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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 Inspection is to
indentify 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 inspection. Detailed investigation
and analyses involving topographic mapplng, 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 1
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 appurtenenances,
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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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of the Chief
of Engineers, Washington, D. C. 20314. The purpose of a Phase 1
investigation is to identify expeditiously those dams which may pose
hazards to human life or property. The assessment of the general
condition of the dam is based upon available data and visual
inspections, Detailed 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.

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

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions, and
is evolutionary in nature. It would be incorrect to assume that the
present condition of the dam will continue to represent the condition of
the dam at some point in the future. Only through continued care and
ingpection can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. 1In accordance with the established guidelines,
the spillway design flood is based on the estimate "Probable Maximum
Flood" for the region (flood discharges that may be expected from the
most severe combination of critical meteorologic and hydrologic
conditions that are reasonably possible), or fractions thereocf. Because
of the magnitude and rarity of such a storm event, & finding that a
spillway will not pass the design flood should not be interpreted as
necessarily posing a highly inadequate condition. The design flood
provides a measure of relative spillway capacity and serves as an aide
in determining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general condition and the
downstream damage potential,
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BRIEF ASSESSMENT OF DAM

3 Name of Dam: Powell Dam
1 State: Virginia
3 Location: City of South Boston
1 USGS Quad Sheet: South Boston
Stream: Tributary of Reedy Creek

Date of Inspection: &4 December 1980
The Powell Dam is an earthen embankment about 400 feet long and 25.3
S feet high. The dam is owned and maintained by Mr. Fred Powell., The dam
is classified as a small dam with a high hazard classification (on the
basis of location). The spillway is an earthen channel located at the
left abutment. The reservoir is used to irrigate surrounding cropland.

' Based on criteria established by the Department of the Army, Office
of the Chief of Engineers (OCE), the Spillway Design Flood (SDF) is the
1/2 PMF. The emergency spillway will pass 37 percent of the PMF and 80
percent of the SDF without overtopping the lowest point on the dam
crest. The SDF will overtop the lowest point on the dam crest by 0.2
feet with an average critical velocity of 2.1 feet per second and flow

< over the dam for 0.5 hours. Therefore, the spillway is adjudged as
t inadequate but not seriously inadequate.

The visual inspection revealed no apparent problems or remedial
measures in need of immediate attention. There is no formal regular
maintenance operation program or warning system, and it is recommended
that a formal maintenance program and warning system be established.
The maintenance items listed in Section 7.2 should be accomplished as a
part of the regular maintenance program within the next 12 months.




Submitted By: Approved:
Orhr s AN >‘7”“f1)”57. Original signed by:
,‘g-ﬁJ ho A / Dougl.s L. Haller
.o" JAMES A, WALSH, P, E. DOUGLAS L. HALLER
Chief, Design Branch Colonsl Corps of Engineers
District Engineer :
8 g 13 196
Recommended By Date: _ “‘AM_

CAA N Tore N S0 1D 3

C =Nl > .ot
‘v« JACK G. STARR
! Chief, Engineering Division

iii




gy

-

Q'.'.)'v, ai
aw® -

A~
y X

-

5
O mem

X

"A‘

'

CREST

UPSTREAM FACE/RESERVOIR AREA

OVERALL VIEWS OF
POWELL DAM

4 DECEMBER 1980

WL AT CIRRAL 250 At 8

|
<
W

™ ~.-hq,. k"N’ :%“:

¢ s an




T.5 .

!,. M
-
Ooa

(S
.,
Lok

P Sk s

SECTION 1
PROJECT INFORMATION
1.1 GENERAL:

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 inspection of dams in the Commonwealth of Virginia.

1.1.2 Purpose of Inspection: The purpose is to conduct a Phase I
inspection according to the Recommended Guidelines for Safety
Inspection ¢ of Dams (Reference 1, Appendix IV). The main

responsibility is to exped1t10usly identify those dams which may be a
potential hazard to human life and property.

1.2 Project Description:

15 feet wide with minimum crest elevations of 103.7 TBM* at the left
abutment and 103.9 TMB at the right abutment. The dam crest elevation
rises uniformly from each abutment to a maximum elevation of 106.4 TBM
at the center of the dam. The upstream and downstream slopes are 2.5
horizontal to 1.0 vertical (2.5H:1.0V). A dirt and gravel road
traverse the crest of the dam.

It is unknown whether the dam has a clay core, cut off trench, or
foundation drainage system. There are no foundation drain outlets.

