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\\20. Abstract

Pursuant to Public Law 92-367, Phase I Inspection Reports are prepared
under guidance contained in the recommended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers,
Washington, D. C. 20314. The purpose of a Phase I investigation is to
identify expeditiously those dams which may pose hazards to human life or
property. The assessment of the general conditions of the dam is based
upon available data and visual inspections. Detailed investigation and
analyses involving topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are beyond the scope of a
Phase 1 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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This report is presared umder guidance contzinad in the Re-
merded Guidelines far Safety Inspection of Dans, for Phase I

Investigations. Copies of these quidelines ray be obtained fram
the Office of Chief of Engineers, Washirgton, D. C., 20314. The
parpose of a Phase 1 Irnvestication is to identify expeditiously
those dams which may pose hazards to hurman life or property. The
assesznent of the general comdition of the dam is based upon available
data and visual inspections. Detailed investigation, and analyses
involving topographic mapping, subsurface investigations, testing, and
detailed camputational evaluations are beyond the scope of a Phase I
Investigation; however, the investigation is interded to identify
any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field
corditions at the time of inspection along with data available
to the inspection team. In cases where the reservoir was lowered
or drained prior to inspection, such action, while improving the
stability ard safety of the dam, removes the normmal load on the
structure ard may obscure certain conditions which might otherwise
be detectable if inspected under the normal operating envirorment
of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal amd external corditions,
amd is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will continue to represent the
cordition of the dam at same point in the future. Only through
frequent inspections can unsafe conditions be detected and only
through contimied care and maintenance can these conxditions be
prevented or corrected.

Phase I inspections are not intended to mrovide detailed
hydrologic and hydraulic analyses. In accordance with the estzblish-
ed Guidelines, the Spillway Test flood is based on the estimated
"Probable Maximum Flood" for the region (greatest reasonably pessible
storm runoff), or fractions thereof. Because of the magnitude amd
rarity of such a stomm event, a firding that a spillway will not
pass the test flood should not be interpreted as necessarily posing
a highly inadegquate comdition. The test flood provides a measure
of relative spillway capacity and serves as an aide in determining
the need for more detailed hyvdrologic amd hydraulic studies, con-
sidering the size of the dam, its general cordition ard the down-~
stream damage potential.
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

BRIEF ASSEESMENT OF DAM

Name of Dam: Potomac Creek No. 1

State: Virginia

Location: Stafford County

USGS Quad Sheet: Stafford

Coordinates: Lat 38° 23.4° long 77° 28.8°
Stream: Potaomac Creek

Date of Inspection; 1 May 1980

Potamac Creek Dam No. 1 is a zoned earthfill structure

about 260 ft long and 94 ft high. The principal spillway
consists of a rectangular concrete riser and an outlet
pipe which extends through the structure. Earth emergency
spillways are located at the right abutment with a 400 ft
wide bottom and 2E:1V side slopes, and at the left abutment with a
200 ft wide bottam and 2H:1V side slopes. The structure is classified
intermediate in size and is assigned a significant hazard classification.
The dam is located on Potomac Creek approximately seven miles north
of Fredericksburg, Virginia. The lake is used for flood control and
water supply to Stafford County, is owned by Stafford County and
maintained by the Stafford County Sanitation District.

Based on criteria established by the Department of the Army,
Office of the Chief of Engineers (OCE), the appropriate Spillway
D2sign Flood (SDF) is the 1/2 PMF. The spillways will pass 80 percent

of the Probable Maximum Flood (PMF) or 160 percent of the SDF without

overtopping the dam. The spillways are adequate.

:
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The visual inspaction revealed no apneor
irnspection was performed at a time when the lake was GrawT awm
approximately 25 ft below the noimal pool lcovel.

There was not sufficient data available to evaluiste the
ambarkment stability. The reported minimum factor of safety of 1.3
for the downstream slope for ths steady
than the 1.5 required by U. S. Army, Corps of Engincers' guidelines.
Therefore it is recomendad that the ownar enzage the services of

qualified Professional Enginecrs with axpertise in Geotechnical

Engineering to perform the necessary subsuriace investigation and

stability analysis to evaluate the stability of the dam. This work should
camence within one year of the date of this report.

There is no routine mainterance operation program and no warning
system. It is recamended that a warning system be established and the
maintenance items listed in Section 7.3 be accomplished as part of the

regular maintenance proaram within the next 12 months.
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1 may 1980
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SECTION I - PROJECT INFORMATION

1.1 Ganeral:

1.1.1 Authority: Public Law 92-367, 8 August 1972, authorized
the Secretary of the Army, through the Corps of Engineers, to initiate
a national program of safety inspection of dams throughout the United
States. The Norfolk District has been assigned the responsibility of
supervising the irspection of dams in the Cormonwealth of Virginia.

1.1.2 Pwpose of Inspection: The purpose is to concduct a

Phase I inspection according to the Recomended Guidelines for Safety

Inspection of Dams (see Reference 1, Appendix VI). The main respons-

ibility is to expaditiously identify those dams which may be a poten-
tial hazard to human life or property.

1.2 Project Description:

1.2.1 pam and Appurtenances: Potomac Creek No. 1 is a zoned

earthfill structure approximately 960 ft iong and 94 ft hich.* The
crest of the dam is 26 ft wide, and side slopes are approximately 3
horizontal to 1 vertical (3:1) on the upstream and downstream slopes
of the dam. A 10 ft wide berm is shown on "as built" drawings between
elevations 137.5 and 136.5 msl along the upstream slope. The crest of
the dam is at elevation 167.1 msl.

The dam is keyed into the foundation and there is an internal
drainage system. with drain outlets. Existing vegetation on the em-

bankment slopes and riprap along the upstream slope at normal pool

level provide slope protection.

*Height is measured from the top of the dam to the downstream toe at
the centerline of the stream.
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The principal spillway consists of a 15 ft x 5 £t reinforced
concrete riser inlet. The riser is connected to a 60 inch diameter
reinforced concrete outlet pipe which rurns through the cam. The riser
b _ crost is at elevation 139.2 msl. A 30 inch diameter sluice gate in

the riser at an invert elevation of 75.3 msl is used to drain the lake.

