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20. Abstract

Pursuant to Public Law 92—367 , Phase I Inspection Reports are prepared
under guidance contained in the r.ecomznended guidelines for safety
inspection qf dams , published by the Office of Chief of Engineers,
Washington,/D. C. 203111 . ~The purpose of a Phase I investigation is
to identify expeditiously those dams which may pose hazards to human
life or property. The assessment of the general conditions of the dam
is based upon available data and visual inspections . Detailed
investigation and analyses involving topographic mapping , subsurface
investigations , testing , and detailed computational evaluations are
beyond the scope of a Phase I investigation; however , the
investigation is intended to identify any need for such studies.

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

Phase I reports include project i nformation 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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PH ASE I I NSPl .~~T ION RE PORT
NATiONAL DAlI SAFETY PROGRAM

Name of Dam: Rura l Retreat
State:  V i rg inia
County : W ythe
USGA Quadrangle Sheet: Cedar Springs , Virginia
Stream: South Fork of Reed Creek

The Rura l Retreat Dam is an earth embankment (lain 41 feet h i gh and
595 feet long. A chute type overflow spiliway is located on the ri ght
abutment. The reservoir is primarily used for recreational purposes.

This visual inspection found the dam in need of repair , and past
geolog ic studies have raised significant questions c o n c e r n in g  the
construction of the dam and the stability of the embankment. (See Appendix
VII , Conditions)

A flood routing stud y has found that the spiliway can pass a flood of
up to 62 percent of the probable maximum flood (PMF) before the dam is
overtopped. A PMF will overtop the dam by 1.9 feet. According to
inspection screening criteria , described in paragrap h 5.8 , the sp illwav is
inadequate , but , it is not “seriousl y inadequate ” . The inspection also
found that the spillway was in need of erosion protection.

The greatest concern is the stability of the dam. Previous studies Fhave established poor foundation conditions and embankment materials well
below the optimum compaction. A stability anal ysis was performed; however ,
the analysis was not sufficient to assess the stability under full loading
conditions .

The questions related to the stability of the dam indicate that the
dam cou ld be hazardous depending on conditions and require immediate
ana lysis and appropriate corrective action by the owner.

Plans for rehabilitating the dam are scheduled for this year (1978) .
The plans include work on the spi llway and upstream embankment slope. The
following recommendations are presented for the owner ’ s consideration and
imp lementation:

( 1. Have a consultant perform a stabil i ty analysis of the embankment
and make recommendations for widening the base and crest of the dam. This
ana lys is shou ld be carried out within 90 days .
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2. Improve t h e erosion resistance of the spiliway within 90 days .
Although the spiliway is not “seriousl y inadequate ” , future consideration
should be given to enlarging the spiliway .

3. Repair the upstream slope and provide new riprap erosion
protection.

4. Develop , within 30 days , a detailed emergency warning system to
notif y the downstream area of any impending danger , and determine , those
areas subject to inundation from a dam break flood wave .

5. Establish an inspection program to monitor conditions of the dam.

6. Maintain a file of all available documents pertinent to the
design , construction , and operation of the dam .

Until such time as the above recommendations can he implemented , during
heavy rains the owner should provide for round-the-clock survefllan ’e of the
dam and prepare to implement the warning system procedures recommended in
paragraph 4 above .

APPROVED: Original signed by:
Prepared By:

ç~~~~ w~~~~~~~~ 
Douglas L. Haller

D a  s L . Hailer

________________ 

Colonel , Corps of Engineers
r~~ 1c~’~. R’ ERT S District Engineer
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Original ~~~~~~~~~

Submitted By: JAMES A. WALSK
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PHASE I INSPECTION REPORT
NATIONAL DAN SAFETY PROGRAM

NAME OF DAN : Rural Retreat Dan ID ~: VA I9TO I

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 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 dams in the State of
Virginia. Gilbert Associates , Inc . has entered into a contract with the
Norfolk District to inspect this dam , Gilbert Work Order 06-7250-001.

