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20. Abstract

Pursuant to Public Law 92-367, Phase I Inspection Reports are prepared
under guidance contained in the recommended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers,
Washingﬁon, D. C. 20814. ’'The purpose of a Phase I investigation is
to identify expeditiously those dams which may pose hazards to human
life or property. The assessment of the general conditions of the dam
is based upon available data and visual inspections. Detailed
investigation and analyses involving topographic mapping, subsurface
investigations, testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however, the
investigation is intended to identify any need for such studies.

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

Phase I reports include project information of the dam and
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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MOUNTA TN RUN NO. 18
PHAS5 T REPORT

NATTIONAL D.AM SAFETY PROGRAM

Name o[ Dam: Mountain Run No. !S Dam #VA 04706
State: Virgzinia

County: Culpeper County

USGS Quad Sheet: Culpeper West

Stream: Balls Run

Mountain Run No. 18 is an earthfill structure 1,000 feet long and 38.5
feet high. The principal spillway consists of a drop inlet to a
30-inch diameter reinforced concrete pipe running through the dam at a
low level. The emergency spillway is a 150-foot wide vegetated earth
side channel spillway. The dam is located on Balls Run about 3/4
miles north of Culpeper, Virginia. The dam was designed and
constructed under the supervision of the U. S. Soil Conservation
Service and is presently owned by Mr. John H. Harlow, Route 1, Box 18,
Culpeper, Virginia 22701.

The spillway will pass the Probable Maximum Flood (PMF).
Therefore, based on criteria established by the Department of the
Army, Office of the Chief of Engineers (OCE), the spillway is
considered to be 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 caanot be made without coanstruction records and
calculations.

Submitted by: Approved:

inal signed by~
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District Engincer
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MOUNTAIN RUN MO, 18
SECTION 1 - PROJECT NFORMATION
1.1 General:

1.1.1 Authority: Public Law 92-367, & August 1972, authorized
the Secretary of the Army, through the Corps of Engineers to initiate
1 national program of safety inspections of dams throughout thz United
States. The Norfolk District has been as5:izned the responsibility of
supervising the inspaction of dams in the Cormonwealth of Virgiaiia.

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 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. 18 is an
earth-fill structure about 1,000 feet long and 38.5 feet high. The
top of the dam is 14 feet wide and is at elevation 397.2 feet m.s.l.
Side slopes are 2.5 horizontal to 1 vertical (2.5:1).

The principal spillway consists of a 30-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 376.5. A concrete outlet structure
is provided at the downstream end of the principal spillway so
discharges 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
150 feet with a crest at elevation 388.5 and side slopes of 3:l1.
Selected topsoil is placed in 4" thicknesses on tue side slopes and on
the bottom of the spillway. The topsoil is well compacted on the
bottom of the spillway.

A 30-inch gated inlet with invert at a low level enters the
upstream side of the riser from the reservoir. This permits
withdrawal of water from the bottom of the reservoir.

There are no facilities for withdrawal of water from the reservoir
for water supply at this time.




1.2.2 Location: Mountain Run Dam No. 18 is located on BLzlls Run
about 3/4 mile upsircam from Culpeper, Vo. The reservoir form-l! by
the dam is known locally as Ball Run.

1.2.3 Size Classification: The dam is classified as an
"intermediate' siz» structure because of iLs maximum storage v~oiential

of 2,290 acre-feeat.

1.2.4 Hazard Classification: The drm is located in an urban area
and is therefore given a high hazard clussification in accordance with
guidelines containcd in Section 2.1.2 of Reference 1, Appendix VII.
The hazard classification used to categorize dams is a function of
location only and has nothing to do with its stability or probability

of failure.

1.2.5 Ownership: Mr. Charles H. Harlow
Route 1, Box 18
Culpeper, Virginia 22701

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 1973.

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 is 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 3.99
square miles.

1.3.2 Discharge at Dam Site:

Maximum flood at dam site not known.

Principal Spillway: )
Pool level at emergency spillway crest . . . . 108 c.f.s.

Emergency Spillway: .
Pool level at topof dam « « « « « « « o o 12,340 c.f.s.

PO




1.3.3 Dam and Reservoir Data: Pertinecat
reservoir are shown in the following table:

data on the dam and

Table 1.1 DAM AND RESERVOI® DATA

___ Reservoir

Elevation ___ _Capacity
feet Area Acra Watershed Length
Item L amesWl acresi ithest inches milcs
Top of dam 397.2 185 2290 10.8 =
Max imum pool, design
surcharge 391.1 136 1298 6.1 =
Emergency spillway crest 388.5 120 967 4.5 -
Principal Spillway crest (a) 376.5 46 270 1.3 0.4
Streambed at centerline
of dam ; 359% 0 0 0 0

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




SECTIuN 7 — ENGINEERING DATA
2.1 Design: The dam wvas sdesigned and constructed under the
direction of the U.S. Soil toascrvation Service. As-huilt drawings

and coumplete design data arc 1ilable in the offi-> of the State
Conservaiionist, U.S. Soil Consecrvation Service, P.O. Box 10026,
(Federal Building, Room 9201) Richmond, Va. 23240

A zrologic (foundation) investigation was conducted at the site by
the SCS during the initial design stages. The investigation included
drilling 11 core borings and excavating 87 test piis along the
proposad dam alignment, principal and emergency spillways and borrows
areas. The core borings were drilled into rock aand pressure tested
where possible. Multiple constant head field permeability tests were
also conducted in most of the holes 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 borings and test pits. A detailed geologic report
with foundation recommendations was also prepared based on the
borings, test pits and field tests. The profiles are shown as "as
built" drawings on plates ITI, IV, and VI of Appendix I. The geologic
report is inclosed as Appendix IV.

Referring to Plate IV, Appendix I, the embankment structure
consists of a zoned compacted earth dam with a 12 ft. bottom width
cutoff trench of variable depth extending into bedrock. The cutoff
trench and the inner core consist of mostly ML and some CL materials.
The outer shell of the dam consists of SM and some SM-ML material. A
summary of the engineering properties of the foundation and embankment
materials determined by the Soil Conservation Service (see Appendix
VI) is given in Table 2.1,

To control the phreatic surface and to collect seepages, a
drainage system is located under the downstream portion of the dan.
The drainage system consists of a treach 4 feet wide filled with
graded filter material and a 6 inch perforated pipe. Depth of the
trench is variable as indicated on Plate III, Appendix I. An
interceptive drain of similar construction runs parallel to the
principal spillway to the plunge pool.

The em=srgency spillway, located at the left abutment, is formed by
a cut into non plastic SM material. :

Th> slope stability was checked with the modified Swedish circle

and the sliding block methods. The conditions assumed for the

analyses are given in Section 6 and Appendix V. Oaly one trial

analysis was made using each w=2thod for the upstrean slope and for the

downstreum slope. The sliding block method showed the lower factor of
6




safety for both slopes. With ful! drawdown condition, tho factor of

safety for thc upstream slope is Z.”5. The factor of s17-*y for the
downstream slopz is 2.27 for the u'! steady seepage coa!' ' ion with
drain located at c¢/b = 0.6. Compv:~.ions for the stabilit, analyses
were not available.

No information on settlement cnzlvsis was available, cwcept for a

recommendation of an overfill of 0.9 foot for the embankmeit structure
across the floodplain to compensat~ for foundation and embankment
settlement.

2.2 Construction: The construction records were not furnished by
the SCS office in Richmond, but thoy are available from the SCS office

in Washington, D. C.

2.3 Operation: There is no known operation and instrumentation
procedure.

2.4 Evaluation: See Evaluation given in Section 6.3.




3 Table 2.1
SUMMARY OF SOTT, ZNGINEERING DATA

(A) FOUNDATION MATERIAL

Consistency Dry Unit Water Strength
Classification lLinits Wt. Content  Parameters  Compressibility
LL BT [7} C
RS peE % degree psf  ft./ft.