: Te oatlet pipe has a length of 576 ft with an invert elevation at

R e R e I

the outlet structure of 74.03 msl. There are three 10 inch diameter

inlets on the riser structure at elevations 134.0, 113.3 and 98.3 msl,

respaectively, which are used for low water flow control. (See :

Plates No. 3 and 8, Appendix I).

The emergency spillways consist of two open channel earthen

g T s

spillways located on the right and left abutments, each having a crest
elevation of 159.4 msl. The right spillway is 400 ft wide, has 2H:1V

side slopes, and is in a cut section. The left spillway has a bottom

oy e pE bR

width of 200 ft, 2H:1V side slopes, and is also located in a cut ¢

section  (See Plates No. 5 and 7, Appendix I).
1.2.2 Iocation: Potomac Creek Dam No. 1 is located on Potomac

Creck approximately seven miles north of Fredericksburg, Virginia

.
© e epaerrAs Aepe o= ®

(See Plate No. 1, Appendix I).

1.2.3 Size Classification: The dam is classified as an "inter-

mediate” size structure based on its height and maxium lake storage potential. =

1.2.4 Hazard Classification: The dam is located in a rural

area, however, based upon the proximity of several inhabited structures

Furi

T

(motel and commercial facility) located several miles downstream, the

dam is assigned a "significant" hazard classification. The hazard
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only and has nothing to do with its stability or probability of failure. ‘
1.2.5 Ownership: The dam is cwned by Stafford County and maintalined

by the Stafford County Sanitation District. .
1.2.6 Purpose: Flood control and water supply for Stafford ‘

County.

1.2.7 Design and Construction History: The dam was designed

and constructed under the supervision of the United States Department
of Agriculture (USDR), Soil Conservation Service (SCS). Design was

completed for the SCS by Martin, Clifford and 2Zssociates of Stafford,

Virginia. The structure was constructed by Bailey and Associates and
corpleted in 1970.

1.2.8 Normal Operational Procedures: The principal spillway is

ungated, therefore, water rising above the crest of the riser inlet

is automatically discharged downstream. Normal pool is maintained

at elevation 139.7 msl at the crest of the riser. Floodé discharges

which cannot be absorbed by storage and the riser, flow through the
emergercy spillway at pool elevations above 159.4 msl. The 10 inch
diameter iniets at elevations below normal pool are ranually oper.ated,

and maintain a flow through the dam at low flow or reduced pool elevation

oconditions.

1.3 Pertinent Data:

1.3.1 Drainage Area: The drairage area is 30.5 square miles.

1.3.2 Discharge at Dam Site: According to Mr. Don Farmer (SCS)

the maximum known flood at the dam site occurred in June 1972 when an

estimated pool elevation of 161 msl was observed. This corresponds to

an approximate discharge of 3152 CFs.
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Principal Spillway Discharce:

Pool Elevation at Crest of Lam (elev 167.1) 778.4 CrS

f Emergency Spillway Discharge:

Pool Elevation at Crest of Dam (elev 167.1) 35,200 CFS
[
1.3.3 Dam and Reservior Data: See Table 1.1, below:
b Table 1.1 DAM AND RTSERVOIR DATA
R2servoir
Storage
:3‘ - Elevation Voluane
! feet Area Acre Watorshad Ienxcth
Ttem msl Acres  Feet Inches Miles
Crest of Dam 167.1 383 11,400 7.01 3.4
Energency Spillway
Crest 159.4 312 8,800 5.41 3.1
Principal Spillway
Crest 139.2 185 4,000 2.46 2.5
Streanbed at Down-
stream Toe of Dam 73 - - - -

[ TN CROIEN
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SECTION 2 - ENGINEERING DATA

2.1 Desian: The dam was designed and constructed under the
———— -

o M

direction of the USDA, Soil Cornservation Service and was sponsored

by Stafford County, Virginia. "As built" drawings and design data

are available in the office of the State Conservationist, U.S. Soil ;

Conservation Service, Federal Building, Room 9201, 5th and Marshall

P < 1ar . S TSR S TR R <

Streets, Richrond, Virginia 23240.

-

A subsurface investigation was conducted at the site by Wood-
ward-Clyde-Sherard and Associates during the initial design stages.
The investigation consisted of drilling 13 test borings and excavating

15 test pits in the preliminary study and drilling 43 test borings

in the final study. Subsurface profiles and a report of the investi-

gation with foundation recarmendations were prepared based upon ceo-

logic field reconnaissance, test boring and test pit data, field

permeability tests and laboratory testing. The Foundation Investi-

P

gation Report and supplemented laboratory test data are available

at the above referenced SCS office. Test boring and test pit locations

are shown on Plate No. 2 of Appendix I. Subsurface profiles are
shown on Plates No. 5 and 7 of Appendix I.

The dam is a zoned, compacted earthfill embankment. The earth

.
ez

fill requirements shown on Plate No. 3, Appendix I, specify that
clayey silts or silts (ML), silty clays (CL) and clays (CH) be used
in Zone 1 of the dam. Soil classification is by the Unified Soil
Classification System, ASTM D-2487. Zone II of the dam consists of

decamposed gneiss material, which probably classifies as silts (ML),

silty sands (SM), gravelly sands and sandy gravels (GM).
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A review of design drawings indicates the dam is founded on over-
burden and includes a cutoff trench which extends into "firm un- : !
weathered rock" (See Plate No. 5, Appendix I). Pressure test cata

: developed in Boring B-1 and B-3 show the overburden materials are

S RXBN

susceptible to water loss under pressure. However, water loss was

g S
R

A ) negligible below elevation 120% to 115% in the urweathered bedrock.

Ly "

. The foundation report indicated that the decomposed gneiss underlying
E : the site would be subject to piping, ravelling and ercsion in its
natural state and possibly in a compacted state.

