on ubout 65,000 cubic
yards of the proposed 110,000 cubic yard £i11. 'Tne test on 154-1 is
considered to be reprecentative of Somple 120-1 and 171-1 a5 well.

The tests werc made at G5 percent of Proctor density with a degree of
saturation in the range of about 93 to 96 percent. The shear pa-
rameters oblained are ¢ = 23.5%, ¢ = 1250 psf for Sample 112~1, and
¢ = 19°, ¢ = 1150 psf for Sample 15k-1.

20
t e

STOPE STABILIWY

The stability of the proposed slopes was checked with a Swedish clrcle
method of analysis and with a sliding block method of analysis. The bed-
rvock was of course assumed to have adequate sirength for the embaniment
planned and breccia zones are described us too hard to drive cample, ©o
these were also assumed to nave adequate shear strength for the analysis.
The alluviua is quite variable and irregularly stratified. Uhe data
indicate that the &4 like Sample 2309-1 is the most critical f'rom a shear
strength standpoint, and although the most extensive deposit appears to
be dowastream from the base area, there are thin deposits in both DH 320
and T2 29. For this analysis the alluvium was represented with a four-
foot thickness of ¢ = 15.5°, ¢ = 800 psf material overlying a four-foot
thickness of ¢ = 22°, ¢ = 150 psf material.

The sliding block analysis showed the lowvest faclor of safety for the
vroposed slopes. With the full drawdown condition assumed, the 2 1/2:1
over 3:1 upstream slope has a factor of safety of 1.42. The 2 1/2:1
dowvnstream slope with the steady seepage condition assumed and a drain
at c/b = 0.6 has a factor of safety of 1.50. A sumary of the stability
analysis is attached on Forms SCS-357 and 315A.

CONCLUSIONS AND RECCMMINDATIONS

A. Site Factors. The bedrock at the site has been subjected to consider-

able faulting and there are some fairly cxtensive breccia zones that

. are suspected of being quite variable and highly permecable in some
places. Because of the intense and diversified nature of the fault-
ing, very little is known about the actual conditions of the bedrock.
It is considered, however, that there is a very good possibility
that high scepage losses may occur through the fault zones.

#B. Cutoff. Because of the uncertainty regarding the foundation conditions

at this site a deep cutoff trench has been proposed to remove much of
the greenstone fault breccia. The cutoff trench depths proposed in
the field are shown on the attached Form SCS-315, sheet 8 of 10. We
concur with the proposal for a deep cutoiff trernch to (l) insurc cutoff
in this unpredictable foundation, and (2) because of the necessity of
providing «n inspection trench to determine ¢he drainage requircuments
for protecting the ciibankment.
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Material like Samples 11h-1, 120-1, 15k-1, and 17.-1 is preferred for
backfill because it is expected that it would be easier to work with
than the MH material. We suggest that the backfill material be
compacted to a minimun of 95 percent of standard Proctlor densitly
with a placecient moisture content ncer optimun.

C. Principal Spillway. The proposed nrincipal spillway locatlon crosses
the centerline of dam at about Station M75. The alluviwa overlying
bedrock and weailhered bedrock ranges from about 5 feel thick 1o cliout
8 feet thick. The test data available indicate a consolidztion
potential in the range of 0.05 ft/ft may be expected in the alluviuwa.

The channcl crosses this alignment nesr the upper end end ve suzrest
that the conduit be excavated to at least the depth of thie channel
te provide a uniform foundation.

The potential horizontal strain at ground surface at this lccation is
expected to be in the range of 0.006 ft/ft.

D. Drain. The bedrcck has a complex faulting pattern, and the geologist
indicated that the faullting was so intense snd diversified that in-

Y terpretations based on present data were problematical at best.
We think that the conditions at this site warrant a fairly extensive 1

drainage system even though a deep cutoff is plamned. Tentetively
we suggest a wider-than-normal trench drain that bottoms on bedrock.
The location will be somewhat variable in the floodplain section
depending on the slopes required for the cutoff trench. The final
determination of the drainage requirements can be best determined
efter the core trench is excavated and the conditions have been
determined by actual inspection.

With the cutoff planned the foundation ceepage that will be of concern
will be through the bedrock or the breccia zones. We suggest, therefore,
that you consider a pervious drain fill such as ASTM No. 78 or €9 coarse
aggregate for the drain with a transition zone like ASTM fine concrcte
aggregate between the embankment material and the coarser drain fill.

E. Embankment Design.

1. Placcment of Materials. We suggest selective placement of materials
during construction to restrict the placement of the MH material
to the interior sections of the embankment where it will not bve
subjected to wetting and drying. The €M, SP-SM, and GP-GM like
Samples 152-1 and 152-2 could be best utilized in the downstream
section of the fill to facilitate drainage within the cmbankment.
The ML's m.y of course be used in either the center ox the exterior
sections of the £{ll. With the exception of the GP-GM (152-2) and
Lhe weathered bedrock from the emergency spillway, we suggest that
all of the embankment materials be placed at a minimum of 95 percent
of standard Proctor densily with the control based on the minus
%o. b fraction. Placement moisture content should be near optimum.
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The weathered bedrock from the emergency spillway represents a
small quantity and it can probably be utilized above the phrceatic
linc in the downstream section. A methods specification could be
used for the weathered bedrock and the GP-GM.

2. Slopes. The data and analyses indicate that the proposed 2 1/2:1
over 3:1 upstream slope and the 2 1/2:1 downstream slope have
accepltable factors of safety.

3. Settlement. We suggest an overfill allovance of 1.0 foot to
compensate for residual consolidation in the £ill and Tfoundation.

Prepared by:
2 AN
&) Sl T AN Ao O

Lorn P. Dunnigan ) :
Head, Soil Mechanics Iaboratory

Attaechments

ce:

Iouis S. Button (4)

Neil F. Pogner, Upper Darby, Pa. (2)
Rey S. Decker, Lincoln, kcbr.
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APPENDIX Vil - REFERENCES

1. Recommend:d Guidelines for Sa:icty Inspection of Dams, Dept. of

Army, Office of the Chief Of Engin-ers.

2. Design of Small Dams, U.S. Dep:rtment of Interior, Bur~au of
Reclamation.