MH 59 19 62.4 49.8 - - =
ML 35-39 9 84.2-94.2 4.0-7.0 21% 300+ .05
SC 26 12 117.0 8.5 - - =
CL 37 14 99.2 25.9 20.5* 1250% .01
SP-SM nonplastic 93.0 16.0 34.5% 1000* -

(B) EMBANKMENT MATERIAL

Compaction Properties

Consistency Dry Unit Opt. Water Strength
Classification Limits Wt. Content Parameters
LL PI [} ¢
' % A pcf % degree  psf
MH 59-63 26 88.0-92.5 27.0-32.5 - -
ML 22-40  3-7 98.5-111.0 14.5-22.5 - -
**ML nonplastic 95.8 20.5 30 800
CL 28 12 115.5 14.5 = =
SM nonplastic 114.0 13.5 = -

%

Consolidated Undrained triaxial test

+ Direct shear test (conditions for consolidation and drainage not given)
*% Consolidated Undrained triaxial test on sample compacted to 95% at
optimum moisture content and soaked for seven days.




SECTION 3 - VISUAL INSPECTION

3.1 Findings: Field observation are outlined in Apsceadix ITII. There is

L

excessive wrowth of vegetation on portions of the embansnont, right abutment,
at the toe of the dam and within rhe ciprap in the disch:rzz channel.
However, an area on the upstream eabankment as outlin~d in Appendix III and
noted in 1973 SCS annual inspectiun report, is thinly veg:tated. Several
animal burrows were noted in thae cwmbankment. Also, the upstream embankment

at pool elevuation has experienced ©rosion. This erosion has also been
recorded in the 1978 SCS inspectiou report and is outlincd in Appendix III.
An unimproved road traverses the emergency spillway and the crest of the

dam. Colloidal sediment was evident in foundation drain pipes. The dam had
no staff gages or instrumentation. There was no access to the riser. Manual
controls were not available to test intake valves in the riser.

3.2 Evaluation: Overall, the structure was in good condition at the
time of inspection. However some minor remedial measures are required. All
types of vegetation that have extensive root system should be cleared from
the faces and toe of dam and from the ripraps. The crest of the dam should
be closed to vehicular traffic and the bare spots should be reseeded. In the
event that the traffic cannot be successfully controlled, the crest must be
protected from erosion with a pavement.




SECTION 4 - OP:'AtIONAL PROCEDURLS

4.1 Procecdures: Operation of the project is autcaatic. The

30-inch diam-ter principal spillway is ungated, therefare water rising
above the crest of the drop inlet is automatically pass=d Jownstream.
This in turn automatically maintains the pool level at or near
elevation 377 ft. MSL most of th: time. Water is automatically passed
through the ungated emergency spillway in the event of 2 extreme
flood which fills the flood storage space.

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 the 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 Water Conservation Commission, the Culpeper Soil and Water
Conservation District and the Mountain Run Watershed Association.

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

10
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SECTION 5 = HYDRAULIC/HYDROLOGIC DESIGN

5.1 Design: Th» ~levation of the crest (3/6.5 feet m.s.l.) of
thwe drop inlet to the principal spillway was cstablished at an
~loavation which woitld provide the conservitio: storage mneeded for

s»diment deposit and witer supply. The capacicy (108 c.f.s. wiih

‘servoir level at crast of emergency spillwsy) of the principal
spillway was establis:ad by consideration o a number of factors
including (1) the capahility of evacuating tha flood storage space
within a reasonable time (+ 10 days), (2) not passing damaging flows
downstream, and (3) the capability of the reservoir to store flood
waters. The crest (elevation 388.5) of the emergency spillway was
established at the maximum elevation reached in routing the principal
spillway hydrograph which resulted from the 100-year 10-day
rainstorm. The elevation of the top of the dam (elevation 397.2) 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).

5.2 Hydrologic Records: None

5.3 Flood Experience: Flooding during Hurricane Agnes in
Culpeper in June 1972 was reduced somewhat by this dam.

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 tha 30-inch
concrete 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.

Outlet discharge capacity, reservoir area and storage capacity
data, and hydrograph and routing determinations were obtained from
reports and computations furnished by the Scil Conservation Service
($CS). The routing of the emergency spillway and freeboard
hydrographs began with the reservoir level at the crest of the
principal spillway.

5.6 Overtopping Potential: The probable rise in the reservoir
and other pertinent information on reservoir performance in various
hydrographs is shown in the following table:

11




Table 5.1 RESERVOIR PERFORMANCE

~ diydrograph -
Principa! Emergency Free-
Spillway Spillway Board
o Teem __Nerwal (a) (b)
Peak flow, c.f.s.
Inflow 2 N/A 7,280 24,400
Out £ ow 2 108 1,580 12,340
Peal: clev., ft. msl 3765 388.5 391.1 397.2
Enzrgency Spillway
Depth of flow, ft. = 0 2.6 8.7
Avg. velocity, f.p.s.(c) - 0 3.9 8.1

Non-over flow section
Depth of flow, ft. = = -
Avg. velocity, f.p.s.(c)

o

(a) 100-year 10-day volume produces the most conservatively large
indication of flood control storage required. Detailed discharge
hydrograph was not determined.

(b) Probable maximum flood by COE standards.

5.7 Reservoir Emptying Potential: The 30-inch conduit through
the dam at a low level will permit withdrawal of about 108 c.f.s. with
the reservoir level at the emergency spillway crest and essentially
dewater the reservoir in about 1 week.

5.8 Evaluation: Hydrologic and hydraulic determinations prepared
by the SCS as a basis for design of the project appear reasonable.
The spillway will pass a freeboard hydrograph which is essentially
equal to the PMF. The spillway is therefore considered to be adequate.

12




SECTION &6 - DAM STABILITY

6.1 Fouidation: Mountain Rup Dam No. 18 is found' cu alluvial,
terrace an! rosidual soils overlyin: weathered igneous o wetamorphic
bedrock. A 12-foot wide (base) cutoff or core trench k:. s the earth
embankment into weathered bedrock. A seepage drain, 4 foot wide, runs
approximatoly 660 feet along th: length of the dam 65 fe-:t downstream
of the centerline. The drain system is founded on weatrhercd bedrock
and varies in thickness according to local foundation conlitions. '"As

built'" drawvings of the cutoff tranch and seepage drain on a geologic
profile are shown on plates IIT and VI respectively in Appendix T.
The remainder of this section deals with describing the geologic
location of the dam site and the foundation conditioas.

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 approximately one mile west of the basin
contact and is underlain by only the older igneous and metamorphic
rocks. The Triassic basin sediments occur just downstream of the
dam. Syenite, an igneous plutonic rock, underlies most of the dam
site but is overlain by the metamorphic rocks under the left abutment
and channel section. The syenite, however, does comprise the entire
steeper right abutment except for the soil cap. The metamorphic
rocks, which are part of the Lynchburg Formation include phyllite,
meta—arkose, and slate. The phyllite and slate underlie most of the
left abutment above the syenite. Meta-arkose underlies most of the
channel section. In addition, amphybolite dikes occur randomly
throughout the foundation bedrock except under the steeper right
abutment.

Soils overlie all the bedrock and comprise the foundation-
embankment contact. From 4 to 11 feet of alluvial and terrace soils
overlie residual soils and the weathered phyllite and slate along the
left abutment. From 10 to 13 feet of coarser grained alluvial soils
directly overlie the weathered meta-arkose along the channal section
and approximately 5 feet of residual soils overlie the woathered
syenite alonz the right abutment.
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The structucal relationship botw:-n the various rock t pas is
fairly complex. Jointing and minor T:iassic normal faultinz cccur
within the bodriock. No prominent jnint system however, wa. noted.