To control the phreatic water surface and to collect seepages,
an internal drainage system was constructed along the downstream por-
tion of the dam. This drainage system consists of a 5 ft thick
i chimney drain having a maximum elevation of 140 msl. The chimey
! drain was designed assuming a compacted permeability of the upstream

embankment material of k = 1 x 10-Scn/sec. Water collected in the

chirmey drain enters a perforated corrugated metal pipe which runs
along its base. Water exits through two 10 inch pipes at the plunge
pool. A "drain fill" or drainage blanket surroundsthe outlet pipes.
A rock fill was also constructed at the downstream toe. "As built"
drawings of this drainage system are presented on Plates No. 3 and
* 6 of Appendix I. a

The principal spillway was designed as a drop inlet structure

St e anl et B M AR Taka ST NP T

consisting of a reinforced concrete riser, a transition section at
the base of the riser, a 60 inch conduit and a stilling basin or

plunge pool at the outlet end of the conduit. Three water supply

-10-




gates were provided at various elevations in the riser for relicease
of water for municipal usage. Twelve rei:.forced concrete anti-seep
oollars spaced at 24 ft intervals were installed around the princi-
pal spillway pipe, upstream of the chimmey drain in order to control
any potential piping problems along the pipe. Details of the princi-
pal spillway and riser are presented on Plates No. 3 and 8 of Appen-
dix I.

The emergency spillways were designed as trapezoidal channels
cut into various areas of clay, decamposed gneiss and urweathered
rock. The spillways are basically in cut material, however, specifi-
cations required that areas where the bottom of the spillway was not
in rock, be undercut 1 ft and be replaced by fill campacted to 95%
of maximum dry density, per ASTM D-698. The spillways are separated
from the dam by natural hillsides.

The design report summary (Appendix IV) dated January 1968
indicates the stability analysis was performed using a shear strength
parameter @ = 26° for the decamposed gneiss section of the dam which
camprises the downstream slope. The design report summary does not
indicate the type of stability analysis performed but indicates the
embankment section was "derived by an approximate stability analysis

. . « significantly influenced by experience and judgement."

2.2 Construction: The construction records were not furnished

by the SCS office Richmond, but they are available fram the SCS office

in wWashington, D.C.




o te wln mR DA

ey

s L TR P

M PR WS I

of the dam, There is sufficient information to evaluate
conditiors, however, there is insufficient data available

the embankment stability.

2.3 Bvaluation: The "as built" drawings are represcntative

foundation

to evaluate
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SECTION 3 - VISUAL INSPECTION ﬂ :

e

3.1 Findings: At the time of inspection, the dam was in good ' v

L condition. Field observations are outlined in Appendix III.

—te

3.1.1 General: An inspection was made on 1 May 1980. The

weather was cloudy with intermittent rain and the temperature was

TR ar AN AT, § L YR

about 55° F. The pool and tailwater levels at the time of inspection

were 114 and 74 msl, respectively. This corresponés to a below normal

pool elevation due to construction requirements and an above norral
tailwater elevation due to recentrains. Normal pool is at

elevation 139.7 msl, however, the lake level had been drawn down '

car e

for aprroximately 6 months to facilitate construction at the aciacent

water treatment plant. Ground conditiors wire wet at the time of

oot o

inspection. Previous inspections were made by the Soil Conservation
Service as part of their annual inspection and reports of the inspections
are included in Appendix V.

3.1.2 Dam and Spillway: No vegetation exists on that portion of

the upstream slope which was exposed as a result of the lowered lake

level. Otherwise the embankment slopes, crest and most of the emergency

“ . spillways were grassed (1 to 3 ft high) and included occasional brush.
No seepage was observed. A rather thin (2 ft* wide) continuous, wet or
marshy zone was encountered across the downstream slope, approximately rjl

36 ft above the top of the principal spillway outlet pipe. This zone

AR BANST B R e L B s

extended 50 ftt right and 100 ftt left of the vehicle tracks. (See

Sheet 1, Appendix I1I). y

il
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Ercsion or rutting related to four-wheel drive vehicle traffic
exists on the downstream face of the dam (see Photo No. 1, Zppandiyx I11),
along the crest of the dam, and acrcss the left emergency spillway.

The emergency spillway at the right abutment was eroded along an unpaved
access road (Photo No. 3, Appendix II). This area incurred major
erosion at the lower end fram the 1972 flood (Photo No. 8, Appendix I1I),
and was partially filled with construction debris fram the adjacent
water treatment plant. Since lowering of the lake level, considerable
ercsion has deveioped along the upstream slope near the left upstream
abutment area as a result of surface runoff along a formerly sulmerged
stream channel (Photo No. 7, Appendix I1I). Scattered shallow aullies
approximately 1 ft wide and 1 ft deep also occur along the downstream
slope and above the riprap present along the lower reaches of the left
and right abutment - dam contacts.

Fresh granite gneiss was expcsed in the left abutment area about
30 £t above the plunce pool. A strike of 390 northeast and dips of
25° to 459 southeast were measured on the foliation or“slaty cleavage"
exposed in the rock. Jointing was also noted in the rock. Residual
soils (decomposed granite gneiss) are also exposed in the lower portion
of the right emergency spillway channel. Foliation strikes of 45°
northeast and dips ranging fraom 90° to 75° southeast were measured.

No faults were encountered during the inspection.

T™wo 10 inch CMP drains were observed, one on each side of the
5 ft outlet pipe. Clcar water was flowing at approximately 1 gpm
fram each drain, however, the right drain was partially clogged at

its outlet.
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The riser structure and outlet pipe showed no signs of deterioration
and were functioning properly at the time of inspection. The slide cates
were reportedly in good operating condition except that the upper
10-inch diameter gate was missing. The plunge pool riprap was intact
indicating no signs of movement or erosion, Riprap present on the
upstream slope and along the lower reaches of the downstream slope =~
abutment contacts also appeared to be functioning properly and in good
condition. The 10 ft wide berm shown on the “as built" drawings directly
below theriprap on the upstream slope was not encountered.

3.1.3 Reservoir Area: The reservoir area was free of debris and

the perime-er was wooded. The reservoir is located in a valley with
side slopes at approximately 3H:1V. No sediment buildup was observed.

3.1.4 Downstream Area: The downstream channel consists of a 35 ft

wide channel located in a valley with side slopes of 3H:1V. This valley
is heavily wooded. Approximately two miles downstream where Potomac Creek
crosses U. S. Route 1, there is a motel and commercial facility about

10 ft and 12 ft above the streambed, respectively.

