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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 Fngineers,
Washington, D. C. 20314. he 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
hydraulie, 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
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Upper Norton Reservoir Dam
State: Virginia

County: Wise

USGS Quadrangle Sheet: Norton, Virginia

Stream: Benges Branch - Powell River

This dam is a 78-foot high, 340-foct long earth dam with an impervious
core. It has a single concrete chute type spillway founded on bedrock cut
along the rather steep left abutment. The dam is used for secondary storage
of water above the main reservoir for the city of Norton, Virginia. While
the dam does not appear to pose an imminent hazard, there are several
concerns which could lead to hazardous conditions if they are not corrected,
and which should, therefore, be given immediate attention. (See Appendix
VIII, Conditions.)

The spillway capacity is adequate to pass 69 percent of the probable
maximum flood (PMF) without overtopping the dam. The spillway will pass
one-half of the PMF with 1.0 foot of freeboard. It is recommended that in
periods of unusually high runoff the owner provide around-the-clock
surveillance of the dam and have a contingency plan for warning downstream
residents in the event of overtopping. Consideration should be given in the
future to enlarging the spillway to pass the PMF. Stability calculations
were not available; however, the dam has withstood previous severe storms
with no apparent significant damage. A minor slide occurred in 1977 in the
reservoir area not far from the spillway weir. A study of the reservoir
slopes should be commenced within 30 days. Further information should be
obtained by the owner, within 30 days, to evaluate the stability of the
slopes in the vicinity of the weir and spillway. The source of minor
seepage at the spillway-embankment junction should be investigated within
30 days, and minor areas of erosion near the toe should be periodically
inspected to determine if the erosion is progressing. There is excessive
tree growth to heights of 30 feet on the upstream and downstream slopes of
the dam. The trees should be removed within 30 days and the resultant
disturbed areas repaired immediately thereafter. Because the properties of
the dam embankment and foundation are unknown, a soil boring and testing
program should be commenced within 90 days to evaluate the long-term
stability of the dam.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
NAME OF DAM: Upper Norton Reservoir Dam ID #: VA 19508

SECTION 1 - PROJECT INFORMATION

1.1 General
117 Authority: Public Law 92-367, 8 August 1972, authorized the

Secretary of the Army, through the U.S. Corps of Engineers to initiate a
national program of safety inspections of non-Federal dams throughout the
United States. The Norfolk District of the U.S. Corps of Engineers has been
assigned the responsibility of the inspection of the dams in the
Commonwealth of Virginia. Gilbert Associates, Inc. has entered into a
contract with the Norfolk District to inspect this dam, Gilbert Work

Order 06-7250-004.

.12 Purpose of Inspection: The purpose is to conduct a Phase I
inspection according to the Recommended Guidelines for Safety Inspection
of Dams (Reference 1 of Appendix VII) and contract requirements between
Gilbert Associates, Inc. and the Corps of Engineers. The objectives are to
expeditiously identify whether this dam apparently poses an immediate threat
to human life or property, and to recommend future studies and/or any
obvious remedial actions that may be indicated by the inspection.

1.2 Project Description

152t Dam and Appurtenances: The Upper Norton Reservoir Dam is an
earthfill structure about 340 feet long and 78 feet high. The top of the
dam is 12 feet wide and is at elevation 3292.5 feet m.s.l. Side slopes are
2.5 horizontal to 1 vertical on the downstream side and 3 horizontal to
1 vertical on the reservoir side.

The spillway is an ungated, reinforced concrete drop inlet,
side-channel type with an inlet weir length of 62 feet at an elevation of
3287.5 feet m.s.l. providing 5 feet of freeboard. The reinforced concrete
spillway channel is excavated in the original ground and supported on
bedrock along the left abutment, discharging about 30 feet downstream of the
toe of the dam into a shallow stilling basin.

The dam also has a 30-inch square box culvert, serving as an outlet
passing under the dam and an intermediate level inlet controlled by valves
in a concrete shaft with valve control stems extending to manual operators
at the level of the crest of the dam.




1.2.2 Location: The Upper Norton Reservoir Dam is located in the
Jefferson National Forest on the Benges Branch of the Powell River about
1 mile south of the city of Norton, Virginia.

1.2.3 Size Classification: Because of its height of 78 feet, the
dam is classified as an "intermediate' size structure in accordance with
Section 2.1.1 of Reference 1 of Appendix VII.

1.2.4 Hazard Classification: This dam is located upstream of Lower
Norton Reservoir; however, it must be assumed that the water will either
flow directly over that dam or cause it to fail so the water would continue
to the populated area downstream. The dam should, therefore, be classified
as having a high hazard classification in accordance with guidelines
contained in Section 2.1.2 of Reference 1 of Appendix VII. The hazard
classification used to categorize dams is a function of location relative to
property and people only and has nothing to do with its stability or
probability of failure.

1.2.5 Ownership: City of Norton, Virginia.

1.2.6 Purpose: Water supply to the city of Norton and fishing with
electric motors only.

Ba2.7 Design and Construction History: The dam was designed by the
Chester Engineers of Pittsburgh, Pennsylvania, about 1956. Reportedly, the
construction was completed in 1958 or 1959; however, no construction
documents were provided by the owner at the time of imspection. It was
reported by a local resident that the material for the dam was hauled in
from some distance and compacted with sheepsfoot rollers. There has
apparently been no construction or significant revisions since original
construction; however, an informal design for drainage collection at several
seepage areas near the toe of the dam is shown on the copy of the drawings
on file with the city of Norton (Appendix I).