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 I of Appendix VI) and contract requirements between Gilbert
Associates , Inc . and the Corps of Engineers . The objectives are to
expeditiously identify whether this dam apparentl y poses an immediate threat
to human life or property , and to recommend future studies and any obvious
remedial actions that may be indicated by the inspection.

1.2 Project Description

1.2.1 Dam and Appurtenances: Rural Retreat Fishing Lake Dam is a
41-foot high , 595-foot long , zoned earthfill dam with a clay core .

The upstream slope is at 3 horizontal to 1 vertical and the downstream
slope is at 2-1/2 horizontal to 1 vertical. The top width was measured to
be 17 feet. The existence of a central clay core is inferred from a 1970
soils report included as Appendix IV. The actual configuration of the
embankment cross-section is unknown .

A 100-foot wide emergency spillway is located at the right abutment.
The spiliway has a 10—foot wide , 8-inch thick reinforced concrete ramp
spanning its width at the crest.

The approach channel and emergency spillway chute were cut through the
right abutment slope. The channels are unpaved and consist of in-situ
soils. About 20 percent of the channel surface is lightly covered with
weeds a n d grass .

Normal overflows are handled by the principal  spil iway which consists
of a re inforced concrete tower located at the upstream toe of the dam . The

—1—
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struct ure is open at. the top and on one s ide  ar id has s to p log  slots provided
so t hat the reservo I r I eV e 1 can he va r ied  by t he renlova I of t h e  boa rds
When the reservoi r  ex c eeds a ce rta in leve l , in ~~

— inch co Id wal er i n l e t  a

draws o f f  w a t e r  from a lowe r depth. At the base of the pr inc ipa l sp 11 iway
towe r a 20—inch in I et a rid va I VC has been p rovi (led for (Ira i iii rig t h e
rese rvoi  r. The va lve  is (-0111 rol led from ti re sur fac e by a va lve wheel
connected to the va l v e  w i t  Ii a long rod. Both the pr i n c  ipa 1 spill wi y and the
bottom in~~et discharg e into a 30—inch re inforced concrete pipe (RCP) . T i re
30—inch pi pe leads to a r( ’ inforc ed concrete masonry seine box (see drawings
in A ppendix I), which serves to hold f ish , deliver water  to the minnow pond ,
or discharge into the dow nsi ream channel. Tire minnow pond is located
immediately downstream of the dam toe , to the left of the strea m .

1.2.2 Locat ion : The dam is construct ed about 100 yards west of
Virginia Route 749 , across part of the South Fork of Reed Creek drainage , in
Wythe County, Virginia.

1.2.3 Size Classification: The darn is classif ied as intermediate
in size based upon the reservoir hei ght of 41 feet and a storage volume of
2,266 acre-feet , in accordance with Section 2.1 .1 of Reference I of Appendix
VI.

1.2.4 Hazard Class i f i ca t i on :  Approximatel y 20 homes are located
along the stream for about 4 miles below the darn . Based upon Section 2.1.2
of Reference 1 of Appendix VI , the dam should be classified as a hi gh
hazard potential. The hazard classification used to categorize dams is a
function of location only and unrelated to the stability or probability of
failure.

1.2.5 Ownershi p: The darn is owned and operated by the Commonwealth
of Virginia , Commission of Game and Inland Fisheries , Richmond , Virg inia.

1.2.6 Purpose of Dam: Rural Retreat Fishing Lake serves as a
recreational area for boating and fishing .

1.2 .7  Desi gn and Construction History : The dam was desi gned for
the Commission of Game and Inland Fisheries by R. S. Hunmel Associ ates of
Richmond , Virginia in 1967. The hydraulic design of the intake structure
and spillway was supplied by the Game Commission , but the origin of th e
design is unknown .

1.2.8 Normal Operational Procedures: For norma l operating
conditions , the principal discharge structure is desi gned to maintain a pool
level at elevation 2508.8 m .s .l . Operation of the reservoir is (lone by
controls in the principal spiliway tower. An opening (5.0 feet high by 3.9
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feet wide) at the to p o f the s t ruc ture , wi th  removable 2—inch  by 8-inch
boards , allows the pool elevation to vary between elevations 2508.8 feet and
2505.1 feet nn.s .l .