The principal spillway intake consists of two separate pipes.
These are a 12-inch corrugated metal pipe (CMP) located near the
water's edge (inv. el. 100.0 TBM) and a CMP approximately 8-inches in
diameter and 1.0 feet higher located farther out in the water. The
principal spillway outlet is a 12-inch CMP (inv. el. 83.0 TMB) that
discharges into a small stilling basin at the toe of the dam.

The emergency spillway consists of an earthen side channel located
in the left abutment with an average bottom width of 25 feet and an
average control section elevation of 102.0 TBM.

# Dam height based on the difference in elevation between the
streambed at the toe of the dam and the maximum height on the crest.

* TBM (temporary bench mark) ~ the top of the 12-inch CMP riser pipe
is elevation 100.0 feet.

1-1
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1.2.2 Location: Powell Dam is located within the City of South
Boston, on its northeast side.

1.2.3 Size Classification: The dam is classified as a small

eyt o it e . e

; 1.2.4 Hazard Classification: There is a subdivision in the area

ﬁ endanger lives and cause economic losses. Therefore, a high hazard
classification is given to this structure according to guidelines

4 contained in Section 2.1.2 of Reference 1, Appendix IV. The hazard

classification used to categorize this dam is a function of location

only and has nothing to do with its stability or probability of

failure.

' 1.2.5 Ownership: Powell Dam is owned by Mr. Fred Powell.
1.2.6 Purpose: The dam is used for irrigation.

1.2.7 Design and Construction History: The dam was designed with

assistance from the Soil Conservation Service. Construction of the
dam was completed in 1956 by the Allen Albert Construction Company of

Gretna, Virginia.

1.2.8 Normal Operational Procedures: Water passes automatically

i through the principal and emergency spillways as the reservoir rises
above the two intake risers and the emergency spillway crest.

1.3.1 Drainage Area: The dam controls a drainage area of 0.07

-l -

square miles.

.

i 1.3.2 Discharge at Dam Site: Maximum flood - unknown.
) Pool level at lowest point on dam crest (elevation 103.7): j

Principal Spillway « « « « o « o « « o + o o o « o+ 17 cfs
g{ Emergency Spillway « « « o ¢ ¢ ¢ ¢ « o o o o « o o 300 cfs
N
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1.3.3 Dam and Reservo1r DEEE Pertinent data on the dam and

reservoir are shown in the . f0110w1ng table:

TABLE 1.1 DAM AND RESERVOIR DATA

. Reservoir _
Elevation _"Capacity
feet Area, Acre, Watershed, Length
__ _Item __TBM _acres  feet  inches _‘__gmiles)
Top of Dam i b
Highest Point 106.4 7.0 57.0 15.0 0.14
Lowest Point 103.7 4.1 47.0 12.6 0.12
Emergency Spillway
Crest 102.0 5.3 41.0 11.0 0.11
) Principal Spillway
Crest 100.0 4.6 34.0 9.1 0.10
Stream at Down-
stream Toe of Dam 80.6 - - - -
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SECTION 2
ENGINEERING DATA

2.1 Design: There is no known design information, other than the fact
that design assistance was provided by the Soil Conservation Service.

2.2 Construction: There are no known construction records.

2.3 Evaluation: There is insufficient information to evaluate
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SECTION 3

VISUAL INSPECTION
3.1 Findings:

3.1.1 General: The results of the inspection on December &4, 1980, are
recorded in Appendix III. At the time of the inspection, the weather was
sunny and clear, with a temperature of 459F. Ground conditions were moist
due to a heavy frost that morning. The pool elevation was approximately 98.8
TBM. The principal spillway consists of a conduit through the embankment,
with two risers 8 and 12 inches in diameter serving as the intake and a
12-inch CMP (corrugated metal pipe) as the outlet. The emergency spillway is
an earthen channel located at the left abutment. No flow was passing through
either the principal or emergency spillways at the time of the inspection.
The tailwater elevation was approximately 81.0 TBM. There are no known prior
inspection reports.,

3.1.2 Embankment: The embankment is in good condition. A dirt and
gravel roadway traverse the crest of the dam. A sketch showing a plan view
and crest profile is provided on Plate II, Appendix I. A cross section is
given on Plate III, Appendix I. Overall views of the dam are provided at the
beginning of the report.