3.1.5 Instrumentation: No instrumentation (monuments, observation

wells, piezameters, etc.) was encountered for the structure. There is
no staff gage.
3.2 Evaluation

3.2.1 Dam and Spillways: Overall the dam was in cood condition

at the time of inspection, however, same minor remedial measures are
necessary. As indicated in previous inspection reports by Soil Con-

servation Service personnel, the need still exists for correcting the

o e ——— re -
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surface erosion caused by vehicular traffic on the dam and emercency
spillways. The vegetative cover still requires attention. 21so noted
was the missing 10 inch water control gate.

Vehicular traffic on the dam tends to damage the emnbankment siopes

T R W SENCAI Ry 0 E DI R !

. and make these areas nore susceptible to surface erosion. This in turn

Py

increases the potential for slope failure. In order to insure the
integrity of the dam, future vehicular traffic should be prevented and
existing eroded areas backfilled with carpacted soil and
reseeded. Any areas to remain as access rovads should be surfaced
to prevent erosion. The shallow ercsional features described on the
downstream slope and along the abutment contacts should be
reseeded. The eroded area observed along the upstream slope near the
left abutment (Photo No. 7, Appendix II), should be backfilled with
compacted soil prior to raising the lake to normal pool level. Con-
struction debris present in the right emergency spillway should be
rawved and the severly eroded lower section should be repaired in
attempt to prevent further erosion.

Uncontrolled growth encourages the development of deep rooted
vegetation. This type of growth can encourage piping within the =

arbankment and undermine riprap protection. Also, excessive growth

P SL I I O

inhibits effective visual inspections of the dam. The embankment, in-
cluding its crest, slopes and emergency spillways should be mowed at
least once a yecar, but nore preferably twice a year. No trees were

observed on the arbankment. If small trees should appear, they should

be cut to the ground.




The continuous, wet or marshy area observed along the downsiream

slope is not believed to represent seepage through the dam because an

internal drainage system exists for this structuwre and particularly

since the lake level was 25 ft¥ below normal pool level at the time

IR T S R e

of inspection. It is likely this area is the result of accumlated

L. ¢ surface runoff. It is recammended that this area be observed in future

SCS inspections and during normal maintenance operations to verify

b that this zone does not represent seepage through the dam.

‘ The outlet pipe and intake structure are in good structural con-
dition. The operating appurtenances are functionally good and the
missing 10 inch slide cate should be replaced. Although the 10 ft
wide berm was not noticeable at the upstream slope,it has probably been

covered with riprap. 2 staff gage should be installed to monitor

i

water levels.

4 3.2.2 Downstream Area: A breach in the Potorac Creek No. 1 Dam

during extreme flooding would create a hazard to the downstream dwelling

along U. S. Route 1.

-17-
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures: The normal storace pool is elevation 139.7
0.5 ft above the crest of the conrete principal spillway inlet. The
lake provides water supply, flood control storage and offers minimal
recreation. Water passes automatically through the principal spillway
as the water level in the reservoir rises above the principal spillway
crest. Water will also pass automatically through the emergency spillway
when the water level in the reservoir reaches elevation 159.4. A 30
inch slide gate valve at the low point in the riser structure and three
10 inch slide gate valves are provided to drawdown the reservoir from
normal pool. A new raw water intake structure is under construction on
the right side of the reservoir approximately 1000 ft upstream from the
dam. The raw water intake willdrawoff water from the reservoir at a
rate required by the water treatment plant.

4.2 Maintenance of Dam and Apvurtenances: Maintenance is the

responsibility of the owner. Maintenance consists of inspection,
debris removal, mowing of vegetative cover, and repair. Maintenance
is not routinely performed.

4.3 Warning System: At the present time there is no warning

system or evacuation plan for the dam.
4.4 Evaluation: The dam and appurtenances are in good operating
condition; however, maintenance of the dam appeared to be inadequate.

A routine maintenance program should be developed for this structure.

e
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An emergency operation and warning plan should be developad. It is
recamended that a formal erercency procedure he prepared and fuwrrishad
to all operating persomnel. This should include:

a. How to operate the dam during an emergency.

b. Who to notify, including pablic officials, in case

evacuation from the downstream area is necessary.




SECTION 5 ~ MYDRZULICS/EYDROLOGIC LITAE

5.1 Design: Potomac Creck Dam No. 1 was desicned by the

Soil Conservation Service (SCS) as a multi-purpose dam anC corplete

hydrologic and hydraulic data are available, including stage—discharge,
stage-storage, stages-arca, inflow hydrograph and Ziood routing CGata.

This structure is a Class "C" dam according to the SCS classification

method.
5.2 Hyvarclogic kecords: There are no recorcés available.

5.3 Flood Experience: According to Mr. Don Farmer (USDA, SCS), an

estimated maximum pool elevation of 161 msl occurred in June 1972 during
Hurricane Agnes. This correspords tca peak flowof approximately 3152 CFS.

5.4 Flood Potentials: In accordance with the established guide-

lines, the spillway design flood is based on the estimated "Probable
Maximum Fiood" for the region (fiood discharges that may be expected
from the rost severe combination of critical meteorologic and hydro-
logic conditions that are reasonably possible in the region), or frac-
tions thereof. The Probable Maxirmm Flood (FMF) and % PMF hydrographs
were developed by the SCS method (Reference 4, rpoendix VI).  Precipi-
tation amounts for the flood hydrograph of the PMWF were

taken from U.S. Weather Bureau Information (Reference 5, Appendix VI).
Appropriate adjustments for basin size and shape were accounted for.
These hydrographs were routed through the reservoir to determine maxi-
mam pool elevations.