1.2.8 Normal Operational Procedure: During periods of excessive
runoff, the outflow is uncontrolled and all discharge passes over the weir
and into the spillway. During very dry periods, when the Lower Norton
Reservoir is unable to supply adequate water for the city of Norton, the
valve at elevation 3256 feet would he opened to release stored water to the
lower reservoir. According to the owner's representative, only during
extreme drought or to affect repairs would the lower valve at elevation
3226 feet be used. This valve could be used to drain the entire reservoir.

1.3 Pertinent Data

1.3.1 Drainage Area: 0.69 square miles




L.3.2 Discharge at Dam Site: Maximum flood at dam site not known.
Principal spillway with pool level at top of dam - 2,300 c.f.s.

1.3.3 Dam and Reservoir Data: Pertinent data on the dam and
reservoir is shown in Table 1.1:

TABLE 1.1 DAM AND RESERVOIR DATA

Reservoir Capacity

Item Elevation Water Surface Acre- Watershed Length
feet m.s.l. Area-acres feet inches miles
Top of Dam 3292..5 175 2717 1+53 0.2 é
Spillway Crest 3287.5 11.0 202 5.5 0.2 |
Streambed at Dam 3215 0 0 0 0

For other dam construction details see the drawings in Appendix I.
Maximum tailwater elevation 3220.0 feet m.s.l.




SECTION 2 - ENGINEERING DATA

2.1 Design: The dam was designed by the Chester Engineers of
Pittsburgh, Pennsylvania. The design drawings are attached in Appendix I.
The available specificat: as show that: cement groutmix (maximum three
parts of cement and two parts of water by volume) was pumped into 2-inch
diameter drilled holes under variable pressures of up to 100 p.s.i. as a
measure to reduce potential seepage; the gradation of the filter material
was determined by the engineer, probably in the field; and as far as
possible, suitable materials from the reservoir area were borrowed, and the
remainder was hauled from other areas, to construct the dam embankment. A
description of the dam embankment materials and their placement is given in
the specifications, in Appendix VI-A, indicating the dam is constructed of
three zones with a core containing 50 percent clay (zone A), an upstream
layer consisting of 30 percent clay (zone B), and a downstream layer
consisting of random compactible excavated material. The non-clay portion
of the fill is described as a soft shale. No other design data was made
available at the time of this inspection.

2.2 Construction: Only three as-built drawings were available
from the Chester Engineers (see Appendix I). The owner's representative,
the City Manager, was not in office when the dam was constructed and could
not locate other records of the coustruction.

2.3 Operation: Operation is automatic and no gates are normally
used. Records of water levels measured down from the overflow weir crest
have been made monthly and are kept at the Norton water treatment plant for
the period since June 1975. They indicate the reservoir has been full or
overflowing about 50 percent of the time, and has only been as low as
elevation 3270 once during that time. The records are not completely
adequate because the water depth flowing over the spillway is not recorded.
Reportedly, during the last several years the rainfall has been adequate so
there was no need to operate the valves, which would increase the flow to
the lower reservoir.

2.4 Evaluation: The available as-built drawings (Appendix I)
show that the dam was constructed before October 1957 contrary to the local
information that it was completed in 1958-1959. A few discrepancies also
exist on these drawings; readily seen are the incomplete true top of the
rock line and the absence of the grouting information between Stations 2+70
and 3+35 (Appendix I). The specifications (Appendix VI-A) describe the
various fill soils very vaguely. Also, the soil overburden in the logs of
borings along the dam axis is described as just "Earth" (Appendix I). Thus,
the available data on this dam is incomplete.

o o e i ot o Ui



Among the missing items are:

a. Complete as-built drawings and construction records.

b. Design high water elevation and maximum design flow over the
spillway.

c. A record of the maximum water elevation in the reservoir.

d. Seepage and stability analyses.

e. Subsurface exploration report including borrow area
investigations.

i Test reports of concrete and soils during construction.

g Pre-grouting and post-grouting permeability tests.

h. The name(s) of the contractor(s) and dates of construction.

Inspection reports during or since construction.




SECTION 3 - VISUAL INSPECTION

5l Findings
Sipd ! General: The dam site can be reached by four-wheel drive vehicles

and most maintenance equipment. For photos see Appendix II.

3.1.2.1 Dam: Significant portions of both the upstream and downstream
slopes were covered with a dense tree growth. Many trees were 30 to 40 feet
tall with trunk diameters up to 9 inches. No areas of significant
settlement were observed. Several small erosion gullies up to 6 inches deep
were observed near the downstream toe; the gullies were vegetated except for
a few bare spots. The surficial embankment soil was brown, silty, fine sand
with a trace to little clay. The visible upstream riprap was generally slab
shaped siltstone and/or sandstone rock 2 to 4 inches thick, and varying in
width and length from 2 inches up to 3 feet. Much of the riprap was covered
with vegetation and there was some minor dislocation of stones as shown in
the photographs. A portion of the riprap adjacent to the spillway was
covered with cement grout. The slopes and dam crest were generally uniform
and in agreement with the slopes and dimensions shown on the design
drawings.