There are no signs of surface cracks, unusual movement, sloughing, or
misalignment. Wave erosion on the upstream face is minor. No seepage was
observed. The dam has a good grass cover. There are some trees with
diameters up to 8 to 10 inches scattered over the embankment, primarily
cedars and pines, especially on the downstream face, where some underbrush
was noted also. No foundation drains were observed.

3.1.3 Principal Spillway: The principal spillway intake consists of two
separate pipes. These are a l2-inch CMP located near the water's edge and a
CMP approximately 8-inches in diameter and 1.0 feet higher located farther
out in the water. These are connected to a 12-inch CMP passing through the
embankment at a low level and discharging into the stilling basin at the toe
of the dam. The intake risers are effectively screened to prevent clogging
of the intakes by debris.

3.1.4 Emergency Spillway: The emergency spillway is an earthen channel
located at the left abutment. The crest road traverses the emergency
spillway at its control section (smallest cross-sectional area). The
approach channel is unobstructed and clear of debris. The discharge channel
is clear for the first 100 feet, with a cover of tall grass. Beyond this
distance an erosion gully has formed, which is several feet in depth and
extend down toward the stream bed.

3-1
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3.1.5 Instrumentation: There is no instrumentation on this dam.

— - > s g erete

3.1.6 Reservoir Area: The slopes of the watershed are mild, variously
covered with woods and cropland. There are no signs of reservoir slope
failure. There is minor shoreline erosion. Sedimentation in the reservoir
was not observed.

3.1.7 Downstream Channel: The channel immediately below the dam is
overgrown with trees and underbrush. Beyond this obstructed area the channel
is a natural streambed through terrain characterized by mild slopes. A

subdivision is located in the downstream area immediately below the dam.

3.1.8 Stilling Basin: The stilling basin was small with very steep side
slopes. These side slopes were not protected by riprap.

3.2 Evaluation: Overall, the dam appears to be in good condition.

However, the inspection revealed certain preventive maintenance items which
should be scheduled as part of an annual maintenance program. These are:

a. Check the embankment for animal burrows during periodic maintenance
inspections, and fill with well compacted soil when found. These areas
should also be seeded.

b. Maintain the roadway with adequate gravel to prevent rutting, with
particular attention given to the section crossing the emergency spillway.

c. Cut trees on the dam down to the ground, and keep the embankment
mowed to maintain grass cover and prevent the encroachment of underbrush.
All trees with diameters greater than three inches should have the root ball
and root structure removed also. All subsequent holes should be filled with

well compacted soil and these areas should be seeded or sodded.

d. Clear the trees and underbrush from the outlet area and from the
channel below it so that the flow of water is not obstructed.

e. Dress up the gully at the lower end of the emergency spillway
discharge channel to prevent the progressive erosion of the channel and
hillside. Consideration should be given to placing erosive material in this
area to arrest erosion.

f. 1Install a staff gage, which is a staff, rod, or post with elevations
indicated on it permanently mounted in a lske to show the depth of the
water, It should be of sufficient height to indicate the depth of flow
through the emergency spillway.

g. Enlarge the stilling basin and place riprap on its banks to protect
them from erosion.

3-2

T !!I‘;:.r.- S ’& LT Cigﬁ.""” T



SECTION &
OPERATIONAL PROCEDURES

4.1 Procedures: The normal storage pool elevation is about 100.0 feet
TBM, which is the elevation of the crest of the 12" riser intake for the
principal spillway. Water passes automatically over the crests of the intake
risers as the water level in the reservoir rises above them. Ultimately
water will pass through the emergency spillway when the lake level rises
above the elevation of its crest.

4.2 Maintenance: General maintenance work is performed at the dam as
the need arises.

' 4.3 Warning System: At this time, there is no warning system or

evacuation plan for Powell Dam.

\ maintenance program, However, a program should be initiated to help detect
and correct any problems that might occur. An emergency operation and
warning plan should be developed, to include:

. 4.4 Evaluation: The dam does not require an elaborate operation and

a. How to operate the dam during an emergency.

b. Who to notify, including public officials, in case evacuation from
the downstream area becomes necessary.

The local Emergency Services Coordinator of the state office of Energy
and Emergency Services can assist in the preparation of an Emergency Warning
Plan.
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SECTION 5
HYDRAULIC/HYDROLOGIC DATA
5.1 Design: No design data were available.