5.5 Reservoir Regulations: For routing purposes, the pool at

the beginning of flood was assumed to be at elevation 140 msl. Reser-

voir stage-storzge dzta and stage-discharge data wore dzterminad from
the design report and verified for pool elevations up to 161.7 msl.
Above pool elevation 161.7 msl stage-storage data was extrapolated
from the existing curves and stage-discharge data was camputed

for the non-overflow section along with extrapolation of stage-

discharge curves. Floods were routed through the reservoir
-20-
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‘ E using the princizal spillway discharge up 1O a ;001 SiCragd eliva- : ;
tion of 159.4 msl and a cordbinggd principal and wncrcancy discharces K
for pool elevations above 159.4 msl. Pool elevations above 167.1 rsl , ;
b :v ‘
were routed over the non overflow section of the dam. i f
.i A
5.6 Overtopping Potential: The predicted rise of the reservoir : :
pool and other pertinent data were determined by routing the flood %
hvdrographs through the reservoir as previously described. The results
4 g
for the flood conditions (% PMF and PMF) and shown in the following © B
Table 5.1. {
TABIE 5.1 RESERVOIR PERFORMANCE A
’ Hydrograph
Normal
Flow L PP ISuI !
Peak Flow, CFS ?
Inflow 30 23,589 47,177 {
Outflow 30 17,786 47,177 ;
Maximm Pool Elevation 163.94 168.3
Ft, msl 139.7
3 i
Non-Overflow Section i ‘
(Elev 167.1 msl) : :
Depth of Flow, Ft - - 1.2 | ;
Duration, Hours - - 3.0 ;
Velocity, fps - - 4.7 ;
Emergency Spillway
(Elev 159.4 msl)
Depth of Flow, Ft - 4.54 8.9
Duration, Hours - 21.0 24.0
: Velocity, fps * - 9.6 12.9
i
3 Tailwater Elcvation,
;_ Ft, msl 73.5 99. 112

* Critical velocity at control section




5.7 Reservoir Emptying Potential: A 30-inch dicw-ier cate

at elevation 75.3 msl is capable of draining the rosemvoir theoaxeh the
outlet culverts. Assuming that the lake is at norral jool ¢icv:tion
(139.7 msl) and there is 30 cfs inflow, it would take approximately 16
days to lower the reservoir to elevatiaon 76 msl. This is equivalent to
an approximate drawdown rate of 4.0 ft/day based on the hydraulic height
measured from normal pool to the invert of the drawdown pipe divided

by the time to dewater the reservoir.

5.8 Evaluation: The U. 8. Avmy, Corps of Engineers' guidelines
indicate the appropriate Spillway Design Flood (SDF) for an intermediate
size, significant hazard dam is the % PMF to PMF. Because of the risk
involved, the % PMF has been selected as the SDF. The spillway will
pass 80 percent of the PMF without overtopping the crest of the dam
(160 percent of the SDF).

Bydrologic data used in the evaluation pertains to present day

conditions with no consideration given to future develomment.

-22-
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SECTION 6 - DAM STABILITY

6.1 Foundation and Abutments: The dam is located along the

eastern edge of the Piedmont Physiographic Province of Virginia.
Higher elevations at the site are blanketed with a thin veneer of
Coastal Plain sediments, consisting of variable amounts of sand, silt,clay
and gravel. These sediments include the Patuxent and "Lafayette" (Appendix
Vi, References 6 and 9) Formations, of 'Cretaceous to Pliocene Age. These
materials are underlain by residual sands and clays, which are derived
from the in-place weathering of underlying granite gneiss bedrock
(Precambrian BAge). Test borings indicate that the bedrock becames
less weathered with depth and that the granite gneiss grades into a
fresh gneissoid granite. The bedrock is generally jointed, fractured,
and foliated, however, these structural features are less obvious
in unweathered rock. Available geclogic maps of the area do not
indicate the presence of any faults in the site vicinity.

Subsurface data indicates the overburden materials possess low
to high natural permeabilities. Pressure tests resulted in low water
takes despite known jointing, foliation and fracturing of the bedrock.
It was concluded in the foundation report that the underlying un-
wnathered rock would provide "a relatively impervious base for the
dam and rcservoir area.”

Foundation materials in the valley floor were described in the
foundation report as "relatively incompressible except for the thin

clay layer over random sections in the valley." Total settleoment

of the crest along centerline of the embankment was estimated to

i
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range from 1 to 2 ft. Time rate of settlement cunputations indicated

that 75% of the total settlement would occur during construction and
the remaining settlement was expected to extend over a period of 18

months. Based upon design data, a stable foundation is assumed for

this structure.
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6.2 Embankment:

6.2.1 Materials: "As built" drawings show the dam as a
zoned structure. Zone I of the dam was constructed with clavev silt
to silt (ML), silty clay (CL) and clay (CH) materials. Zone II
was constructed with decomposed gneiss, which probably classified
as SM to @M. Materials in both zones were to be camacted to 95%
of maximum dry density in accordance with ASTM Standard D-698
(Standard Proctor). Maximum lift thicknesses of 9 inches and maximum
rock sizes of 6 inches were specified.

6.2.2 Subdrains and Seepage: No special foundation treatment

was required. In attempt to control seepage, a cutoff was constructed
into "reasonably sound rock" along centerline of the embankment.

A chimney drain was included within the downstream portion of the dam
in order to lower the phreatic surface through the erbankment.
Drainage pipes incorporated in a blanket filter were provided for
transmitting the collected water to the plunge pool. Rock fill was
also utilized at the toe of the dam. In attempt to prevent piping

around the principal spillway pipe, 12 anti-seep ocollars were included

upstream of the chimney drain. Details of the drainage system and

cutoff are provided on Plates No. 3, 5 and 6 of Appendix I. No
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soepage was observed during the inspection, however, the lake was
approximately 25 ft below normal pool level. Both chimney drain
outlets were flowing at about 1 gpm at the time of the inspection.

6.2.3 Stability: The only information stated in the design report
concerning the stability analysis is that the embankment section wes
derived by an "approximate stability analysis" and was also "sign-
ificantly influenced by experience and judoement" (page 10, Appendix IV .
It was also stated that "the embankment has a minimum safety factor
of 1.3 based ona g angle of 26° in the decampcsed gneiss section
{page 7, Appendix IV ). Since the decomposed gneiss comprises the
downstream embankment we assume the above factor of safety was de-
rived from a downstrcam analysis and therefore represents steady
state seepage conditions. The only stability calculations made
available included computer printouts of analysis of upstream
slope conditions which did not correspond to the 3H:1V "as built
slope" and thus are not included herein.