1.3 Pertinent Data

1.3.1 Drainage Area: The dam controls a drainage area of
approximately 3.34 square miles.

1.3.2 Discharge at Dam Site: Maximum flood at dam site is not
known .

Principal Spillway :

Pool level at emergency spillway crest 122 c.f.s.
Pool level at top of darn 132 c.f.s.

Emergency Spillway :

Pool level at top of dam 5740 c.f.s.

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

(
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Table 1.1 DAN AND RESERVOIR DATA

Reservoir
Elevation Capacity

feet Area Acre— l~ater Length
Item m.s . l .  acres feet Shed inches miles

Top of Dam 2518 .0 136.0 2266 12.7 1.1

Max. Pool , Design 2514.0 114.0 1800 10.1 -

Surcharge

Emergency Spillway 2510.8 96.0 1431 8.0 -

Crest

Principal Spillway 2508.8 85.0 1250 7.0 1.0
Crest

Streambed at 2475.0 - - - -
Centerline of Dam

I-
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SECTION 2.0 - ENGIN E ERING DATA

2.1 Design: Two sheets of plans and details of the dam by
R. S. Hummel and a flood routing by ‘ot hers ” were provided by the Commission
of Game and Inland Fisheries . The hydraulic design of the intake and
spi llway was provided by the Commission of Game and Inland Fisheries for the
original  design of the dam ; however , the source and whereabouts of this data
are unknown .

The flood routing is inconsistent as to the level of the spillway , the
storage capacity of the reservoir , and the discharge characteristics of the
spil lway. The routing may have been based upon a prelimina ry design , but it
is not correct for the dam as it was built.

The Tinsley Mack Geologic Report to the Virginia Commission of Game and
Inland Fisheries (Appendix IV) states that the dam is underlain by dolomitic
limestone interbedded with red and gray sha le which is generally hard and
compact with pockets of weathered rock.

Shallow residual soil occurs on the left abutment , and shallow alluvial
soil (4 to 9 feet) on the flood plain of the valley between the abutments .
Colluvial soils occur on the right abutment up to 18 feet in depth.

A geologic study and soils analysis of the site were performed by
Froehling and Robertson in 1970. Copies of these are provided in Appendices
IV and V.

The Froehling and Robertson s tudy was commissioned because the dam was
showing signs of piping . The exact nature of the seepage and its location
were not specified , although the spillway was singled out as the main
prob lem area.

Five borings were taken through the core of the dam and in the
spillway . The analysis of the soils and the boring program are in:luded in
the Froehling and Robertson report. The testing program showed that the
clay core of the dam was not, uniformly compacted. The moisture content
varied from 6.9 to 42.5 percent and the soil density as indicated by the
standard penetration test ranged from 5 to 22 blows . In spite of these
findings , the main problem was attributed to seepage through bedding p lanes
of the rock under the spillway and underneath the embankment . A stability
analysis was performed and it. is discussed further in Section 6 .0 .

( A number of recommendations were made in the Froehling and Robertson
report but the only one which was carried out was the app lication of a clay
blanket on the right abutment and embankment surface in the sp iliway area.
According to the owner , this action proved ineffective in reducing the
seepage flow rate .

-5-
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According to the owne r , the final solution to the seepage problem in
the spil iway was the installation of a drain p ipe.

This arrangement was apparently devised by the owner and the town of
Rural Retreat. The pipe is connected to the town ’s water system and the
seepage is collected and used as part of the town ’ s water supply. There are
no records of this work.

At the time of this inspection , no seepage was found in the spiliway
but sr-one seepage was observed at the base of the dam .

2.2 Construction: A correspondence file on the design and
construction of the dam is available at the Game Commission office in
Richmond , Virginia. No other records are available.