5.2 _zdrolog~p Records: None were available.

e ot e s et

5.3 Flood Experience: Unknown.

5.4 Flood Potential: The 1/2 PMF and PMF were developed and
routed by “use of the HEC~1DB computer program (Reference 2, Appendix
1V). Clark's Tc and R coefficients for the local drainage area were
estimated from basin characteristics. The appropriate rainfalls
applied to the developed unit hydrograph were obtained from U. S.
National Weather Service publications (Reference 3, Appendix 1V).

5.5 Reservo1r ngulatlon Pertinent dam and reservoir data are
shown in Table 1.1. é?ﬂ

Water passes aucomatxcally through the principal and emergency

spillways as water rises above their crests, :

C
The storage curve was developed based on areas obtained from a
U. S. Geological Survey Quadrangle Map. Rating curves were developed
for the spillway. In routing hydrographs through the reservoir, it
was assumed that the initial pool elevation was at 100.0 TBM.

5.6 Overtoppxng Potential: The probable rise in the reservoir

P e e e sy

and other pertinent information on reservoir performance is shown in
the following table:
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Table 5.1 RESERVOIR PERFORMANCE

Hydrograph

Normal
Item " Flow - 1/2 PMF ~ pupl/

Peak flow c¢.f.s.

Inflow .5 411 822

Outflow .5 37 804
Maximum elevation

ft. TBM 100.0 103.9 104 .4
Non-overflow Section

(el 103.7 2/)

Depth of flow, ft —— 0.2 0.7

Duration, hours ——— 0.5 1.3

Velocity, fps 3/ —— 2.1 3.9
Tailwater elevation

fr., TBM 81.0+ — -—-

1/ The PMF is an estimate of flood discharges that may be expected from the
most severe combinations of critical meteorologic and hydrologic conditions
that are reasonably possible in the region.

2/ Lowest point on dam crest.

3/ Critical Velocity

5.7 Reservoir Emptying Potential: There is no low level outlet or other
means for emptying this impoundment.

5.8 Evaluation: Based on the size (small) and hazard classification
classification (high) the recommended Spillway Design Flood is 1/2 PMF to
PMF. Because of the risk involved in this project, the 1/2 PMF has been
selected as the SDF. The emergency spillway will pass 37 percent of the PMF
or 80 percent of the SDF without overtopping the dam. The SDF will overtop
the lowest point of the dam crest at the left abutment by 0.2 feet, reach an
average critical velocity of 2.1 feet per second and flow over the dam for

0.5 hours.,

Conclusions pertain to present day conditions. The effect of future
development on the hydrology has not been considered.

5-2

SIS




SECTION 6
DAM STABILITY

6.1 Foundation and Abutments: There is no information available
on the foundation conditions, except what can be inferred from
geologic studies of the area, which lies within the Piedmont geologic
province. Briefly, the area is underlain by granite and hornblende
gneiss, referred to as "mixed gneisses" in the text of Bulletin 75:
Geology and Ground-Water Resources of Pittsylvania and Halifax
Counties, published by the Virginia Division of Mineral Resources.

The geologic map in this publication indicates that the dam site
itself is underlain by granite gneiss, which can be observed in a very
weathered condition in exposures along the shoreline of the
impoundment and in the erosion gully in the lower reaches of the
emergency spillway channel. Residual soils derived from this material
can be highly variable, but typically are yellow or brownish-yellow
light friable sandy clays or brownish-yellow or brown heavy plastic
clays. These soils may exhibit a considerable potential for shrinking
and swelling with changes in moisture content. The weathered parent
rock may be found at depths of only a few feet below the surface in
places. Soil samples examined during the inspection appear to be
yellow or brownish-yellow sandy clay or clay.

The site should afford a good foundation for the dam, assuming
that proper care was taken during construction to guard against the
problems inherent in areas of expansive soils. The clayey nature of
the area soils would make the foundation relatively impermeable.

There is no evidence of undue settlement of the dam which would have
resulted from a clay foundation being compressed under the weight of
the embankment. It is likely that the embankment may rest to a large
degree on the weathered rock noted at relatively shallow depths on the
site. It is not known whether a cutoff trench or other means was used
to directly key the dam into the foundation. There is no evidece that
the dam has a foundation drainage system, but seepage does not appear
to be a problem.