3.1.2.2  Seepage: Soggy and spongy areas were noticed at several locations
within the lower 50 feet measured from the toe along the downstream slope of
the dam. Heavy vegetation including an excessive number of trees and tall
bushes and surface wetness, probably resulting from a heavy rainfall the
night before the inspection, made the visual inspection of seepage areas
virtually impossible. However, a small leak was observed at the junction of
the embankment with the spillway wall near a vertical joint. This water was
flowing toward and over the left wingwall of the 30-inch box culvert at a
rate of about 5 gallons per minute and was clear. Water was flowing down
the spillway to a depth of several inches at the time of this inspection.
Seepage in this area had been noted several years ago and was sketched on
the city's plan drawing with a conceptual plan for identifying and
controlling the seepage. This work was never done to the knowledge of the
City Manager or his Maintenance Foreman.

3.1.2.3 Appurtenant Structures: The overflow weir and the spillway
dimensions that were checked agreed with the plans. No significant
displacement, tilting, or cracking of these structures was observed except
for a relative displacement of about 1-1/2 inches at the top of the right
(damside) wall of the spillway at station 0 + 50 on the plans. Expansion
joint material was partially extruded at several vertical joints in the
spillway channel. There was some surface spalling or scaling of the
concrete at the discharge point of the 30-inch culvert. Excessive tree
growth was observed behind the spillway walls.




8 oS Reservoir Area: The reservoir shoreline was densely wooded
and no major active landslide areas could be seen. However, a small shallow
slide (see photos - Appendix II) was observed on the west shoreline about
400 feet from the spillway weir. The width of the slide area was
approximately 25 feet, and its depth 3 to 4 feet. The length of the slide
was approximately 60 feet upwards from the waterline, with the bank sloping
approximately 2.5 horizontal to 1.0 vertical. The exposed material at the
top of the slide area was visually identified as weathered soft shale
comprised predominantly of silt with little clay. The clay fraction appears
to be lean. The slide appeared to have occurred recently. This was
confirmed by the City Manager who reported the slide occurred in 1977.
Similar material was observed exposed along the west shore near the overflow
weir. The shoreline slopes on the east side were relatively flatter and
stable.

3.1.4 Downstream Channel: The channel near the toe of the dam is
covered with much vegetation. There is a dumped rock dam which is
apparently intended to form a stilling basin during periods of high
discharge through the spillway. The side slopes were densely wooded but
relatively much flatter than along the reservoir and hence more stable. The
reservoir formed by Lower Norton Reservoir was about 200 feet from the toe
of this dam.

3.2 Evaluation: The dam appeared to have been built in
accordance with the design drawings and does not pose an observable
immediate hazard. However, the source of leakage adjacent to the spillway
near the toe should be ascertained. Tree growth on portions of the upstream
and downstream slopes and behind the spillway walls is excessive. The
existence of a slide in the reservoir area indicates a potential for sliding
exists in the critical slopes above the spillway.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures: There are apparently no formal, recorded
operating procedures for this dam. As reported by the City Manager, a valve
at elevation 3256 feet with a riser to the surface and accessible from the
dam would be opened should the Lower Norton Reservoir become depleted and
water would flow through the 30-inch box culvert to Lower Norton Reservoir
to eventually serve as the city water supply.

4.2 Maintenance: There is no maintenance procedure for this dam
or for the operating facilities at the dam other than periodically cutting
the grass and brush on the crest of the dam.

4.3 Description of Any Warning System in Effect: There is no
formal warning system at this dam. There is a telephone at the filtration
plant about 1 mile downstream of the dam. If a hazardous condition became
known to the filtration plant operator, he could attempt to notify the
police by telephone. The police would in turn notify the County Civil
Defense and Emergency Operations Center (EOC).

4.4 Evaluation: Periodic inspection and maintenance of the dam
and operating facilities should be performed.
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SECTION 5 - HYDRAULIC/HYDROLOGIC DESIGN

551 Design: No hydraulic and hydrologic design information is
available on the design of the dam and appurtenant structures.

5.2 Hydrologic Records: None.

53 Flood Experience: According to the owner's maintenance and

caretaker crew, the dam has never been overtopped and there was no damage
during the 1977 spring flood. According to local people, the flood of
spring 1977 was the highest flood of the near past. The intensity and
recurrence interval of the flood is not known. This flood occurred because
of a rainfall of 6.21 inches in a 26-hour period, as recorded at the
rainfall station in Wise, Virginia, about 10 miles away.

5.4 Flood Potential: The design flood of the dam is not known.
However, various flood hydrographs were routed through the reservoir and the
results are described in paragraph 5.6.

343 Reservoir Regulation: Important design features of the dam
and reservoir are given in Table 5.1.

There are no specific reservoir regulation procedures. During the
period when the reservoir is at its full level, the flow passes over the
spillway automatically into the lower reservoir. However, during iow water
levels, the gate valve at elevation 3256 feet is operated to release water.

5.6 Overtopping Potential: The PMF, one-half the PMF, and the
100-year flood hydrographs were developed by Gilbert Associates, Inc. for
the Upper Norton Reservoir drainage basin and routed through the reservoir.
Table 5.1 summarizes the result of this analysis.