The faulting occirs perdominately at thio contact of the syrnite and
softer meta-arkose and phylitte, but lictle fault gouge or Lrecciated
material was «ncountered. However, running sands were notco! in a
fault zone at ti.c toe of the right abutment where the syeani*c contacts
meta-arkose. Thz amphybolite dikes intrude the other rocks in zones
that strike nearly parallel to thg dan alignment. The schistgsity of
the metamorpliic rocks strikes N42 to 47 E and dips 35 to /5

SE.

The condition of the foundation materials varies according to the
composition. The soils are relatively soft or loose near the surface
and become harder or more dense with depth as expected. The alluvial
soils under the channel section are especially dense. Fairly dense
and impermeable residual soils overly the weathered bedrock
throughout. The weathered rock proved fairly impermeable during field
testing except at one fault zone previously mentioned and within some
badly fractured meta-arkose near the toe of the left abutment. The
geology report recommended the cutoff trench be placed to 40 blow/foot
residual soils under the left abutment and channel section and to the
shallow (approx. 5') top of weathered rock under the right abutment.
The detail of the cutoff trench shown as plate TIII, Appendix I, shows
these approximate depths, however, the final depth of the trench was
to be determined by the field engineer. It is apparent, though, that
the trench was not placed below the fault zones.

Construction reports were not available to check the actual
figures or determine the actual foundation materials and their
conditions at the bottom of the cutoff trench and below the seepage
drain. It is assumed that the trench was placed into impermeable
residual soils or weathered bedrock as recommended and that the
seepage drain was founded on impermeable weathered bedrock as shown in
the detail on plate VI, Appendix T.

6.2 Embankment: Referring to Plate No. IV, Appendix I, the crest
of the dam is 14 ft. wide at El. 397.2. The upstream slope of the
shell is 1 vertical to 2-1/2 horizontal from the crest of dam to El.
378.0 where it flattens to 1 vertical to 10 horizontal, forming a berm
for a vertical distance of 1 foot. The flat berm protects the
upstream shoreline from erosion during the normal pool operation.
From El. 377, the slope changes to 1 vertical on 3 horizontal to
natural ground. The downstream slope of the shell is 1 vertical to
2-1/2 horizontal from crest to toe of dam. The upstream slope of the
inner core is 1 vertical to 2-1/2 horiznntal and it follows
essentially the outline of the upstream shell. The downstream slope
of the inner corc is 1 vertical to 2 horizontal. The inner core is
constructed with mostly ML and somz CL materials compacted in 9-inch
1ift at or above the optimum moisture content. The outer shell is

i ¥

constructed with SM and non-plastic 1. material compacted in 9-inch




lift. The seepaye drain is located ot the outer shell matorial under
the downstreawm po-tion of the dam. Althongh no specific dinision is
givqn on Plate VI, Appendix I, the location of the drain appoucs to
satisfy the design condition of c/b = O.o.

6.3 E_v;l uat i-r"," .

6.3.1 Foundation:

Most dam foundations are evaluated on the basis of potertial
settlement, slidinz and seepage. Excessive settlement of the dam 1is
not a problem bocause the foundation is composed of fairly dense soils
overlying weathercd bedrock and settlement was not noted along the dam
alignment during the visual inspection. Sliding within the foundation
bedrock is not usually a problem under small, earth dams. 1In
addition, there are no adversely oriented weak planes within the
foundation bedrock that would act as a potential sliding plane. The
potential for seepage does exist within the foundation since the dam
is founded partly on soil types that are fairly permeable and overlie
faulted bedrock. The cutoff trench and seepage drain were placed
below the permeable soils but not below the fault zones. Since the
hydraulic head behind the dam is only 8 feet during normal pool and 20
feet at the emergency spillway, it was probably determined that unsafe
seepage would not develope through the fault zones at those low heads,
thereby eliminating the need for a deeper trench. This is a valid
determination especially since no seepage has ever occured downstream
of the dam. It is recommended, however, that close monitoring of the
toe drain and downstream area be done during high (flood) water
conditions to assure against unsafe seepage.

6.3.2 Embankment:

The embankment structure was checked with the modified Swedish
circle and the sliding block methods. According to the available
information given in Appendix VI, only one trial analysis was made for
the upstream slope by each mathod. Similarily, only one trial
analysis was made for the downstream slope. The factor of safety
determined are therefore not the minimum factor of safety for the
slopes. The factor of safety presented below refers only to the trial
analysis. This is not the customary procedure used in stability
analysis. As the dam is built on stratified foundation, the sliding
block method showed the lower factor of safety. Referring to Appendix
V, the factor of safety for the upstream slope is 2.25 for the full
drawdown condition from pool level at cmergency spillway crest
elevation 386.9 (actual crest elevation is 388.5 ft.). The factor of
safety for the downstream slope is 2.27 for the full steady scepage
condition (pool level at EMS) with drain located at c¢/b = 0.6. The
embankment structure considered for the Swedish circle
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method is different (rom the sliding block m:thod given in Appen.ix
Vi. The embankment structure used in the sliding block method is more
roprosentative of the actual embankment which v; analysed as a
structure with a 14 fr. wide crest and 32.9 7t. high fill section ovor
4 ft. of foundation. Mo calculations for thi» srability analyses weio:
avoilable. See Appendixz V for additional information on stability
anrlyses.

The embankment slopcs meet the requircm:nt recommended by the U.S.
Burcau of Reclamation {or small zoned earthfill dams on stable
foundation according to Reference 2, Appendix VII. Since no undue
aetrtlement, crack or scepage was noted at the time of inspection, it
appears that the embankment is adequate for normal pool level at El.
376.5 ft.
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SEGTLON 7 ASSESSMENT/REMEDTAL MEASURES

7.1 Dam Assescmzirt: Reference 1, App -ndix VII, recommends
Spillway Design Flo-d .quivalent to the PMi. Since the PMF do=s ot
top the crest of the d.m, the emergency spiiluay is considered

alequate.

Based on the visiral inspection and revicw of existing record:,
there is no apparent nroblem that would reanire immediate action for

the normal pool conditions. The actual enbinkment structure app2urs
to be similar to tho "as-built" drawings. !ithout the constructisn
rocords, and without performing the stability analysis according to

the recommendation given in Reference 1, Anpendix VII, the stabilily
of the embankment under designed loading conilitions cannot be assossed
although the embankment slope and crest widch meet the requirements
recommended by the U.S. Bureau of Reclamation for small zoned

earthfill dams on stable foundation given in 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 Remove woody vegetation in downstream discharge channel
riprap to eliminate deep rooted growth.

7.2.3 Backfill animal burrows located in the embankments to
eliminate erosion.

7.2.4 Provide slope protection on the upstream slope against
erosion at the pool elevation.

7.2.5 The crest of the dam should be closed to vehicular traffic
and the bare spots should bz reseceded. In the event that the traffic
cannoi be successfully controlled, the crest must be paved to protect
against erosion.

7.2.6 The current annual inspection program should include
observations and measurement, if feasible, of the flow rate of the
scepage drain. In the event that the drainage water is murky, an
analysis of the suspended solids should be made to determine the
source of these solids.

7.2.7 Record the pool elevation and flow rate of the seepage
drain whenever the pool level rises 6 ft. or nore above the normail
ponl elevation. Staff gage or other equivalent method should be
placed to indicate the pool level.

7.2.8 Suggest to pcorform stability analvsis with the "as-buil:"
conditions and appropriate material properti.: using the guidelines
recommended by Referconce 1, Appendix VII and the sliding block or
wedoe method to check the stability of slopes.:
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MAPS AND DRAWINGS
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APPENDIX III
FIELD OBSERVATIONS

Name of Dam: Mountain Run Dam No. 18

County: Culpeper State: Virginia
Coordinates: Lat. 38°929'30" Long. 78°00'30"
Date of Inspection: 8 June 1978

Weather: Light rain - Temperature: 75°F

Pool Elevation at Time of Inspection: 376.5' m.s.l.
Tailwater at Time of Inspection: 360' m.s.l.