6.2 Embankment:

6.2.1 Material: There is no information recorded on the nature
of the embankment materials, but it is likely that the source of
borrow for the dam was located in the vicinity of the impoundment,
with a considerable portion probably coming from within the area
presently covered by the reservoir. As noted, the area soils appear
to be clays and sandy clays of medium to high plasticity.
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6.2.2 Stability: There are no available stability calculations.
The dam is 25.3 feet high and 15 feet wide at the crest. A dirt and
gravel road traverses the crest of the dam. The upstream slope is
2.5H:1V and the downstream slope is also 2.5H:1V. The dam is not
subjected to a sudden drawdown because there is no low level drain.
The existing pool is approximately 3.0 feet below maximum control
storage pool, which is at the crest of the emergency spillway. In
other words, there is presently 3.0 feet of freeboard. There is no
record of the dam experiencing the maximum control storage pool, but
in view of its age, it is likely that it may have, at least for a
brief period of time. If so, no side affects are apparent, except for
the erosion of the lower end of the emergency spillway channel, which
may have resulted from hillside runoff rather than flow through the
emergency spillway.

According to the guidelines presented in Design of Small Dam,

e e L L LA R e R e it

recommended for a homogeneous small dam of similar material not
subjected to a rapid drawdown are 3H:1V upstream and 2.5H:1V
downstream. The recommended crest width is 15 feet. Based on these
guidelines, the Powell Dam has an adequate downstream slope and crest
width, and an inadequate upstream slope.

Therefore, accordxng to the Recommended Guidelines for Sag__y
Inspection of Dams, the dam is considered to o have nn hazard from
earthquakes provided static stability conditions are satisfactory and
conventional safety margins exist.

6.3 Evaluation: There is insufficient information to adequately
evaluate the stability of the dam. However, the visual inspection
revealed no apparent instability. Based on the visual inspection, the
foundation is considered sound., Based on the Bureau of Reclamation
guidelines, the downstream slope and crest width are adequate and the
upstream slope is slightly inadequate., The embankment is considered
stable during both normal pool and maximum storage pool operations.
In addition, overtopping is not a problem because flows are of less
than one foot in depth, are of relatively brief duration, and the
velocity is less than 6 fps, the effective eroding velocity for a
vegetated earth embankment. A stability check is not required.
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SECTION 7

ASSESSMENT /REMEDIAL MEASURES

7.1 Dam Assessment: Engineering data was not available to
adequately assess the condition of the dam. The visual inspection
revealed no findings that proved the dam to be unsound. There is no
regular maintenance operations program formalized and no emergency
operation and warning plan. Overall, the dam is in good condition and
there is no immediate need for remedial measures. Corps guidelines
indicate the appropriate Spillway Design Flood (SDF) for this dam
(small size and high hazard) is the 1/2 PMF. The spillway will pass
37 percent of the PMF and 80 percent of the SDF without overtopping
the dam and therefore the spillway is adjudged as inadequate but not
seriously inadequate.

A stability check of the dam is not required.

7.2 Recommended Remedial Measures: It is recommended that a
regular maintenance operations program be formalized for future
reference. A formal emergency procedure should be prepared and
furnished to those responsible for maintaining the dam in a safe
condition. This should include how to operate the dam during an
emergency, and who to notify, including public officials, in case
evacuation from the downstream area is necessary. The local Emergency
Services Coordinator of the State office of Energy and Emergency
Services can assist in the preparation of an Emergency Warning Plan.
Also, the inspection revealed the following maintenance items that
should be scheduled by the owner during a regular maintenance period
withing the next 12 months:

a. All trees and saplings on the upstream and downstream faces of
the dam should be cut even with the ground to prevent the eventual
deterioration of the dam by root systems. All trees with diameters
greater than three inches should have the root ball and root structure
removed. The subsequent holes should be filled with well compacted
soil and then seeded or sodded.

b. Clear the underbrush from the outlet area and from the channel
below it so that the flow of wate- is not obstructed.

¢. Maintain roadway across the crest of the dam with adequate
gravel to prevent rutting, with particular attention given to the
section crossing the emergency spillway.

d. Check embankment for animal burrows during maintenance
inspections, and fill with well compacted soil when found.

e. Continue mowing the dam ares to maintain the grass cover and
prevent the encroachment of underbrush.
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f. Dress up the gully in the lower reaches of the emergency
spillway channel to prevent progressive erosion of the discharge
channel and hillside. Consideration should be given to placing
erosion protection material in this area to arrest the problem.