2.3 Operation: Records of reservoir operation are not kept.

2.4 Evaluation: The plans appear to adequately represent the dam
as constructed except for some changes to the principal spi liway. The
spillway tower was accessible only by boat so the exact nature of the
changes could not be determined.

(
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SECTION 3 - VISUAL INSPECTION

3.1 Findings : The downstream slope of the dam has well
established vegetation , including several small trees (approximately 10 to
15 feet high) near the left abutment , and one tree at the dam center , near
the one-third point along the slope . In addition to the trees , several
ho les burrowed by animals were also seen in the abutment area. A comp lete
fai lure of the riprap along the shoreline has resulted in severe erosion of
the upstream face.

The erosion has formed a flat bench in the embankment at the waterline
on the upstream slope. It runs along the entire upstream face of the dam.
A photograph of the erosion is included in Appendix II.

The entire area at the base of the dam on the downstream side is ve ry
flat and consists of a large minnow pond to the left of a stream and a
mars hy area to the right. The minnow pond is shown on the plan drawing in
Appendix I. The marshy area occupies the entire area to the right of the
stream out to the end of the spillway. The seepage was estimated to be
approximate ly 10 g.p.m.,  at a temperature of 60 F. The seepage area was
distinguished by heavier vegetation growth with marshy characteristics.

Eff luent from the seine box discharges into Reed Creek , which then
passes under Route 749. The creek is a small channel , 2 to 4 feet deep ,
with vegetated , stabi lized slopes. Flow was estimated to be 750 g.p .m.

The appurtenant structures consist of the principal spillway, the seine
box and ramp , the emergency spillway , and the minnow pond . The principal
spiliway and intake tower were access ible only by boat. We did not operate
the valve but were told by the owner ’s representative that it functioned
normally. The valve wheel had been removed by the owner to prevent
tampering . The seine box and ramp , which consist mainly of concrete masonry
block reinforced internally with steel and concrete , were disintegrating and
in need of repair. Specifically , the front face adjacent to the 30—inch
discharge line was broken away , with the steel reinforcement and portions of
the concrete fill exposed . Also , segments of the seine box retaining wall
were separated from the backfill material , probably because of freeze-thaw
action.

The emergency spillway (consisting of an approach channel , a 10-foot
concrete spiliway crest 100—feet wide , and a discharge channel) was
genera lly in need of repair and maintenance. Most of the channel reach was
sparse ly covered with vegetation , with the downstream reach having gullies 1( to 2 feet deep (the gullies appear to have been formed from rainfall runoff ,
rather than from actual use of the spillway) . The concrete spillway crest
showed some spalling and also had some weeds growing at the bottom of the 2
horizontal to 1 vertical side slopes.

—7— 
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The emergency spillway channel was unpaved and appeared to consist of
erodable natural soil , the same type of soi l that has already been gu1l~ed
in the exit channel.

The minnow pond had well-vegetated slopes with no apparent seepage or
sloughing . A 6-inch iron pipe was found exiting from the embankment at the
base of the dam , leading to the minnow pond . Although evidently some type
of drainage pipe , it was completely dry . The pipe was not shown on the
plans .

3.2 Evaluation: From visual observations , the dam does not
appear to be in an imminently dangerous condition but is definitely in need
of early repair and maintenance. Of first priority is repair to the
upstream slope and providing adequate riprap protection before any further
erosion occurs. The emergency spillway design does not appear to have
adequately allowed for the
effects of erosion under the condition of high discharge . It is highly
probable that the natural soils forming the crest and channel bottom of the
spillway would be fully or partially eroded under a severe discharge
condition , and the integrity of the adjoining part of the earth embankment
may be seriously affected. Moreover , the stability of the cut slope at the
right abutment may also be affected . The trees , br ush , and burrow holes
could present a threat to the dam by providing passages for piping erosion
during periods of high water level. Repairing these items should be part of
a regular maintenance procedure .

The seepage , while covering an extensive area below the dam , did not
exit above the toe of the embankment and did not appear dangerous . Several
small drainage ditches leading from the seepage area to the creek would
improve the conditions at the toe of the dam and also allow a better
estimate of seepage rates.