The dam is 94 ft high and has a crest width of 26 ft. The base
width of the dam at the principal spillway is about 594 ft. The
upstream slope is 3H:1V with a 10 ft wide berm provided between
elevations 137.5 and 136.5 msl. The downstream slope is 3H:1V.

The dam is subjected to rapid drawdown as the approximate reservoir
drawdown rate of 4.0 ft per day exceeds the critical rate of 0.5 ft
per day for earth dams. The existing pool is approximately 25 ft
below maximum control storage pool which is at the crest of the
principal spillway. Upon completion of the water treatment plant

the lake will return to normal pool level which is the maximm control
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storage pool. The dam has experienced the maxirmum control storage

e

pool with no apparent side effects.

e

According to the Recormended Guidelines for Safety Inspection of

Dams (Reference 1, Apperdix VI). the recommended factor of safety for
steady seepage conditions is 1.5. Based upon the available data ob-

tained indicating the minimum factor of safety of 1.3, the embankment

SR et it I e

slopes are considered inadequate.

6.2.4 Seismic Stability: The dam is located in Seismic Zone 2.

Therefore, according to the Reconmended Guidelines for Safety In-

spection of Dams, the dam is considered to have no hazard from earth-

I

cuakes provided static stability conditions are satisfactory and con-
ventional safety margins exist.

6.3 Evaluation: An accurate check on the stability of this
structure cannot be made since there are no detailed calculations
available. The factor of safety for the embankment slopes does not
meet the requirements recommended by U. S. Army Corps of Engineers'
guidelines. Therefore, it is recormended that the awner have a i
qualified Professional Engineer with expertise in Geotechnical
Engineering perform a stability analysis in order to evaluate the
safety of the dam.

Since no undue settlament, cracking, or sloughing was noted
at the time of inspection, it appcars that the enbanknent is adequate

for control storage with water at elevation 114 msl.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment: Sufficient engineering data is available for

assessing the dam except for stability. The visual inspection revealed ‘
no findings that proved the dam to be unsound, however, it should be i
emphasized that the inspection occurred at a time when the lake was ’
drawn down approximately 25 ft below normal pool level. A routine l
maintenance program does not exist. Also, there is no emergency
operation and warning plan. Overall, the dam was in good condition
at the time of inspection. U. S. Army, Corps of Engineers quidelines

indicate the appropriate Spillway Design Flocd (SDF) for this dam is
the % PMF. The spillway will pass 80 percent of the PMF (160% of the SDF) '

without overtopping the crest of the dam. The spillway is judged adecuate.
Review of available stability data indicated the arbankment slopes do not
meet U. S. Army Corps of Engineers' gquidelines.

7.2 Recamended Remedial Measure: The following ramedial measure

should be implemented within one vear of the date of this report. The
owner should engage the services of qualified Professional Enginecrs with
expertise in Geotechnical Engineering to perform necessary studies and
design work.

7.2.1 Pperform a subsurface investigation and stability analysis

in order to evaluate the stability of the dam and rodify as necessary.

7.3 Required Maintenance: It is recommended that a regular

maintenance operation program be established and documented for future
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reference. A formal emergency procedure should be prepared and B!

furnished to all operating personnel. This should include how to ;‘

: : \
| operate the dam during an emergency, and who to notify including !f
|

public officials, in case evacuation from the downstream area is

necessary. Also, the inspection revealed the following maintenance
items that should be scheduled by the owner during a regular
rmaintenance period within the next 12 ronths: e

a) Vehicular traffic on the embankment and in the emergency

spillways should be prevented. Eroded areas caused by this traffic

should be backfilled with compacted soils and reseeded. Any areas

to remain as access roads should be surfaced to prevent erosion.

b) The eroded area present along the upstream slope of the dam

near the left abutment should be backfilled with compacted soil prior

-t

to raising the lake back to normal pool level.

¢) Construction debris present in the right emergency spillway i

should be removed.

d) The_severely eroded lower section of the right ernergency

spillway should be repaired in order to prevent further erosion \

during usage. »

e) The grass and weeds on the dam embankment and in the emergency

spillways should be cut at least once a year and preferably twice a
year. Maintenance is recommended in the early sumar and fall.

£f) The shallow erosional features described on the downstream slope

and along abutment contacts should be resecded.
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g) The thin saturated area present on the downstrcam slope .
should be monitored during normal maintenance operations, particuarly ;
] once normal pool levels are resumed, in order to verify that this )
kd H :
condition is not related to seepage passing through the dam. If } !
! .
increased saturation or flow should occur, a professional Geotechnical i g
Engineer should be contacted to evaluate the problem and make ‘?
recaomendatiors for required corrective measures.
h) The missing 10 inch slide cate on the intake structure chould ’
be replaced.
i i) A staff gage should be installed to monitor water levels.
' ¥
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I11-2

3
i : A
! i3
- l
"
b+
o
. -
3
.8
v [
i
v . .




3 ;

f ]
3
]
i
¢
]
t

f PHOTO NO. 4

1 RIGHT EMERGENCY SPILIWAY (DOWNSTREAM SECTION)
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PHOTO NO. 6
OUTLET PIPE AND PLUNGE POOL
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%’ THel EY TATE WRTIFIHL = DAY NTL L ) :
? VIRIINIZ
¢ SUNMMATION CGF REOODMMIIDATIONC
I BEOANDMEINT AND FOUNDATION DE3IG! ’ i
Anelvsis .-
———— //
(1) The totel settlement of the crest from scil comsolidziion along the !
centerline of the embankment, and conduit, fas been estirated in the range of cne
- foot to two feet,
; L (2) Time rate of settlecent conputations indicate, thet seventy-five percent

of the totsl settlement will occur during the construciiocn of the extankzenit. The
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remeining settlexment is cxpected to extend over a perio
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(4) 1t is estirmated that the gusntity of seepage is 226 x 10-~ fu.B/SGC.

factcr of 1 x 10'5 or/sec. with the water surface

-

Tr.ie is based onL a

- et elevation 1U0. Freatic surfeaces will rnot Leve sufficient
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a1 higher waiter sarflazce elevations.