1 g. Install a staff gage, which is a staff, rod, or post with
elevations indicated on it permanently mounted in a lake to show the
depth of the water. It should be of sufficient height to indicate the

depth of flow through the emergency spillway.

h. Enlarge the stilling basin and place riprap on its banks to
protect them from erosion.
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R cn 8 TOURETAL S O R Y SRl




PHOTO ¥| CREST

PHOTO ¥ 2 DOWNSTREAM FACE

; : . EEEEETLR T (o




b

Ll

PHOTO “3 UPSTREAM FACE

PHOTO %4 EMERGENCY SPILLway
LEFT ABUTMENT

4
TN ", . .. L g ,..»,_1;,‘1'7?",,, ‘R,g M T %Q,"%"v»_

>3 o
M

PN Hedg

“u"‘.M*‘*' e )

e




. PHOTO *s APPROACH CHANNEL
TO EMERGENCY SPILLWAY

PHOTO*6 DOWNSTREAM AREA

e IR 0 R C ST T



VT R

APPENDIX III

FIELD OBSERVATIONS




,0°001 3O uoirjeasl2 ue
paudtsse s1 adid aasta ,z1 @2y3 Jo do3l ayi - aewyduaq Axezodwsy -~ WALsw

$12p1023Y B3PT19 °H ® uewysng °q
gOMS ‘@31ymiassni °*1 400 ‘uosurqoy °f
asumQ ‘11°Mmod paig goMs ‘ueuysng °q 400 ‘e223d °@
gOMS ‘®B3pI1H °‘H 400 ‘sauor *1 300 ‘ueiel °g

¢ J2uuosaad EOM&OU&WGH

WHLO 18 HCOmuuwamCH Jo suty 3 aajemirp] »W4L8 °86 "COmuuw&wCH Jo aur] je UOlJeAd[d 1004

d .6% :@eanjeaaduay Auung ‘agal) :aeyieOM 0861 2°a % :uotjdedsu] (s)3aeqg
1$°€S — 8L "8uol
,0°€% ~ ,9¢ °3eT :S93BUIPICO)  EBIUT3a1p :23B3S UO3Isog yinog :431D weq [1emod :weq SweN
1 sseyq
uotrjsadsul (ensSIp
ASTT AO3YD
- - . . . . ¢ ....A 4 .‘; M.V Ty ..I - i B, ,.‘..v..m...ﬁu :w

e v ——— D .~




1-111

*pazandoo sey
UOTISOI2 IABM dWOS 3I3ym ‘aurliajem ayj 3e
Juawjuequa ay3 uo deadta ou s1 31dyj

STUNTIVA dVHdIY

*8ur3ani juaasad 03
12aea8 23enbape yjzim 35910
3ay3l ssoxde KempeOol UTEIUTEY

‘uep 243

Jo 38915 ay3l sos19ae1] Aempeox (2avId
pue JIIp V °I33u22 ayj Ul paumold ST
yotym 38215 9yl Jo JuaudACW [BIUOZTIOY
10 JUBWAT]IBS d[qeroaidde ou ST BadYL

LSdYD IHL 4O
INIWNIOITV TVINOZIYOH
ANV TVOILY3A

‘wd1qoad snotaas

B 2WO22Q UOTISOId 2ABA
pInoys soe3l weaajysdn ayl uo
uotr3sazoad iasyjo ao deadia
9pPIAOXJ *POPpPOS 10 papads
2q OSTe PINOYS SEBa1B ISIaY]
*110s poijoedwod oM

yata 1113 pue ‘suorioadsur
@2ourpuajurkw Zuranp smoiing
JBWIUR 103 judunjuequd HO3Y)

*uotloe

dABM WO1J UOTSOXD paduariadxa sey
juaunjueqwd 2yj jo adey weailsdn ayg
*0g9 snid z uolie3ls e 20BJ WEIIISUMOP
9yl uo pajou moiinq Jewiue plo JuQ
*‘wa1qoad ® aq o3 aeadde jou saoq

S3d07TS INIWLAIV ANV
INTDINVERE J0 NOISO¥d
40 INIHONOTIS

*9uUON

*paAl12s8qo 2UON

J0L JHL QNOAZd
40 1LV ONIADVYD ¥0
INIWIAOW TVASANO

*2UON

*paA1asqo 3uoN

SAIVHD JOVAINS

SNOILVANIWWOOEY 40 SHYVWIY

SNOILVAYISHO

dO0 NOILVNIRVXA °IVASIA

Irteo 2% g in i, Sl 2

LNIWINVERE

M
|
i
!