The hydrographs were developed and routed by using the HEC-1 computer
program (Reference 3 of Appendix VII) and appropriate precipitation, unit
hydrograph, and storage volume versus outflow data as input. The analysis
pertains to present day conditions in the water shed and the effects of
future development on hydrology has not been considered. The triangular
unit hydrograph was developed from the drainage area and estimated time to
peak (Reference 4 of Appendix VII). Probable maximum precipitation and
100-year precipitation data were obtained from U.S. Weather Bureau
publications (References 5 and 6 of Appendix VII). The appropriate
reduction factor (20 percent) was applied to the PMP in accordance with
Corps of Engineers directive and guidelines. Design drawings were used to
compute the storage-outflow relation with the emergency spillway functioning
as a broad-crested weir. Losses were estimated at an initial loss of

1.0 inch and a constant loss rate of 0.3 inch/hour.




TABLE 5.1 - RESERVOIR PERFORMANCE

Flood Hydrograph
Item 100-Year 1/2 PMF PMF

Peak Flow, c.f.s.

Inflow 1050 1990 3980
Outflow 824 1640 3810
Peak Elevation, feet m.s.l. 3290.0 3291.5 3293.3

Emergency Spillway

Depth of Flow, feet (a) 1.8 2.8 4.1

Average Velocity, f.p.s. 7.6 9.4 133
Dam Overtopping

Depth of Flow, feet (a) - - 0.6

Average Velocity, f.p.s. - - 4.7
Tailwater Elevation Not available Not available
Note:
(a) Critical depths.

5.7 Reservoir Emptying Potential: The 12-inch gate valve in the

lower box culvert could permit the reservoir to draw down at the rate of
about 30 c.f.s. at spillway crest elevation and dewater the reservoir in
4-1/2 days. It is not known whether the valve is operable or not.

5.8 Evaluation: The results of analyses described in
paragraph 5.6 indicate that the emergency spillway is not capable of passing
the routed PMF without overtopping the dam. The maximum water level will be
approximately 0.6 feet above the top of the dam for a period of about
50 minutes. The one-half PMF is passed by the reservoir with 1.0 foot of
freeboard at the peak water surface elevation. The spillway capacity is
adequate to pass 69 percent of PMF without overtopping the dam.

- 10 -




SECTION 6 - DAM STABILITY

6.1 Stability Analysis: No record of any stability analysis is
available for this earth dam. The information from the available records
and visual inspection is not adequate to perform a stability analysis. The
description of the constituent embankment soils and their properties are
inadequate in the records. For example, Class "A" material is described as
at least 50 percent clay and the remainder soft shale and Class "B" is
described as not less than 30 percent clay and the balance shale. The
foundation soil, the thickness of which may be as much as 20 feet to 25 feet
at the most critical section, is identified as "earth." Other data, namely
those related to the geometry of the dam sections, are adequate and
consistent with visual observations. If segregation of the shale and the
soil during construction did not occur, and the shale fragments were
pulverized and broken properly to form a well-compacted embankment, as
stated in the specifications, the embankment apparently has an adequate
factor of safety under a probable maximum condition of loading. However,
these conditions must be confirmed by properly investigating the embankment
and foundation soil properties. The dam's stability has apparently been
adequate for preceeding conditions, including a flood in April of 1977.

6.2 Foundation and Abutment: The data in Appendix I shows that
the right-abutment slope is flatter than the left-abutment slope
(approximately 2-1/2 horizontal to 1 vertical versus 1-1/2 horizontal to
1 vertical). Also, the soil cover on the former is 8 feet ta 10 feet thick
whereas it is only 5 feet thick on the latter. The soil cover in the valley
area varies from 10 feet to 23 feet. The underlying rock, as encountered in
the borings along the dam axis, is shale in the valley bottom area, whereas
it is sandstone or sandstone follwed by shale on the valley slopes. The
rock strata appears to be a Lee Formation, though no coal seam was
apparently encountered in the borings. The positive cutoff composed of
impervious fill was taken to the rock or a few feet into the rock (see
Appendix I). The broken rock strata beneath the impervious cutoff showed no
leakage in the hydrostatic testing in the bore holes and were grouted using
cement grout-mix. Grouting was done by drilling a single line of holes
spaced 5 feet center to center along the dam axis. A sufficiently thick
soil cover and the cutoff to the rock are probably effective in reducing the
foundation seepage pressures, although complete effectiveness of the grouted
curtain is doubtful. The field inspection did not detect settlement or
movement of the main embankment, excessive foundation seepage, or unusual
abutment conditions. This indicates that the dam and its foundation are
functioning properly. According to the City Manager, there has reportedly
been no coal mining activity under this dam and never will be.

-11-




6.3 Evaluation: The dam and appurtenant structures have been
stable under the previous flooding condition. Although the dam is located
in the relatively stable Zone 2 on Algermissen's Seismic Risk Map of the
United States (1969 edition), pertinent information on the embankment and
foundation soil properties should be obtained to analyze the stability of
the dam and verify that the conventional safety margins exist as specified
in Section 4.4 of Reference 1 of Appendix VII prior to assessing the seismic
stability of the dam.