Inspection Personnel:

State Water Control Board
H. Wigglesworth

Corps of Engineers
W. Barker
L. Jones
D. Pezza (Recorder)
J. Robinson

1. Embankment:

1.1 Surface Cracks: The slopes, crest, and abutment contacts:
were inspected. The slope, and abutment contact were covered with 3
to 4 feet of light vegetation, making observations difficult. The
vegetation was predominately grass, and an occasional small tree and
bush were intermittently noted. The crest of the dam and downstream
toe area was recently trimmed to 6 inches. Soil conditions were very
moist due to wet weather conditions. No cracks were noted on the dam.

1.2 Unusual Movement: No unusual movement was noted on the dam.
Again vegetation inhibited observations.

1.3 Sloughing or Erosion: Erosion of the upstream slope was
noted at the waterline. The erosion was about 1 foot in height just
above the present pool elevation. It was caused by either wavve
action or pool fluctuation. Also, a portion of the reservoir
embankment 20 feet upstream of the right abutment has eroded along the
shoreline. At this point, a barbed wire fence parallel to the dam,
extends 15 feet into the water. The portion in the water has been
undermined and lays collapsed in the water. At the center of the
upstream slope about three-quarters up, there is a 100 foot horizontal
strip covered with thin growth of clover. The terrain in the area has
evidence of very shallow (1 to 2 inches) gully type erosion. A few
animal burrows up to 8 inches in diameter were noted. The crest of
the dam has been used as a roadway. Although there are no ruts
formed, the vehicular traffic caused bare spots which are desirable,
as the crest of the dam must be protected with a good growth of
grass. No sloughing was noted.
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l.4 Alignment: The vertical and horizontal alignment of the dam
did not deviate from the as built drawings. The crest of the dam
serves as a dirt trail access road.

1.5 Riprap: The only riprap on the dam was in the discharge
channel. Refer to section 2.3 for comments.

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

1.7 Seepage: No seepage was noted on the slopes at the
abutments, along the toe or along conduits passing through the dam.
The toe area right of the outlet works was not trimmed making
observations difficult.

1.8 Drains: The structure has a toe foundation drain. Two 6
inch corrugated metal discharge pipes, serving the drain, were located
on each side of the spillway conduit. The pipes were flowing less
than one~sixth full and the water was clear. A rust colored colloidal
sediment was noted in the bottom of the pipes.

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

2. Water Works:

2.1 Intake Structure: There was no access to the riser. The {

" structure is concrete and showed no visible signs of deterioration. A

vertical shaft, without manual controls for regulation of intake

values, extended above the riser. The regulating works were not |
operated during the inspection. A trash rack, consisting of parallel

angle-irons every 12 to 16 inches, covers the opening of the riser.

No debris was lodged in the inlet nor was there any in the immediate

area. Pool elevation was slightly higher than the drop inlet.

2.2 Outlet Works: A 30-inch ungated concrete conduit serves as
the spillway running from the riser through the dam. The discharge
end extended 15 feet beyond the toe of the dam. The last 5 feet of
the conduit is cantilevered. The conduit was running about one-sixth
full and showed no signs of deterioration.

2.3 Outlet Channel: A discharge channel extended approximately
50 feet from the toe of the embankment. The area behind and
underneath the cantilevered conduit spillway was protected from eddy
currents with diabased riprap. The riprap extended the full length of
the outlet channel protecting the slopes and base of the channel. The
riprap was built up across the end of the channel serving as baffles.
The tailwater was approximately four feet below the conduit invert.
Channel pools were measured up to 2 feet in depth and were deepest
near the mouth of the conduit. Heavy vegetation has grown up through
the rocks.
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3. Emergency Spillway: The spillway is cut into existing
terrain. The channel is in good condition and has excellent
vegetative cover trimmed to 6 inches. The left cut slope was in
excellent condition and was covered with 3 to 4 feet of light
vegetation. The left dike was trimmed and also appeared in good
condition. A trail access road traverses the approach channel and
goes up the dike to the crest of the dam.

4. Reservoir: The area surrounding the upstream reservoir
consists of gentle rolling hills covered with pasture land or planted
fields. Two farms sitting on top of nearby hills are visible from the
crest of the dam. No obvservations of sediment could be made. The
water was clear and free from debris.

5. Downstream Channel: The channel immediately beyond the outlet

channel had signs of erosion. The channel walls were 6 feet high with
near vertical slopes. Above the channel the terrain was relatively
flat. The stream narrows from approximately 20 to 5 feet about 200
feet downstream. No structures are in the apparent flood plane until
the channel approaches the town of Culpepper, 0.75 miles downstream of
the dam.
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APPENDIX IV - GEOLOGY REPORT
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The Lynchburg Formation was deposited in late Preczibrian tine from

sediments that came westward. These cane from an old land-mass that
cccurred to the east of Richmond. The Lynchburg formation is thick.
A total thickness of 11,000 feet is a conservative cstimate of thickness
in this area.

petrology of the Lynchburg Ferration is complex. Mc tamorphic rocks }
darring in this formaticn include mica gneiss, sericite phyllite,
graphite rock, quartzite and sandstone, slate, metz-arkcse, and meta-
conglomerate. The metavorphic facies of this formation is below grecn-
schist facies.

Mctamorphic rocks of the Lynchburg Formation in the area of the dam are
slate, phyllite, and meta-arkose, and amphibolite, These rocks are the
metamorphic preducts of the following sediments as shown by the chart-

heat and pressure

slate e black shale
phyllite T acid shale
meta-arkose —= arkosic sandstone

amphibolite

basic dike rock

The amphibolite is from basic swarm type dikes that fed the thick
(approximately 12,000 foot) Catoctin lava flow. These dikes cross the
Lynchburg Formaticn to a great e¢xtent. On Beautiful Pun Watcrshed in

. ‘2discn County where all dams are in the Lynchburg Fermation, approxi-
mately 35 percent of the area is underlain by amphibolite dikes. These
arphibolite dikes arc the same age as the Catoctin greenstone. The

-~ “son they ccntain hornblende instead of the cpidote minerals




in grecenstone is due te hicher wetamorphic facies as-

300° ¢ 600° ¢

Basic lava — e greenstone —————=s=—amphibolite

lenccus recks occurring on the site are sycnite and the pcanatite
dikes that have the sycnite stock as their origin. The sycnite
‘grenite withocut cuartr) is the ridge - fermer that makes the stecp
right zbutment. As thc syenitc shcws little signs of metamorphise
it could be corrclated te the Micsissippian age sycnites and aranites
{such as the Leatherwcod syenite, that fronts the face of the federal
et 1o i el il .
Luilcding ia Richroend, Virginia) that are present in the western
virginia picdiont.  The sycnite occurring in the right abutnent is
froctured as cbserved ¢a cxposurcs occurring on the upstrcam sicde of
the ebutment.
A time table of geologic cvents that depesited, metancorpheosed and
frectured the rccks under Site "c. 1€ is given as:
feproxinate Pcriod Event
Time
1
160 ny Triassic or Jurassic ‘lormal faulting
190 ny Pe rmian formation ~f great
anticline (fclding)
220 my Mississippian Emplacement cof
syenite and
pegmatite
520 my Cambrian Emplacement cof

amphibolite

€50 my Precambrian Scdimentation of
phyllite, slate and
meta-arkose

Residual soil weathered from the diverse rocks of the Lynchburg
formation is prcsent on the site. This residual material forms typical
red-ycllew pod-ols with a thick bright red B horizon overlying a sandy
generally nonplastic micaceous C horizon.