¢-111

*poppos 10 pIp33s

uayy pur (108 pea3ordwod
1134 yatm pa(it3 °q

pinoys sajoy juanbasqns a3yl
+paAOWRl $3INIINIIS JOOX
pue [1eq 3001 1T3Y3l 2ABY
pPInNOYsS SdYOduT 321yl ueyl
1938213 s1332WeIp YITm §33]
*ysniqiapun jo UBWYIBOIDIUI
ayj jusaaad pue 33A0D

ssead ulejulew 03 pamow
Juaunjuequa daay puw ¢ punoald

<0osSTe polou SBM YSNIQIdpUn 3u0S 2aaym
‘3o WEILISUMOP Y] U0 £11etoedsa
¢saurd pue siepad Lytaewtad € juswjuequs
2yl 12A0 Pa1333EDS SIYOUT ULy O3 y3te
03 dn sia3jdwWeIp YITmM S9213 dW0S d1B

ay3 031 umop sII13 IN) a1yl °*a2a0> ssead poo8 B sBy wep 2yl NOILVIIOIA
+sfey2 Kpues pue sLe(d 29

*3UON 07 aeadde s1os [BOOT Cumouufy STVINIIVH

*uoN +panl12sqo di1am sulelp ON SNIVIA

*9uoN *paAlasSqo seM a8edaas ON 29vdd3S F79VIOIION ANV
s2]qe3sun s1 uoljepunoy U3

* 2uoN Jey3 35993ns 03 20uUDpPTA® Ou ST 33adY] NOLLVANNOA

SNOILVANTHHOOIY YO SHUVREY

SNOILVAYISEO

J0 NOILVNIWVXI TVASIA

Sanmediiis i dii Sl e

INTANVIRE

b4 ) f.hf:w G.u - r..‘w?apl'-w A.’.

P e

- >

i
1
!

a‘r.

& 4 TR

N Y




£-111

2uoN

INERAIN0E

NOILVY3d0 GNV SALVD

auoN

ALVO AONIIYIWE

auoN

S¥3dId ANV 3oaIye

*pa3on13sqo 3jou

ST I23Bm JO MOTJ 34yl IBYd
0s 31 M01aq Tauueyd Y3
woij pue Eaie 3Ia1INo 3yl
wol3 Yysnigqidpun 3yl ie3ID

*umoadaaao

A11ABOY ST UdTUm ‘syueq daa3s YiTA uIseq
Suryy13s [[BWS B 0JUT §33IBYISTIP 31 *(2d1d
1230w pajedniiod) JWd ,Z1 © ST 321In0 3yy

131100

*3UON

*staqap &q Aemyytds

ay3 jo Bur88070 jusaazd 03 poUIIIOE
A19AT3093J3 91E §19STI IYBIUT YL
+juaujuEqWD 2Y3 03 13SOYd I9IIBT Y3 Yiia
‘gi1asT1 ,Z1 PUE ,,8 JO SISTSUOD 2}BIUT dYL

IAVINI

*3uoN

*2uoN

SNOI1D3S TOWINOD

SNOTIILVANTWWOOHY U0 SHYVWIH

SNOILVAYISE0

JO NOLLVNIWVXI TVASIA

AVMTIIdS TVdIONIYd




%-111

*3uoN

SNOINVTITIOSINH

P

*2UON

- o

SYJIId ANV JOaIyd :

*ePISTITY pue [auueyd
23aeyosIp 2yl Jo uOIS0I3
aatssa18oad juasaaad

03 jelIdlrw JURISISAI
uotsoxa Suioeyd £q L711nd
§TY3 2103521 03 2a]qR1IS¥]

*peq weails ayjl pABMO] UMOp SPUIIX?
ys1ym deop 31993 JeIDA®S AN UOISOId ue
ST 912Y3] 2ouBISTP STY3 puokag °sseald
11e3 30 13a00 B yY3lTM ‘3923 Q0T 3ISI13

2yl 103 aB3[> ST Touueryd 931eYdSTP YL

TANNVHO dIOYVHOSIA

*SUOTIONIISqO OU Y3ITA S1IQap JO ABDID

TANNVHD HOVO¥ddV

*3ut3na

juaaaad o3 se O0s 3T urBjUTRUW
03 Aempeol1 ay3 uo padeid

2q pInoys [aae13 1BPUOTITPPY

‘uo13des [013u0d s3T 3B Lemyiids
£oua8aawa ayjz S3SIDAEBIJ PBOI 3I§31D YL

SNOILJ3S TOYLNOD

SNOTLVANIWKRO0DIY J0 SAYVWIY

SNOILVAYISHO

JO NOILVNIWVX3 IVASIA

AVMTIIdS ADNIDYIWI

.. R R LU ¥ s i . - i~\ .
§ . . Do .A.m.s_..,. 4 ™ rl.n.xﬂv..-‘-v 3 coi.t..