- 12
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SECTION 7 - ASSESSMENT, RECOMMENDATIONS/REMEDIAL MEASURES

The assessment, recommendations, and remedial measures contained in
this Report are based on the provisions of Appendix VIII, Conditions.

2.1 Dam Assessment: There were no major detrimental findings
such as embankment cracking, internal erosion, uneven settlement or significant
underseepage, which would indicate an immediate hazardous condition. The
dam will pass one-half the PMF with 1.0-foot freeboard on the crest.

However, there are several items of concern listed below:

7.1 % A minor slope failure had occurred on the reservoir shoreline
within several hundred feet of the principal spillway.

Bl e2 There is inadequate information available to evaluate the
stability of the slope areas in general, and more specifically the slopes
above and adjacent to the spillway.

Tiod s The results of inflow indicate that the dam will be
overtopped by the PMF, but the spillway capacity is adequate to pass
69 percent of the PMF without overtopping the dam.

7.1.4 There is a small quantity (about 5 g.p.m.) of seepage :
emerging at the junction of the spillway and the embankment near the toe of i
the dam. |

T8 There is excessive tree growth to heights of 30 feet in

various areas on both the upstream and downstream slopes of the dam.

7.1.6 There are minor areas of erosion on the downstream face of
the dam near the toe.

i Information on the properties of the dam embankment and
foundation materials is incomplete.

Tice: Recommendations/Remedial Measures: To address the concerns
stated above, the following is recommended:

1421 A study of the stability of the reservoir slopes should be
performed soon. An aerial inspection may be required as the topography of
the area is rugged.

_13-




72,2 The owner should obtain all existing computations for
stability of the slopes adjacent to the spillway of this dam within 30 days
of receipt of this Report. The potential for blockage of the spillway inlet
by fallen and floating trees as well as slope failures should be
investigated commencing within 30 days.

7.2.3 It is recommended that in periods of unusually high runoff,
the owner provide around-the-clock surveillance and have a contingency plan
to warn downstream residents in the event of overtopping. Also, it is
recommended that consideration be given in the future to enlarging the
spillway to pass the PMF.

7.2.4 The source of the seepage at the spillway-embankment junction
and the erodibilitv of the contact zones should be investigated with a
monitoring program within 90 days. It is further recommended that the owner
obtain all existing computations regarding design and allowable seepage
through the dam within 60 days of receipt of this Report.

725 Trees should be removed from the dam embankment within
30 days and the slopes stabilized immediately thereafter. Where large trees
and roots are removed, especially on the upstream side, the holes remaining
should be immediately filled with a material similar to the surrounding
material. On the reservoir side, areas disturbed by tree and root removal
should be immediately backfilled and protected by riprap providing slope
protection as good as, or better than, the original riprap.

7.2.6 Areas of erosion and seepage should be periodically observed
and any seepages measured, at least semi-annually, for changes. If
significant changes are noted, the reasons should be investigated
immediately and remedial actions taken as indicated. The annual inspection
program recommended herein should also include a review of all areas of
erosion.

2o A boring and testing program to evaluate properties of the
dam and foundation materials should be commenced within 90 days to properly
evaluate the stability of the dam.

128 It is recommended that a warning system be established for
the public safety of the residents of the downstream area. This system
should be automatic or manual and operable 24 hours per day.

If a significant change is noted in any of the items of concern noted
above, appropriate actions should be taken immediately.
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APPENDIX II

PHOTOGRAPHS




June 1978

CLOSE-UP AT TOP OF SLIDE. NOTE: EXPOSED LAYERS OF
WEATHERED SOFT SHALE

VIEW OF TOP AREA

June 1978

OF SLIDE




June 1978

GROUTED RIPRAP ON UPSTREAM FACE OF LEFT ABUTMENT

T
-

June 1978

SPILLWAY OUTLET - LOOKING UPSTREAM




June 1978

OVERFLOW WEIR - NOTE GROWTH OF TREES

June 1978

OVERFLOW WEIR - NOTE WATER FLOWING OVER THE WEIR




June 1978

RESERVOIR SHORE LINE SLOPE FAILURE

June 1978

SLOPE FAILURE AREA NEAR BOATING DECK -
NOTE EXPOSED MATERIAL




June 1978

RESERVOIR SHORELINE SLOPE FAILURE - NOTE BENT TREES

June 1978

EXPOSED SLOPES AND OVERFLOW WEIR,
NOTE SLOPE FAILURE AREA IN BACKGROUND




NOTE LEAKAGE FROM SPILLWAY AREA

June 1978

NOTE LEAKAGE FROM SPILLWAY BASE




LOOKING DOWNSTREAM IN THE SPILLWAY CHUTE -
NOTE DISPLACEMENT OF JCINT
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June 1978

TOP OF DAM LOOKING TOWARD RIGHT ABUTMENT.
NOTE: TREES GROWTH ON BOTH UP AND DOWNSTREAM FACES OF DAM

June 1978

OPERATORS FOR THE VALVES - NOTE RIGHT
SIDE VALVE BEING OPERATED




APPENDIX III

FIELD OBSERVATIONS
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APPENDIX IV

GEOLOGY REPORTS

(NOT AVAILABLE)




APPENDIX V

STABILITY CALCULATIONS

(NOT AVAILABLE)




APPENDIX VI

MISCELLANEOUS INFORMATION




APPENDIX VI-A
CONSTRUCTION EARTHWORK SPECIFICATIONS

Any repizcwwent of materials :rhall be made 1n accordance with these
specifications and without co.' to the Owner. Tne Contractor shall
at all rimes majntain the embankmenc 1n a manner satisfactory to

the Enrinecrs untal (inal cmpletion of all wack unaer the contract,
The Contractar miy be required Lo cease work ab any time when,-in
the opinion of the Enpincers, satisfactory work canno. be doune
because embarnkment miterials are frozen or too wet, and to suspend
work until satisfactory condit ions are obtained.