Colluvial scils are almeost non-existant in the area of the damsite.
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Terrace soils are prominant in the arca of this site. These include
high terraces (Hiwassece series) intermediate terraces {Masada scries)
and low terraces (Auogusta and Rcanoke scries).

These terraccs were not implaced by the small strcam at this site.
They are rather the product of a former drainage system that flowcd
to the northeast as cpposed to the prevalent southeastern drainage
system in the rodern Virginia picdnont,

Evidences of this forimer river system can be traced from strecam gravels
on hilltops and slopes from western Madison County through Culpcper
County and out into the Culpcper Triassic basin,

Ball's Run flows in a strongly entrenched dendritic meandering course.
At present the stream is slightly zggrading te neutral at the site.

METHODS AND PROCEDURES

1. The design engincer is kindly asked to bear with the above rather
full description of the origin of rocks and soils occurring cn this
site. He is asked fcr 2 while to think "know why'" of the scicntist
instead of thinking "know how' of the engineer.

Soils present on the site are classified both according to the
onnified System and according to the U. S. Dcpt. of Agriculture System.
Use of this latier sgstem is made only as a fairly convenient grouping
of total soil profiles intc classes. The scries nazes provide a con-
venient shorthand to express in two words what might otherwise take a
phrase to express. The origins of the soil serics are as follows:

Cecil Series = Dcep residual, weathered from granite or syenite
Louisburg Series = Shallow residual weathered from granite or sycnite.

Elioak Series = Deep residual weathered from phyllite, slate, gneiss,
cr meta-arkose of the Lynchburg Formation.

Hiwassee Series = High terrace with red un-mottied B horizon.

Masada Series = Intermediate terrace - yellow red with red and yellow
fossil mottles.

Augusta Series = Fairly low terrace with clay - yellow and yellow red
with brown and gray mottles.

Roanoke Series = Lcw terrace - light gray mottled with shades of

yellow brown - poorly drained - tight.

1
|
1
|
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ranges from 4.3 feet to 11.0 feet below the ground surface. Present
in this scil are browa ML ratcrial and gray nottled ML, CL and SM

€
lenses cverlying a basal (M. This overlics up to 2.0 feet of weathered
meta-arkose.

Talus of boulders and cobbles cverlain by red brewn colluvial silty sand

(SKM) is preccent at the tce of the slope of the right abutnent frem
station 22+L0 to staticn 22+15 on the dan centerline. This talus and
colluvium ranges in thickness from 3.8 to 6.0 fcet.

Residual soil weathcred from syenite occurs cn the right sbutrent {rom
station 22+15 on the dav centerline to the top of the dan This soil
has 2.5 fcet of yellow red hzrd silt (ML or M) over 7.5 fcct of
weathered syenite.

~

To investigate the centerline cf the dam 13 test pits were dug. These
are nurbcred TP 2 thrcugh 1P 14,

CENTERLINE OF THE PIPE

Two proposed pipes were investigeted. Thcse are designated as pipe "A"
J pipe "B". The centerline nf pipe "A" crosses the centerline of the
;o at staticn 20455 con the centerline of the dam and staticn 2+70 on
the pipe centerline. These centerlines form a 78 degree 30 minute angle.
The centerline of pipe "B" creosses the centerline of the dam at station
21+88 on dam centerline and station 2+00 on the pipe centerline. These
centerlines are normal to each other.

The centcrline of pipe "A" is placed on meta-arkose with injected
amphibolite. The amphibolite is present between station 2+00 and 2480
on the pipe centerline and downstream from station 4+15.

The alluvial soil that occurs on the centerline of pipe'f'has a layer
cf brecwn to red brown ML material overlying lenses of gray and mottled
gray ML. CL and SM material that overlie a basal gravel (GM) layer.
This soil is sbove weathecred meta-arkose and amphibolite that ranges
in thickness up tc 6.3 feet.

The relief of the top of rock along this pipe centerline ranges from
elevation 359.0 toc elevation 251.0

The- centerline of pipe "B" is placed on meta-arkose iniected with sycaite
The syenite occurs from station 3425 to station 2490 on this pipe center-
line. This syenite is unweathcred with backhoe refusal effected at 6.5
fcet below the ground surface on unwecathered sycnite. The mcta-arkese

is weathered with up to 4.C feet of weathered meta-arkose prccent.
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Alluvial soil is prcsent on the centerline of pipe Vo This alluvium
has a top layer of from 0.5 to 3.0 fcet of red brecwn te brown ML material
cverlying lenses of gray and mottled gray ML, CL. =nd SN vaterial with

a basal gravel &bove the wcathercd mcta-arkcse.

The relief of the tep of rock on the centerline of pipe “B" ranges from
clevaticn 258.0 to e€levation 254.0

Tc Investigate the centerlincs of these twe proposcd pipes 21 test pits
were dug. These TPs are numbered TP 201 through 7F 310 (pipe "i") and
iP 220 through TP 228 (pipe "AM).

EMERGENCY SPILLWAY

The proposed emergency spillway cut is placed on the left sbutment.

The centerline of this emergency spillway crosses the centerline of

the dam at station 13+10 on the centerline of the dam and station

5+65 on the ccnterline of the emergency spillway. The elevaticon of the
level sccticn which is placed dewnstream from the dam centerline is

386.9.

h.rock was found to cccur in the emergency spillway cut area.
Ne ¥ P = B bonet s e TR R Pl =)

n€sidual soil weathered from phyllite and slate'(Elioak/series) com=
priscs the majority of the cut of the emergency spillway. This soil
has from 2.5 to 5.5 feet of bright ycllew red clayey silt (ML or MH)
overlying up to &4 feet of red yellow silty sand (ML or SM). These
}ay§rs overlie at least 15.0 feet of silty nonplastic micacecus sand
SM).

soenrorm————————ceee——e——————R

An area of high terrace soil (Hiwassee series) is present on the right
side of the cut. This soil has 6.0 feet of yellow red, hard ML and

CL with scattered gravels and GM. This overlies the olive gray,
micaceous, nonplastic SM material weathered from phyllite. 0Cn the
centerline of the emergency spillway this high terrace scil occurs
from station L4+10 to station 7+25 with the majority of the terrace
material present to the right of the EMS centerline.

fFrom the entrance of the emergency spillway to station 3+00 on the
centerline of the emergency spillway low {errace soil (Augusta series)
occurs. This soil has 4.0 to 6.0 feet of clayey silt (MH, HL or CL)
present overlying olive gray, nonplastic, micaceous, silty sand that
has been weathered from phyllite.

Te investigate the ermergency spillway cut on the left sbutment 15 test

pits62nd hand auger holcs were dug. These are numbered TP 250 through
A 2645,

-




Lo alternate emcrgency spillway cut was investigated on the right
soutent. As the Rill ~n the right cbutient ferms @ fairly narrow
ricge at the tep of the cdam,the spillway cut will be shcrter on this
abutment Hoewever, hard. compact syenitc rock occurs here. This rock
has spincs of syenite prescnt. These spines range up to 4.0 feet of
the ground surface or to clevation 299.0. Yet some of the test pits
range up to 15.0 fect in depth or to elcvation 292.0 fect without
cncountering sycnite rock.

Tc investigate a possible emcrgency spillway t en t! ight zbutment
2 ,

cu i
¢ test pits were dug. These are nurbered TP 201 thrcugh TP 208.

)
n
~

ECRRCW AREA

The borrow arca is located upstreaw fror the centerline of the dam in
and arcund the c¢dges of the pernancnt pool area. The borrow area
extends 2,000 feet upstream from the centerline of the cdam. It is

acpreximately 700 feet in width and covers approximately 20 acres Al
cf this land is cleared and st present is used as pasture land.