(
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures: The normal water level in the lake is regulated
by the overflow elevation set at the principal spillway intake tower. By
removing or adding stop boards , the water elevation can vary between
2505.1 feet m.s. l .  to 2508.8 feet m.s . l.

During normal operations , water is drawn off the surface into the
intake tower (which also has a deep !Icold water ’ inlet pipe) and discharged
into the seine box , via a 30-inch RCP. The seine box , in turn, discharges
into both the minnow pond and Reed Creek.

A 20—inch valve at the base of the towe r can be used to drain or lower
the reservoir. We did not operate the valve but were to ld by a
representative of the owner that it functions normally.

4.2 Maintenance of Dam: At present , maintenance of the dam
appears to be minimal. The walls of the seine box are in need of repair ,
the downstream embankment has overgrown vegetation and animal-burrowed
holes , the emergency spillway channel is extensively eroded (along with the
spal ling of the concrete spiliway crest) ,  and the upstream dam embankment
requires riprap .

4.3 Maintenance of Operating Facilities: None

4.4 Description of Any Warning System in Effect: No warning
systems are known to exist.

4.5 Evaluation: The maintenance procedures for this dam are
generally inadequate as indicated by the deficiencies outlined in Paragraph
4.2.

—9—

I 

~~~~~~~~~~~ • .~~~~~~~~- - - -- —-~~~~~~~~~ -~~~~~~~~~ 



-—

SECTION 5 - HYDRAULIC/HYDROLOGIC DATA

5.1 Design: The only hydraulic design datum is a graphical
routing procedure , the source of which is unknown. The routing may have
been based upon a preliminary design because severa l parameters are
substantially different from what is presented or. the plan drawings.

5.2 Hydrologic Records: None

5.3 Flood Experience: It was reported by a representative of the
owner that there have not been any significant f loods at the dam since it
was constructed. (It was noted that the parking lot of a concession area at
the upstream end of the reservoir is flooded almost every year.)

5.4 Flood Potential: The spillway was designed to pass a
100-year flood with 4.7 feet of freeboard. The 100 year flood level was
recalculated for this study and is presented along with the probable maximum
f lood (NIP), and the one-half PMF levels in Table 5.1. These analyses
pertain to present hydro logic conditions and do not consider future
uncertain conditions , such as urbanization or other changes in the
watershed .

5. 5 Reservoir Regulation: There is no regulation procedure .

5.6 Overtopping Potentia l: The NIP, one-ha lf the NIP, and
100-year f lood hydrographs were developed for the Rural Retreat Reservoir
drainage basin and routed through the reservoir. Table 5.1 summarizes the
results of this procedure.

The hydrographs were developed and routed by using the }LEC-1 computer
program (Reference 2 of Appendix V I) and appropriate precipitation , unit
hydrograph , and storage volume versus outflow data as input . The triangular
unit hydrograph was developed from the drainage area and estimated time to
peak (Reference 2 of Appendix VI). Probable maximum precipitation and
100-year precipitation data were obtained from U.S. Weather Bureau
publications (References 3 and 4 of Appendix VI) .

Information from design drawings was used to compute the
storage-outflow relation. Losses were estimated at an initial loss of
1.0 inch and a constant loss rate of 0.3 inch/hr .

Appropriate reduction factors were applied to the NIP in accordance
with the Corps of Engineers ’ directive and guidelines.

-10-
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TABLE 5 .1  - RESERVOIR PERFORMANCE

Flood
One

Average Percent NIP
Item Flow (a) 1/2 PMF (b)

Peak Discharge , c . f . s . :
Inflow - 4860 8 ,130 16 ,300
Outflow - 1560 4 ,530 13 ,150

Peak Elevation, feet m.s. l. 2513.6 2516.9 2519.9

Principal Spillway:
Depth of Flow , feet - - -
Average Ve locity, f .p .s .  25 27 28

Emergency Spillway:
Depth of Flow , feet (c) 1.8 3.8 5.7
Average Velocity , f .p.s.  7. 5 11.1 13.6

Non-overflow Sections :
Depth of Flow , feet (c) - - 1.2
Average Ve locity, f .p.s.  - - 6.2
Duration, hours - - 2.2

Ta ilwater elevation, feet m.s . l. - - -
Notes:

(a) The 1 percent exceedence frequency flood has one chance in 100 of