(G-Z.ﬂ.é) Embankment s shall be zounstructed to the
levels, lines, grades, and cross-se:ti1sons indizated an the
drawings, or as established bv the Enrineers i1n the tield. The
total quantities of embankment material are calculated fronm the
embankment lines shown on the drawings and ars approximitely final
Swmeities. bhull are not guaranteed as such. The Countractor shall
make nio .o oquantity survey from the data nxven to ascertain the
quantities to his own satisfacticn.

Fill Classification

l(.'l

(G-2.8.7) Three types of construction shall be
utilized in making the embankment desimnated as Class M"A",
Class "B" and Class "C" embankment. Class "A" emtankment shall
be material which shall be composed of at least 50% clavy and the
remainder soft shale. Most of the clay materxal wiil provably
have tn be excavated from the borrow area. Class "B" embankment
shall be comncsed of material which 1s not less than 3Q% clav and
the balance shale. Class "C" embankment shall be zomnosed of any
material not suitable for Class "A" or Class "B" emnankment . which
will compact sufficiently 50 a3 to produce no unequal settilement
between it and the adjacent class of embankmenc. The Contractor
shall be careful in spreading the fill material to obtain oroper
mixture of materials soas to conform to the specifications for
the type of embankment specified. Layers of shale and clay shall not
be segregated. If shale deposited is 1n larpme pieces, it shall be
broken up by suitable machinery and thoroughly mixed with proper U
amount of clay before compaction. .

Sdectinn of [aterial

(G-2.8..8) The selection of materials which will be
desicnated as suitable for embankment will be made at the
discretinn of the Enrsineers where necessarv an the basis of
observations and tests in the field. Theses materials shall be
obtainerd from axcavations and the borrow areas and shall consist
of gravel, sand, silt, and clay mixtures, considered suitable.

(G.-2.8-G6) The distribut:en and pradation of tha
materials chall be such that =he embankment will be free from
lenses, pockets, streaks or layers differing materially in

G-13.
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texture froc the snrrounding miterial. The witerials entering

the embaniments chall be such tLhas the finishod £i)l wi1ll bo as
impervious as practicable. Any pervious marerial to be placed

in the embankmcnl shall be placed as directed by the Engineers

and shall be placed only on the downstream face,

(G--2.8-10)  The materials shall be of such nature
that they will compact under proper manipnlation into a solid
stable and essentially impervious embankment, They shall be !
free from wood. lzaves, coal blossom. rrass, muck, surface
soil, roots, brush and other perishal:le massers and thev shal

.
crack, slide or slouph at the prescribed slopes after compaction. |

(G-2.2-11) The vperations 1n the borrow pits,
excavations and placing shall be such as to prodice the best
mixture of materials availahle far the embankment. Whenever
the formatinn varies materially due to strata. lenses, nockets,
or other chanres in formation, it shall bLe placed in the ambank-

" ment in such manner as will most nearly produce the desired

gradation.

(G-2,48-12) All large stone which may interfara wit
the rolling and cempactinn of the embankmont material shall be
removed, Any stones permitted in the embankment chall be
separated one from ancther by earth and in no case allawed to
cllect in nests. In general. larre stones shall be removad
prior to rollins aud compacting the materials and mav be niaced
on the slopes or in the toe in a manner direzted by the Engineers.

Embankment Foundation Preparation

(G-2.3~13) After the embanxment foundation has b

2en
cleared, stripped and prepared in accordanze with these s5ocili-
cations, the areas to be covered by She suiected impervious fill

shall be warkerd sc that the surface shall be loasened to a depth

of not less than 5 inches, All roots and debris shhll be removed
and a3 3 inch layrr of embankment material spread. Proner care
shall be exercised and suitable me>~s3 of reushening. moictening or
otherwise shall be taken to proviae a satisfactsry bond bvelween the
embankment base and the fill material. The surface shall then be
olled as specified in a followine paragraph. Stump holes shall be
broken down with a bullduzer to flatten the s1de slopes and the
holes shall be filled and tharcughly commacted in the same manner
as specitfied for the embankment,

Protection -
(G- 2.8-14) While the desien of the intaks tower is
such as to past all ardinary fload warers. in the event of

extraordinary (luods, there exists Lhe possibility that the
emhankments may be over-topped. To nrevent excessive damage