Tcrrace soils cccur cn the borders of the pcrimancnt pool. Abeve the
right edge of the pernancnt pool tcrrace scil of the Masada serics is
‘esent. This soil has hard. red with red yellew mottles, and gray

ttled clayey silt, claycy sand and gravel that ranges in thickness
yrom 13.6 feet to 5.6 fect. This soi? overlays weatherec mica phyllite
and schist.

Lew terrace soil of the Rcanoke series occurs on the downstrcam part of
the permanent pool area and above permanent pool elevation. This scil
has from 6.5 to 8.0 fect of brown and gray mottled silt clay sand and
gravel (ML, CL, SM and GC) cverlying weathered phyllite.

Terrace soil of the Augusta series occurs in and above the upstream part
of the pcrmanent pool area. This soil has from 3.5 to 5.0 fect of brown.

yellow and gray silt, clay and gravel ML, CL and (C cver weathercd
phyllite, meta-arkose and slate.

Recent alluvium occurs in the central portion of the borrow area. This

is in the floodplain. This alluvium has from 7.0 to 8.0 feet of brown

and gray silt, clay, sand and gravel (ML, CL, SM and GM). The basal
gravel is loose and wet. The soil overlies weathcred phyllite. The water
table present in April 1969 ranges from 4.5 to 7.5 feet in depth.

To investigate the borrow area 20 test pits were dug. These are numbered
TP 101 through TP 130.
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l.—-Jhe centerline cf the dam was peved from the paper centerline.
prescented in the 35's by a surveying error. _This newest centerline will

be the centerline teo be used in final cdecign.  This is bccause the drill
aoles zre located ¢n this lzst line, This final centerline forms the

fcurth ceaterline placed on_ this cne site, _These four centerlines are

listed dn-chronclegical orcer as follawss

&, —.The_plznninz p=rty centerline ) . i 2 i

~—~-b - —The-centerline incerrectly surveved. cn. the planning corty

- ~oofterlane .. . . g I SR SIS e
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c. The paper centerline on the 35's laid in 75 fcet upstream
and parallel to the seccnd centerline - This paper center-
line was enplaced to position the cutoff and core upstream
from the narrow right abutrent,

d. The centerline surveyed in to place the drill hcles on Fhe
third centerline., Unfortunately these last two centerlines
do not coincide,

In the 35's, all test pits are located on the third center-
line. In final design, all test pits and arill hcoles eare
located from the {ourth centerline,

Fcundation material occurring in the drill holes is correiated
to the samples tzken in the test pits. i samples were
shipped for arzlysis from the drill holes.

2, Standard equipment was used in taking the blcw count, the perme-
ability tests, and ths pressure tests.

Ffermeability values w:are taken intc the rock. This was done by sub-
tracting the precedin:z gpm value from the gpm value obtained. This f
gives the actual gpm ~“or the run.

Centerline of the Dam

3 Nine drill holes were emplaced on the centerline of the dam in the
foundation area.

These drill hcles showed soil conditions to approximate those soil
conditions described in the first draft of the centerline of the dam.

On the left side of the stream valley these soil conditions are
alluvial and terrace soil overlying C horizon soil weathered from
phyllite and slate with weathered meta-arkose, phyllite, and slate,

The drill holes show that the westhered meta-arkose, phyllite, and
slate are underlain by syenite at depths of 25 to 34 feet,

« The weathered metamorphic rock could be drilled with a roller bit with
blow counts ranging from 10 to greater than 50 blows per foot.

Syenite occurs on the right side of the flocd plain., Here it is
present at the top of the rock with no metamorphics below the soil
layer.

On the right abutment this syenite is weathered.

e i b et PPV SN



At station 22400 on the dam centerline a fault is present betwecen
the sycnite and the mcta-arkose. This fault contains a running <=nd [
that pushed up into the casing in DH 37. The top of this fault z-ne
was at 15.0 foot depth in DH 37. '

This must be a fairly high 2ngle fault since no fault was cencountered
in DH 37C which is 7.0 feet away from DH 27.

Fractured syenite is present below a depth of 25,1 feet in DH 12 at
staticn 17+5) con the dam centerline. This fractured rcock has w-ter
passing through it. This water below *1.5 feet depth gives a w=zter
gain of 0.X% gpm a2t the casing collar.

The foundation has an average of slightly rermeable. K facters rarge

from near zero to less then 4.0 ft./day. The majerity of K fzcters
present here are below 1.0 {t,/day.

The c¢rill holes placed on the centerline of the dam are nurbered
DH 31 through DH *9.

Centerline of the Pipe

“he centerline of the prcposed pipe crosses the centerline of the cdam

station 20455 on the cdam centerline and station 2+00 cn the pipe
-enterline. As the centerline for final design was moved fror ‘he
35's centerline, the angle between these two lines will be qgiven in
design. This is to insure that the pipe is aligned with the stream
channel.

S~il conditicns on the centerline of the pipe approximate thcose
previously discussed. These show an alluvial scil cver C horizon and
weathered meta-arkose with some amphibolite dikes.

DH 331 at station 1489 on the propcsed pipe centerline shows weathered
phyllite and meta-arkose to extend to a depth of at least 38.0 feet,
At 35.0 feet a high blow count is obtained. This drill hole was the
only drill hole emplaced cn the pipe centerline. It is near the riser
location.

Emergency Spillway
One drill hole, DH 231, was placed in the proposed emergency spillway
cut. This hole showed soil to be present to a depth of 26.5 feet.
A low blow count was obtsined just above this 26.5 foot depth.
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INTERPRETATIONS AND CONCI USIONS

1. The cut-off sheould be c¢xtended te backhee rcfusal on rock in

the flecdplaln below the permanent pool level. On the lcft zbutment

azcve perinanent pool elcevation the cut-off should ke cxtendod at lcast
feet into weathored phyllite and anphibollite. On the richt abut-

t the cut-cfi shculd be extended to the shallew top cr roc!

c

N
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the emplaccment of this cut-off there should not be cxcesclve
pcssing under the feundaticn., No thrust faults zre ccnsidercd to
escnt. Jolnting end miner Triassic normal faulting are, howowve
dered to be present. A llkely place for this normal Trlassic age
ing te ceccur is on the ccntact of the sycnite and the rmcta-arke
phyltitte. This is due to the diffcrcnce in the shear strength cf
hard syenlite (zppreximztely 6 cn the Moh scale) and the relatively
ter meta-arkese and phyllite (appreximately 3 te 5 on the Fch scale).
vs, when tension force is zpplled, normal faulting cccurs at the

cture of the harder and sciter rocks. Also, a suspicious factor fer
wormal faulting here is the f:&t that the edge cf the sycnite underlying
the foundaticn arca ferms a %0% 2ngle. the downstrecam cdge of the contact
of this sycaite and the retarorphics form a 457 angle with the perpen-
cicular to the strike of the Culpeper Triassic basin. As 21l lgncous
plutonic rccks are considered te have a maximum shecar angle (Phi zngle)
of Lk5° even in contact with wezker rocks, this appears to shcw that a

20° normal faulting pattern cccurs on the edge of the sycnite as it

lzays In ccntact with the mcta-arkese and phyllite.
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This irlsssic ege (cor perheps Jurassic age) faulting pattern could be
related to an obvious displacement of the border of the Trlassic basin
to the ezstward approximately three tenths of a mile downstream from
the cdam centcrline,

However, for a flood control dam that has conly an elght foot deep
permancnt pocl, these small normal faults are not considered dangcreus.
Some flocod control dams hsve been emplaced with known normal faults
occurring In the arca with little effect on the water holding capacity
of the cbutirents.