[

e bR - v




S-111
YIHLO
*feny11ds
Louslaswe ay3 y3noayy
MOT3J Jo yidap ay3z a23edIpUl
03 3y313Yy JUIIDIIJuS
Jo aq pinhoys 31 °*123eM BYI
3o yadep ayj moys o3l 9jyey ®©
ur pajunow Lyjuduewaad 31 uo
P93IBITPUT SUOTIBAIL® YITIM
3sod 10 ‘poi ‘Jjyels B ST
yotyms ‘a3ed jjeis e [1eISU] 2uUoN SAOVOHIIVILS
duoN SYILIN0ZA1d
2UOoN SYIIM
9uoN STTIM NOILVAWISHO
3uoN SATAYNS /NOILVINZWANOK
NOILVANTI0DTY ¥O0 SHIVWIL SNOILVAY¥ISHO 40 NOILVNIWVXH TVASIA
NOILVINARNYLSNI

Y e iy

- Sl s,

.+ - Y
P SRS

v

*
-
M
4
L
as

-d

w

R



9-111

o T——————

«auoy -poinseaw Jjou S8A UOTIIRPIUBWIPaS NOILVINIRIQES

*swayqoad jeioads Aue
quasaad Jou §20p UOTSOId IUITIIOYS I0UTH

spuejdoid pue sSpoom yita pa3e3iadaa [19m pue §4d01S
*3uoN p1TW d1E pdYysidem Yyl 3O sadols syl
SNOTIVANTWWODIY MO SHYVWIY SNOILVAY¥ISE0 NOILVYNIWVXI TVASIA

d1oAd3sAy



L-111

supp
ay3 moiaq 3dutrall asoyl

3o A3zadoad pue 83A1] a3
pagndajes 03 ug1d Sutuies
Louadiowa ue doianad

-wep 24l mo1294
uteidpooly 2u3d Ul po3goo] °ie sawoy WECTCH

NO11vindod
NV STWOH 30

*ON FIVHIXO0¥ddV

2uoN

splTW 31E
jouueyd wea13suMop 3W3 guipunolins sado1s 34l

5340718

«paptaoad 239

pinous uot3dezoad uo1soid
jo supdw gano>oo s281BYOS1IP
¢ 310A39833 WOl uo1so03i®

31 °peIoNaIsqo @2q 20U
111s 2dud ya13ano 3yl woiy
mo013 BY3 OS poaowdl 29
pinoys uysniq pue saa13 YL

.gaig jood a8unid 2y ut uot3oazoad

po1803d Ou SBA a9yl «yood 28unid

paut3ep 11T 2u3 utr ia3em 3O 1o0d © sem
aiayl ‘ysniqidpun pue s2213 UITH umoaBaaao
s1 wep 3IY3 a0i3q L1a3e1pauml 12uuey? 2ul

(013 ‘siudid
¢ gNOIIONYLSEO)
NOILIGNGD

SNOILYAYHESHO

SNOT.LVAINIWAOOIY ¥O SAYVHIY

TANNVHD WYZHLISNMOC

40 NOILVNIWVXS TVASIA




APPENDIX IV

REFERENCES

S TORRIAL v P R o O YT



'l’-'_' »':“v . .
Law® o)

- e = - eige
e YOI, -

-~
- S——

L m g

bl «

APPENDIX IV
REFERENCES

1. Recommended Gu1de11nes s for Safet qggggglgq‘gf_pams Office of
the Chief of Engineers, Department o% the Army, Washington, D. C.
2. HEC-1 Flood Hydrograph Package, (Hydrologic Engineering Center,
U. S. Army Corps of Engineers, January 1973.)

3. "Probable Maximum Precipitation Estimates, United States East of
the 105th Meridian," Hydrometeorological quort No. 51, (National
Weather Service, Jume 1978).

4. "Rainfall Frequency Atlas of the Unites States", Technical Paper
No. 40, (National Weather Service, May 1961).

5. Bulletin 75: Geology and Ground-Water Resources of Pittsylvania

and Halifax Counties, Harry E. Legrand, (Virginia Division of Mineral
Resources, 1960).

6. Soil Survey of Halifax County, Virginia, (U.S. Department of
Agriculture, 1938).

L &;( g c*&‘ﬂ'-‘

A, - P