G-l4.
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to the structures or embankment, the Cont.ractor zhall kerp the top
of the embankmont avproximitel w level lonpeitudirajly so that any
vater [lowine over Lhe embankment. will have a minimum depth and
velocity. The Contractor chall be responsible for any damane
caused to Lhe dam or any of the structures durineg all stares of
construction due to any wave actinn or as the result of floads or
high waters and all such damare shall be repaired by the Concractor
at no exponse to the Owner. The Contractor shall denermine the

ne thod which he proposes to use in connection with control of flood
waters and the vrevention of damar= to the structures from the same.
Such metheds must be approved by the Engmineers and the appreoval of
such methods will not relieve the Contractor from full responsi-
bility for any damage which may occur,

Soreading of laterials

(G-2.8-15) The Contractor may use any approved method
of transportins Lhe mterials.,” After dumpine, the material shall
be spread in lavers approximately 4 inches in thickness for com-
raction and then immediately rolled as hercinafter specifiad,
Should the material, as dumped, bte touv hirh in water content %o
obtain the desired comraction, it shall be bulldozed and spread
cut and left for a sufficient time to alluw the surplus water to
dry out befcre beins rolled. Before a new layer is placed. the
surface of the nreviously rolled embankment. will be inspected by
the Engineers and, if additional water is required, it shall be
added a% this time, If the material has hardaned from drying out,
it shall be disced or scarified to a depth sufficiean® to cut through
the dried materral and dampened to 1ts5 proper water contant., Suffi-
cient new miterial shall then be added to bring the layer to the
specified thickness for rolling.,

Moisture Control and Compaction

(G-2.8-16) The surface of the embankment shall have
the proper water content required for compaction before additional
material is placed. The quantity of water required for the rolled
fill is that which will give the desired compaction under the
rolling and hauling equipment. The Enmineers will at all times
be the ijudre as to whether or not the proper desree of compaction
is being obtained. The watering shall be done with anv suitable
tvpe of waterinr equipment, such as sprinkline carts or other
approved equipment,, but jets shall not bhe directed at the material
with such force that the finer materials are wazhed out. VWehtting
shall be done in such a manner as to avoid the formatinn of pools
and secure a uniform moistening of all parts of the fill.

(G.2,8--17) The Contractor shall be responsible for
furnishing his own water for the project and may use water f{rom
the creek for sorinkling and packine orerations and curing of
concret.e, lHe shall arrange for such pumping and distribution
facilities as he may require,

G-15.
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(G--2.2-18)  There shall be availabie a* all Limes

sufficient. waterine rquipment to furnish the raquired water,

When the mnisture content is satisfactory to the Enfpineers,

the Contractor chall rcll the embankment, with sheepsfaot Lvpe
rollers. Each reller shall have tamping feat uniformiv starrered
over its cylindrical suarface and shall be cquipped with cleaners.
Each tamping foot chall project approximately 7 inches from the
roller's cylindrical surface and shall have a face area of nnt

less than 5, nnr mere than 7 square inche:, The spacing shall be
such as to provide approximately three tampine Coet for each two
square feet of cvlindrical surface. The tutal weipnht of tne rcller
in pounds, divid.d by the total arera in square inches of the maximum
number of tamping feet 1n one row parallel to the axis of the .roller
SRall not—he less than 500 pounds with the roiler welrhted, nor |
less than 250 pounds with the roiler empty. The desirn and opera-
tion of the tampins rollers shall be subject to the approval of the:
Engineerrs, and they shall have the richt at any time durinz the ;
“work to require such repairs and minor alterations to the t amper
feet and rollers as may be necessary to secure maximum compaction

of the earth fill materials,

(G-2.8-19) The roller or sets of rollers shall be

drawn by crawler type tractors at a sreed not preater than

2-1/2 miles per hour. Each layer of the f111 shall be compacted
by means of not 1less than six complete trips of the roller, on
Class "B" and Class "C" embankment, and not less than ten complete
trips of the roller on Class "A" embankment, or as dirested by the
Engineers, Successive trips of the roller shall nat overlap, but
_the space between shall not be greaver than the space between ad3ia-
‘cent feet of thno roller. -Failure to compiy with those requiremerts
for careful rolling will bte cause for requiring additicnal trips
—at—the—Contractor!s-expense.

(G 2.8-20) Where newly placed material abuts old .

~material in the embankment, the ola matarial shall be cut
or broken by discing, scarifying or buildezing until it shows the

. characteristic color of undried material and the roller shall i

work on both materials, bonding them tosether. The water content

for the required compaction is approximately that which gives a

slisht rebound under the constructicon cquipment, but shows no

- tendency to rut or stick to the equipment or become wavy. HMaterial
which does not show A slight rebound will net be accented as com-
plying with these specifications, Where clearances are such that

-.rolling equipment. cannot completelv contalidate the material other
methols of, compaction shall be used. Samples for testing all
embankment matarials, both before and after placement, will be
taken at frequent intervals, and, from thess tests, corrections and

- adjustments of methods and materials will be made as required by

_ the Engineers,

G186,
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APPENDIX VI-B
PREVIOUS INSPECTION REPORTS o Ty

e L
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19508 - LPPER NORTON RES, e C= (6

November 29, 1956

BENOES BRANCH DAM AND RESERVOIR M:SAR NORTOM, VIKGINIA (ASF-3923/58)