£ oroxiwote exzmple in the Lynchburg formation is Scautlful Run No. S.
Here this worlier pointed cut to the Inspector (Mr. Henry Aylor) a
thrilling cxzrple of a normal fault on the richt abutment of the site
“hat passcd threugh the insidc edge of the encrgency spillway. In fact,
e right cngle normal fault pettcrn in the Beceutiful Run areca of the
(nchburg fcrication Is so prcenounced that Beautiful Run flews in a




€0 i

strcar pattern thet approaches a trellis pattern as opposed te the
f-revailing entrenched dendritic flow to the setincast

The Zeautiful Run sites all heold water, denonstreting the scundncss
of the abutments. Other .irginia sites where nown normal faulits
were cbserved during investigation also have zbutments that hold
'h\'at( i

This considcraticn c¢f normal faulting te an cut-cf-state worker nzy
tndeed sound callous. ilwever, an cxpression teld te this worker by
a8 geclegist in this state should be censidered. hils cxpressicn 1S:
“The wore | werk on » Touncations ia Virginia, the more | 2m con-
vinced there is a ncrna ult running up every strear valley in the

state "

But there are factors preosent |
severe ‘eopardy of Tailure. The
sink hcles, and narrow fractur

~

2. In

€gard to the last danger of narrow frac =3 ts,
right abutment has prescnt fractured sycnite. is cnt
narrcw the water must be stcpced before reaching t fractured
syenite. With this inrind. the centerline of the cam was ~oved
"5 feet upstream from the original centerline. Care should Sc taken
oy the desicner to secure a ¢ood cut-off unstrear from the fractured
sycnite. Also, the core must be maintained vpstream from the rock
vith apprepriate zening between the core and reck.

2 A tce cr scepage drain should be considered. This drain will be
placed upstream from the mzjcrity of the mnphibolite dike.

In the Lynchburg fermation an amphibolite dike tends to form a2 solid
wall beneath a structure. This is because fracturing forces tend to
battecr up the scfter rhyllite and slate and not to fracture the
amphibolite. Thus to scmve extent the arphibolite dike acts as a
buttress to prevent water from passing cut from under the downstream
tce of the dam.

L. Two proposed pipe centerlines are presentcd. Fach centerline is
acceptable for placement of the pipe. Each has its slight merits and
disadvantagces

Pipe centerline A prcsents a shorter cutfall channel and the better

alignrent with Call's Run. It will be easier to move the concrete

for the cradle tc this centerline. This centerline forms a 787 and
20' 2ngle with the dam centerline.
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Pire centerline B forms a 90° angle with the dom centerline. It vill
have a longer outfall channel. 1t will alsc be slightly harder to
reve the concrete trucks to this arca. fut generally, location T is
considered to be the better due to the 90° angle with the dam center-
line.

With the invert held at elevation 361.5, both centerlines prescnt no
rock removal problems.

Removal of all alluvium (ML, CL, SM and CM) down te the wcathered reock
sheuld be considered in both centerlines. Cormpaction of a t t
cusaion of CL or ML matcrial w uld form a sclid base for the o e
zbeve the weathcered rock.

E. The 2lluvial and terrace materials prescnt in the foundation are
cecnsidered to have sufficient strength to bear the weight of to 22.4

6 The left abutment was chesen as the proposed location of the
emergency spillway cut.  In the soil weathered from phyllite hcre no
reck was fTeund with either the backhoe or the hand atger. Even if
weathered phyllite or slate rock azre found to occur in the cut, both

" these rocks have proven to be rippsble. The clay B horizons of

.€ Elicak, Hiwassce and Augustz series are suggested to be placed in
the ccre in the scil correlaticn chart. The micacecus sandy nonplastic

C horizon of the Elicak series which underlies all areas of the cut
ranges up to a depth of 20.0 feet in the proposed cut. This sihculd
give a slightly greater proportion of ncnplastic shell material (cver
2/3 of the total cut matcrial) than needed in the structure. This can
be adjusted by using the plastic CL and ML material of the borrow area
for core. from preliminary estirates scme of this SM from the
emcrgency spillway cut will have to be wasted as it will make surplus
shell raterial for the embankment.

If attention is given to the placement of the emergency spillway in the
right abutment. it is considered that much of the syenite removed here
will have to be classed as rock removal. The syenite spines cccurring
here are hard to impossible to rip. Also, since this granite-like rock

cccurs in spines. some spines can be present that were not found with
the backhoe.

It is estimated that at least 2,200 yards of rock will have to be
reccved from the cmergency spillway out on this abutment.

The placerent of the cmergency spillway in the right abutment will mcan

a shorter spillway since the right abutment is fairly narrow. Also,

the € horizon (DS 203-1) of residual soil weathered frem sycnite should
* more plastic than the B horizon (DS 250-1 and DS 2%-~1) of soil
athered fron (b‘t\\\\\\\e_, -
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7. Sufficient borrcw is considered to be available to construct the
catanknent., It is suggested that 211 of the e¢dgcs of the perranent
prol be cut down at least 2.5 fcet cn a 2 to 1 slope  (f this is
nct doene there will be swamping cenditions around the edges of the
perranent pool. The CL and ML material taken in this remcval can be

vsed as core rmaterial in the enbankrent.

In the isopach map the bogging down of hcavy pans will occur before
the water table is reached. Thus, ‘the recoverzble borrow from the
alluvial soil will be less than shown on the iscpach map.

The highly plastic CL matcrial of the Rcanoke series will be hard to
remeve with & pan. TJhis plastic soil material tends to stick to the
floor and gates of the pan. OCften many contractors have been unzhble
toc rove this scil from the borrow area to the erbankment.

fiowever, the time of ycar will determine the workability of this
piastic materizl of the Rosnoke series. In a wet winter and spring
this clay will be sticky and hard to handle. In the dry sureer and
autumn this clay will orove to be hard and tight. Local resicents
czll this clay a "half-past" <oil. for in the morning at hell past
cicht it is tco sticky to plew and at helf past nine in the rorning
‘t is too hard and dry to plow.

Cutting into the abutments near the dam on the right side of the
flocdplain should yield a deep high terrace soil (Mzsada scries) that
should not be cxcessively plastic,

‘ - - - - -
Suggested placement of the borrow materials is given in the soil
correlation chart.
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1. Depth of cutoff should be extended into the weathered phyliite

and neta-arkcse on the left side of the stream valley. This should te
to @ dzpth with a3 blow count of zpproximately 40 blews/foot., This will
mesn 2 cutoff trench of approx’nately 15,0 feet in Jdepth on the left
side of the stream vallcy.

Cn the right ebutment the cutoff could be carried to a depth of 15.0
feet, Below this depth there is a blow count greater than 70 bleows/
foot,

2, Permeability and pressure tests in the drill holes on the center-

line of the dam showed K factors to be low.

However, several places sre present in the foundation that cculd be
‘bject to passing water through the foundstion,

~nong these is the normai fault cccurring in DH %7 at station 21104
on the cam <enterline, This fault appears tc have a running sand

present. |t does not appear to be excessively permeable ¢ S

Also to be considered Is the frzctured meta-arkose and syenite in
DH 39 at station 17+51 on the dam centerline. Below a depth of 21,5
feet thls rock passes a small amount of water, Pressure is sufficient

to force the water out of the casing. The rock was tocc fractured to
pressure test.

Although fairly deeply weathered, the right asbutment shows slight to ,
slightly mcderate water loss. B D e EAT

3. With the invert of the pipe held at elevation 361.5;}herekél1l'bai

no rock remeval problem on the proposed pipe,

The riser will be placed cn soft 10 blow/foot CL material with

weathered phyllite and reta-arkeose below, This weathered material is
soft with a range of frcm 10 to L0 blows/foot. Support for the hcavy
riser structure in this weathered rock is to be considered

L d
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L. The low blow counts cbtained near the ground surface should be
consicdered as to the settling of the embankment,

5. A drill hole (DH 231) was taken to below grade in the proposed
emeérgency spillway cut. A low blow count at the bottom of this
hole shows the weathered phyllite and slate present is soft,
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APPENDIX V - STABILITY ANALYSIS SUMMARY

1. Referring to Appendix VI, the conditions used for stability
analysis and the results by the Swedish circle method were as follows:

Width of crest: 12.4 feet

Elevation of crest: EIl. 395.9 ft.