N, e Y R

(1) 3Sorrow sources are indicated by the borings andé tesi pits excaveted
in the borrow area and energency spillway. ‘The types of bLorrcw materials und 1
approximate available gquantities are estimated es follcws:
a. Cley soils - 300,000 Cubic Yards
. b. Decomposed gneiss - 83,000 Cudbic Yards .
¢. PRock - 20,000 Cudic Yards. It ct.culd be wasied as indicated on the
drewings and shaped to provide protection of the down stream slopes.

(2) %o special foundation trezirdent is recormended. A cutoff, down to

reasopably sound rock should adequately stop the seepege. The foundation

i

raterials in the valley floor are relatively incompressible excepl for the
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hin clay leyer over rznilom scctions of +the velley. The beu
that lie under tle clsy zentle sre cCense and precent no slepe stebilidy protlex.
Most of the deconpesed grneiss under the founietion con “he sbuimenis
will be removed by the cutoff trench excevetion and there is no need for cozrlete
<
ezoval of this meteriel besed on slcpe stzbility calculations for the decom-
posed gneiss section of the deam.

' It is reccxmended that the rock in the cutoff be inspected efter

drress. Some dentel concreting mey be needed.
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(3) No limitstior is reguired cn ihe raie of erctaniient consiruciion. The
clay soils should be compacted at & wzler conte of twc per cent highsr tilan

optimuz, and cbtaln e minimum density of ninety-five per cent of Starnidzri Proc-

tor. The decorposed gneiss should be cermpacted at cptinmum weter content tc reasch

st leest ninety-Tive percezt of Stendzrd Froctor density or it's =uuivalent.
Stzrting at the ursireaz slicpe, the plzcezant of meterials for & zoned

ezbenrment should be as folleows: FHRock and rip rep yrotection over & filier ted,

where indicated, followed by the irmpervicus zone of clgy for the uvrstirwm poriion

]
s

of the exbankment. Next is the chimney drain and the &
posed gneiss.

.t

(L) The ecbaniment dusign should have slopes of wne, vertical to illree,
nhorizeniel. Etatility considerations do not reguire terms. An allcowance ¢f two
feet of cverbulld ehould be made for setilencnt of the crest.
H
(5) The chirney draln on tuhe dowr siream side of the embariment thould bhe

at lemst 5 feet wide besed on calculaticns of seeroge guantities., The raterial

in the drain chimney should have a permeability of at lezst 1.37 x 1073 cn/sec.

p———— i iy
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in the Feninllis Ti4 of the Fredericrelurg T=nd and Cravel

0

Ti.e nmuaterial foun
Cozpany should be suitedble., It will Ve more tlan edeguste 17 the Zines ere
wushed out. The chirmney drain should include drainege ripes 1o carry out the
seepage water rapidly.

PRELIMINARY DESIGN SUMMARY

(1) The dam is to be situated in a V shaped valley, cheracteristic of the
Eastern Piedmont Province. The structure as presently planned is to consist of
an eerth fill cdam epproximately one kunéred feet ﬁigh above the existing streaxm
flow line. The exbenkment will impound the run-off for a thirty-three sgquare
zile water-shed dreinage arez with &n intended pocl eleveiion of 1L0, The erbank-

ment end Toundetlion cdesign was initisted bty an exploreicry preogran consisting of

auger borings, rock corings and test pit excavations. A geological investigstion
examined rock cutcrorring over the dem site rroper and within the reserveir erea.

The results of the field irvestlizetion indicszted that the site has &

relatively thin mzntle of overburden soils consistirng of sand silt end clay mix-
tures, underlsin by rock consisting of deccopeosed gneiss foliowed by more resis-

tant sound gneiss rock. The dam fourdation must be cleared of mll overburden
soils, deccmposed and weathered gneiss. The required depths of strirping in the
mergency spillway is expected to peneirste sound gneiss and providée some rip
rap. The recaurended dam structure can consist of either a zoned or homogeneous
extiarkment. The clay type soils removed froxm urder the daxm and the emergency

spillway, can be used for the impervious urstresm portion of a zoned exban¥nent

or for an entire homogeneous exbenkzent. Decomposed gneiss can be used for the
downstream portion of & noned enbankrent, The erhandment materials should bte

cerefully conirolled andéd ccmpacted in pluce to a density, no less than ninety-

five percent of Standard rroctor density. Tension cracking due to differential
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4 Tive foot wide chirmey érein choulcd Ye jleced

he £ill to collect seepage end elininsate pore

.
water pressure in the foundation. :
An slternate emergency spillwey design -

ey was prorosed on the southside comsisting of

Yete

Zur ihe provieion of twe

splitter dikes. On ccmpleticn of the prelinminary

subseguent ccmpuiation revezled &n excessive =zrosunt of nw

(2) Tue ertizniment seciion in eddition tco being cxiczete

tion curves, Los

(3) Design criteria for uent, recguires

the impervious section cf the embark
susficient plasticity in the cley material, to inhibit the development of cracks,
resulting from differentiel settlement. The ccrpection water content of the

cley soils has therefore been recormmended at‘two percent greater than the opticur
wvater content. Corpacted densities are to be no less than ninety-five percent of

Borrow materials for the ircpervious zone were selected

4

Stendard Proctor density.

on the tasis of having a permeabdility coefficient less than 1.0 x 10 -5 centi-

ceters per second.
The following design criteria are considered conservative, and were

» A 2. -~ +
fied in the celiect

[

cn of nuterisls for the crairs

ble

de but not s:ruce

£
w
0
[o7)
W
]
[+-]
bie

d

£

e re

321, SNV PRI Wtor N 5 3 o S ST NI

.

T w e Sl T

g

&
v




S - e " 3 R - - -~ 3 PN - - T an
lze ¢of the Tilter or dreln neterial ic not Iorper tlen five T

size of the protect=d coll.
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came shepc as the gredation cwve of the protected soll.