In accordance with verbal request and subject assigrment,
a field investigation was made September 25, 1956, by the writer and kre
Boonee Perscnnel in the Norton City Yanager's office were contacted (Mre
Phillip Davis, the City Manager being out of towmn) where details of the
proposed dam were secured from a complete set of planse Also, a visit was
made to the dam site where clearing and foundation excavation work was
being performeds ;
Location = The dam is located in n;ise County, Virginia, about
0.6 mﬂo south of the Narton city limits, on Benges Branch, 3 miles upw=
stream from Posell River, and about LOO feet upstrean; from the present
oity wvater plant reservoir and as shorm on the attached map, Plate 1s
Propcsed Dam « The dam will be an earth l:i].l structure with
21/2 to 1 downsbream'slope and 3 to 1 upstreem slope with a crown width
of 12 feotse The earth £fi11 will be Class "A", "B", and "C" as shomm on
tr.xq attached drawing Plate 2, Theroc will be an inspection *rench, at
center of fill along axis, excavated to a minimum depth of 2 1/2 feet
ﬁto rock and 8 l‘c.et. mde and as shomm in Section B=B of Plate 2. Tha
_overall length of the dam will be about 340 foet and .ma.*:imm height will
be about 80 foete Tho upstream faco of the dam will be riprapped to a
miniimum depth of 15 inchege

VI=B-1




’ ! Yovember 29, 1956

BENGES BRANCH DAM AND KESERVOIR NiAR NORTON, VIRGINIA, (ASF-923/58)

In eddition to the inspection trench and the Class "A" £ill
of core wail a oteel pilc; cut=off wall, as shown on Section A=A of Plate
2, may be installeds .

Thoe elevatiom of top c;f dam will be 32925 (USCLLS, 1529 Adje)e

Spillvays - The main or overflow spillway will be located at
the left end of thes dem as shown on general plan,~ Plate 2. This spillway
consists of a concreto box inlet weir 62 feet long with a crest elevation
of 3287.5, which leads into a concrote box culvert 10 feet wide and 15
feet highe The water from this culvert ecpties into an concreto trough
8 feet wide and 15 feet high. fhe elevation of the spillmay trough outlet
will be about 3215,

Also, thore mill be a 30 inch by 30 inch concrete box culvert
at base of dam equipped wdth a gate eand gato control to.wer.! The culvert
will have seep rings § feet by 8 feet and locatod at 8 feet CoCs

Elevations of Spillwaya:

Hain « 62 foet inlet weir = 3287.5-

Trough outlet ® 3215%
Culvort = Inlet ‘ . 3225,0
Outlet - 32206 °
VI-B-2




November 29, 1956

BENGES BRANCH DAM AND KESZAVOIR MEAR NONTON, VIEOINIA (ASF-923/58)

Reservoir and Drainape Area = The reservoir will cover an area

of 6l acres at full pool elevation of 3287+5e The entire area below full
pool elsvation will Le cleared of all timber and small growthe |
The drainage area above the dax varies in elavation from 3225
to 4225, bas a length of le5 miles, and has an area of O«7 sGuare mile or
450 acres.
The normal low water flow of 3enges Branch at the dam site is
less than one second foote

Plans and Contract =« The dam was designed and complete plans

zade by "The Chaster Engineers", of Roancke, Virginia.
The Slusher Corporation of Roanoke, Virginia are the genaral
contractors, with We Re Hammer of Nerton being a subecontractare

Purpose of Dam and Heservoir = The dam is being built by tha

City of llorton, Virginia to create a storage reservoir %0 be used in
conjunction with the existing reservoir and city water plante

Downstrean Features = Located directly downstream from the new

dam 15 the existing city reservoir and water plent of the citye About le5
niles downstream from the new dam Benges Branch flows parallel to State

Highway 73 for about 1500 feet where a few houses are located in the low

VI-B-3
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November 25, 1956
EENGES BruiiCH LAN AND KESERVOIR NcAk NCRIOM, VISGINIA (ASF-$23/58)
bottem areas Also, located along the lower reaches of Eenges branch-are
several smzll bri.dges; one rzilray bridge, cne Ue Se lighway 23 briige and
cne State Highwey 73 bridges
Summary of Xain Features

Draicage Area LS50 Acres

Reservoir Areca (Full' pool) 6ol Acres

Elevations = Crest of Dam 32920'5 .

w Spillway weir 3287-5:
{ = Box culvert 3225

Length of dam (At crest) ' 340 Feet

Haxdmum height 60 Xeet

Meximun width at base 360 Feet

Crom width 12 f‘eet

fiilliam Pe Clark

Attachments: Plates 1 and 2
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APPENDIX VIII

CONDITIONS

This Report is based on a visual inspection of the dam, a review of
available engineering data, and a hydrologic analysis performed during
a Phase I investigation as set forth in the U.S. Corps of Engineers'
Recommended Guidelines for Safety Inspection of Dams and the contract
between the U.S. Corps of Engineers and Gilbert Associates, Inc.

The foregoing inspection, review, and analysis are by their nature limited in
scope. It is possible that conditions exist which are hazardous, or which
might in time develop into safety hazards, that are not detectable by this
inspection, review, and analysis. Accordingly, Gilbert Associates, Inc.
cannot and does not warrant or represent that conditions which are hazardous,
or which may in time develop into safety hazards, do not exist.
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