Downstream slope: 1 vert. on 2% horiz.

Upstream slope: 1 vert. on 2% horiz.

Embankment base elevation: El. 359.5 ft.

Elevation of emergency spillway crest: El. 386.9 ft.
Seepage drain at c/b = 0.5

Soil data:

Dry unit wet unit sat. unit sub. unit

wt. wt. wt. wt. 9 c

Material Classification pcf pcf _pef pcf degree  psf
Embankment ML 95.7 114.0 124.0 61.5 30.0 800
Foundation - = - ~ - - -

Loading condition: Pool level at emergency spillway crest.

Factor of safety of trial failure surface:

Upstream slope under full drawdown = 2.57
Downstream slope under steady seepage = 3.12.

2. Referring to Appendix VI, the conditions used for stability analysis and
the results by the sliding block method were as follows:

Width of crest: 14 feet

Elevation of crest: El. 395.9 ft.

Downstream slope: 1 vert. on 2% horiz. to toe at El. 363

Upstream slope: 1 vert. on 2% horiz. to El. 374.0

1 vert. on 10 horiz. to El. 373.0
1 vert. on 3 horiz. to El. 363.0

Foundation base elevation: El. 359 ft.

Elevation of emergency spillway crest: El. 386.9 ft.

Seepage drain at c/b = 0.6

Soil data:

Dry unit wet unit sat. unit sub. unit
wt. wt. wt. wt . ? (o
Material Classification pcf pcf _pcf pcf degree psf
Embankment ML 95.7 114.0 124.0 61.5 30.0 800
Foundation ML 79.9 - 113.0 50.5 21.0 300
V=1




Loading condition: Pool level at emergency spillway crest.
Factor of safety of trial failure surface:

Upstream slope under full drawdown = 2.25

Downstream slope under steady seepage = 2.27.

V-2




APPENDIX VI - DESIGN REPORT
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A. Clessification. In tke floodplain, b to 11 feet of elluviel CL,
~

iL, 5C, 5P-SM, eand GP-CM naterials blanket wmetes-arkose and
axphipolite bedrock. The meta-arkose bedrock is :r:?=red in
N ke

the surface two féet of the floodplain.

In the lef't sbutment, L +o 8 feet o
frea 4 to 6 feet of weathere 9

In *ne szcep right ebutment, 3 to 5 feet of silty residuzl soii
blenxets severel feet of weathered syenite bedrock. A: ithe toe
of the sloge, 3 to 6 feet of talus boulders and cobbles and

silvy sand have accumulated.

g The "gallon" can undisturbed semples, which were
2ren in February, were received at the lsb in “uy. The paraffin
used Lo seal scme of the cans was cracked snd the sanples were
dried cut. Shrinkage caused by drying appecrs to heve caused a
Censity increase in the moderately plasiic CL maiericls.

ities was obtained from the urdisiurbe
laaorauory. The dry densities ¢? th

a
sgmples submitted
2 0 gif/cc for the MH sample, 7071820 (11.1)

alluviuz ranged

o’rum
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e, [OW1623 (203.1), to 11k.0 pcf fe:
169.1). Optimmzm molsture contents
% respectively.

& Wl
a va\d
gl stress shesr paran

~ 7z .
The proposed 36-Toot n:g

Swedish c-rcle method of

cver Tour feei of foundst 18

Shear para“euers of ¢ = 3 ere e exba

and ¢ = 21° and ¢ = 300 psf were used in the foundation. A szfecy
Tactor of 2.25 was obteired for a full drawdown enslysis of the 2 1/2:1
cver 3:1 upstream slope with a 10-foot berm at elevation 373.0. Th
downstream 2 1/2:1 slope with a drain at ¢/t = 0.6 yielded a safety

factor of 2.27.

SETTLEMINT ANALYSIS

a
differentisl sevtlcubuu without cracking.
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sional corsolidation tecic were nade
3 somple, TOW1812 (305.2) ant
L sazaple, TCOW1818 (326.1).
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Tae test specimens were lozded at their
ccntent (which was quite éry) to L0oO
under the 4000 psf loading. The low der &
izmmediate consolidetion of 4% when caiturzied under a LCCO psi
Total consoli o
f Joad of & 3
1y plastic
oximately 14

ory C*'si:y of the triaxisl shear test spscimens of the ML
szzple, TOW1812 (305. 2) varied from *.25 gm/cc oS 5r/cc.
The t&s: spacimens were scarxed for seven days to saturate

ard were T8 to 80% of theoretical saturation when zested. The
sheer test data wes interpreted to yield total siress values
of ¢§ = 21° ard ¢ = 300 ps<.

Dry density of the CL test specimens of sample 7Cw1818 (326.1)
varied from 1.58 gm/cc to 1.6% gm/cc. The test specimens were
sozked for seven cdays vo saturate and were 92 to 100% of thecre-
ticel saturation when tested. The shear test deia was interpreted
to give total stress shear parazmeters of ¢ 20.5° zrd ¢ = 1250

L 3]
(4]
M

Trhe 2 x 2-inch SP-SM direct shear test specimens were flcoded at
the stert of loading. Dry densities varied frcm 1.49 gm/cc to
1.62 gm/cc. The direct shear test data was interpreted to

give shear parameters of @ = 34.5° and ¢ = 1000 psf.
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icssification. .The borrow materials will consist of mostly
silty send, like the non-plastic ML sample, Towi823 (25 57.1) from

tre emergency spillway, ernd moderatcly pTa tic silty terrace
110.1) from the borrow area.

oils, like the ML sample, TOW1S8 33 (
mell emounts of SC, S, and CL materials will glso be available.
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Ef tne flcodplain fovndation alluviwn is @ry, the foundati
should eitner be pre-wet before construction starts or the
low demsicy siliy wmeteriel shoulc te removed.

SD—

A fourdsiion trench drzin at ¢/b = 0.6 is reccurenicd
to cutlet possible Seepage that bypasses the centerline c,vvff
thrcugh the bedrock, and +to control the phreztic 1line in the
moanrment. A two-layer dFilter 1is suggested to drain the wide
rarze of foundation materials. AS™Y. fing conerete aggregzte
around ASTY . road zggregate #78 will be sufficient. See
tre attached Form SCS-130 for gradation of materials.
Brincipal Snillwav. ipe elongation calculations based cn 35
Teet of embunkment (B = 20L') over six feet of compressible
foundation with a ;ﬁ consolidation potential show a horizontzl
strein of approximately 0.002 f*/; A minimum of underculiing 5
Lo esiablish grade is suggested to avoid.’ logztud=nal‘ streins a
along the principal spillwey trench., The alluviuwn on each side
of the principal spillway will control the spreading in the base

£ the embenlment.

Backfill with moderately plastic fine-grained materisls placed
on the wet side of optimum and ccmpact to 95% of standard density.
Frtanizent Desimm. The following are recommended:
1. Selectively pluce the plzstic CL and ML borrow materials in the
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2. ESelectively t_zce the micacecus non-pisstic ML ena o
materials in ihe ocuter shells.

ct

3. Compact embar 0 & minimum density of 95% of standzrd

L. Provide 2 1/2:1 cver 3:1 upstiream slopes and 2 1/2:1

5, Provide an overfill of 0.6 foot across the flcodplain to
i i fourndation &nd embaniouent

ce:
Louis S. Button, Jr. (orig. + 5)
Neil F. Bogner, Head, E&WPU, Upper Derby, Pa. (2)
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APPENDIX VII - REFERENCES

1. Recommended Guidelines for Safety Inspection of Dams, Dept. of
Army, Office of the Chief of Engineers.

2. Design of Small Dams, U. S. Department of Interior, Bureau of

Reclamation.