. The filter and drain zmatleriel were reguired to have no more than five

percent Tines, passing ihe nusler twoe hundred sieve, with the fines leing

P VU Y

;
t
cchesicnless., i
|

(k) Tre glternzie Gesign to the zoned emiankment, is a bonogeneous enbenke

i
i ¥ - —~ &+ - 4 g s o - - .2 T S - e 2T t
that sutstlantiel guaniilies of deconrcoced gneices will ve zade evellablie fro ’
a3 ok = it avdal R R 3 e .- - !
the exz2ovaiions.  Thic muteriel forming the &ovrnsiresst section of the coxlan¥zment, '
PR PR o, 4+ - . P e e PP i et T A A e ;2 L S

may ve difficult te rlace wnd comract.  Excsvated guanilities nay contaln large i

1

sized that are difficult to bresrdcwn. In zddition, the deccrmpozed gneiss will

be more sutject to cracking from differential settlements than the plastic ¢l }
soils. Dowzeiresm of the chimney drain, the resulis of cracking may be less sig-
nificant, elthough some loss in slope stabiliiy ray occur.

(5} The catwelk normally provided to the principal spillvay is not recom-

mended in trkis instance, in view of its inlerzmittent use, &nd the excessive lergih

of apprcximately 200 ft. required for its construction., In addition, it is felt

the cecst of the excescive helight of the zurperting piers alons wilth the balznce
I €

=

w3

of the structure ere not eccrnozicelly Justified, In lieu thereof, an exterior

;
%
i

ladéer will be prcovided for accecs, at such time es the pool is below normsl

s
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APPENDIX V
PREVIOUS INSPECTION REPORTS
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Watershed: Abel Lake Tate: June 20, 1979

Inspected by: R. E. Sotzing - Stafford Sanitary District, Wayne Brooks -

Russell & Axon, Cear Jones - Tri-County SWCD, Jim Blodgett
and Don Farmer - Soil Corservation Service.

As in the past, most of the erosion on this site can be attributed to
the excessive amount of vehicular traffic. The access rcad is ceeply
rutted and should be regraded. Trails still exist in the erercency
spillway and acrcss the cam. And although 4-wheel activity seems to

have subsided on the downstream face of ithe car, some ruts still exist,

It was felt by all those present that this varcdalism would be reduced
once construction tegins on the weter treztirent plant. During that
period, the cbove expesed arees will be resceced to provice vegetative
protection.

In general, the vegetation is in gooc shape. However, it was recom-
mended that a soils test be taken so that maintenznce lime and ferti-
lizer could be applied. It wes alsc suggested that occasional mowing
would not only control weecds but would stimulate additional growth of
the Sericea and fescue.

No woody vecetation was noted.
The principal spillway and fcuncaticn drairs appeared to be operating

rrcperly. ks previoucly nctea, the ten-inch water lontrcl gate is
rissing.
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U-emATIONS AND MAINTENINCE INSFECTION REFORT

watershed: Fetomac Cresk, Site #1 Date: June 14, 1978

inspected by: Albert Jefferies-Russell & Axon, Bob Wilkins-Stafford
County Sanitary District, Jean Jones-Director, Tri-
County SWCD, Jim Blodgett-Area Engineer and Don Farmer- i
District Conservationist of the Soil Conservation Service.

1. Tne erosion problems on this site can be attributed to heavy vehicular
traffic this area receives. The access road is rutted and eroded in
several places and requires some repair. As mentioned, in past in-

; . spections, the top of the cdam and spillway are still being abused as

E a roadway. These deruded areas are subject to erosion and could

!

r

O

cause serious and expensive carmage to the structure should water

flow tnrough the emergency spillway. In addition to the 'established'
trails, 4-wneel drive vehicles have begun climbing the downstream
face of the cam. Such activity is very detrimertal to the stability
of the structure.

2. The vegetative cover is in fair shape, but it shows signs of needing
additicnal fertilizer and 1ime. These nutrients should be appliied
basec on the recormendations of current soil testis and applied in
the fall. To promote & more vigorous stand of vegetation, this
area should also be mowed occasionally.

I
.

There wes noc evidence of any woody plants growing on or near the
en.bankment. Trees are growing in the mouth of the emergency spillway
and should be removed as soon as possible.

4. The principal spillway and the foundation drains appeared to be operat-
ing properly. As previously noted, the ter-inch water control gate is
missing.

Although this < tructure is ir reasonably cood shape it has been subject to
much varialism. AlY the catec or harriers heve been either cut down or
hriocked uver. 1t 2lso apoears that this site is becoming more attractive
to people with 4-wheel drive vehicles

ot T e i =
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Joel Leke

Stetffers, Vircinia

: 5 The County of Stafford is resporsivle for the proper operation and main-
; tenance of this structure.

As part of the operation and maintenance, visual inspections will be made
. annually and after major storms. These inspections will include repre-
: sentatives of Stafford County, Tri-County Soil and Water Conservation District |
and the Soil Conservation Service. A report will be prepared after each of .
. these inspections to document the groups findings, as well as, determining
the type of maintenance required. A foliow-up report will also be pre-
1 pared showing the status of any required maintenance.

To sustain a vigorous stand of vecetation on the dam and spillway, the fol-
lTowinc maintenance should be performed:

A, LINE ANG FERTILIZER - Lime and fertilizer should be applied based
on recent soils test. Generally, liming arnd fertilizing should be
cone every 2-3 years.

PRI 1 e T e

Arply Yiwe and fertilizer between August 15 - (October 1.

¥

£. MOWING - If rossible to do safely mow the Sericea Lespedeza every f
?-7 vears in July 1% - Auoust 15. However, it is nct essential ‘
that tane sSteep areas be riowed. :

i

Jo rot mow helow 4 inches. N

: g

C. DBRI'SE CONTROL - A1) woody veuetation, trees, shrubs, etc. should f

be rouavesd as soon as possitle.

S QEERDS nEMOVAL - AlY debris that rae btaern depcsited by flows
throuah the aiervency spiliway should bLe renoved.

SAFFIZ - d-wheel drive or other vehicles shoqle not be permiittea
thic site except 10 Lertorni nacassary naitierance,

f
o
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Fourdation Investigation Potomac Creek Dam and Reservoir,
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Associates, 1967.
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