being exceeded in any given year.

(b) The P?IF is an estimate of flood discharges that may be expected from the
most severe combination of critical meteorolog ic and hydrologic conditions
that are reasonably possib le in the region.

(c) Critical depth.

—1 1—
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5 .7  A volume-elevation curve was not available for the reservoir ;
so , in order to estimate the hydraulic head on the outlet , the head was
assumed to vary as the cube root of the storage volume, being equa l to the
head at normal pool elevation for a full reservoir and equal to zero for an
empty reservoir. Using this assumption , it will take approximately 11 days
to empty the reservoir , assuming the reservoir is initia lly at normal pool
e levation and has an inflow of 4.3 c . f . s .  H

5.8 Evaluation: The screening criteria for assessing the
adequacy of the spi llway design flood allow essentially no risk of loss of
life from dam failure by overtopping. Experience indicates tha t very few
existing non-Federal dams were designed with such conservative criteria.
Therefore , the Phase I inspection findings will indicate noncompliance with
the spillway design flood screening criteria for most non-Federal dams . In
accordance with Corps of Engineers ’ Engineer Technical Letter 1110-2-234, a
further classification is required based upon the percent of the NIP flood
passed by the spillway before overtopping occurs , and the consequences of
the dam being overtopped and failing. Based upon these criteria the
spillway may be further classified as “seriously inadequate .”

The results of this study found that the spillway capacity was
suff icient to pass up to 62 percent of the PNF before overtopping of the
dam . The P~iF would overtop the dam by 1.9 feet. Based on these findings
the spillway is classified as inadequate , but not “seriously inadequate .”

—
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SECTION 6 - DALI STABILITY

6.1 Stability Analysis: In 1970, the embankment and foundation
were investigated by the firm of Froehling and Robertson because of
suspected piping under the embankment spiliway. The investigation included
core borings and a stability analysis. Their report found the dam
“acceptable under marginal conditions ,” but recommended several corrective
measures including a toe drain , an upstream clay blanket , and repair of the
riprap . The body of the report is presented in Appendix IV and their
stability analysis is in Appendix V.

The stability analysis was based upon the soil properties of samples
taken from the core of the dam . The results of the borings revealed widely
varying soil properties indicating a poorly controlled placement of
materials. The computed factor of safety was 1.1. Review has determined
that the slope stability analysis is not acceptable and should be performed
again . Comments on the analysis are included in paragraph 6.3.

6.2 Foundation and Abutments: Two geologic studies are available
for the site. One is an undated report by the Commission of Game and Inland
Fisheries . The other is a portion of the report referred to in paragraph
6.1. Both reports are presented in Appendix IV. All of the comments
concerning foundation materials and analyses are based upon the findings of
the Froehling and Robertson Report.

The spillway was formed by a cut through the right abutment of the dam
and lies in natural soils. As shown in the Froehling and Robertson Report
(see Appendix IV), borings in this area showed high water movement through
the shale in the spillway, interbedded layers of pervious strata , and
moisture contents ranging up to 60 percent . The dam lies above nearly
vertical strata of easily weathered rock , with the bedding surfaces passing
from the upstream side of the dam to the downstream side . The quality of
the rock was described as “usually poor.” The opinion of the authors of the
report was that these strata provide excellent channels for the passage of
water and were apparently the source of seepage below the dam and in the
spillway . It was also their opinion that the channels would increase in
size as the easily weathered rock deteriorated from contact with water. In
1970, the seepage was estimated at 7 g.p .m. Our inspection found seepage at
about 10 g.p.m.

6.3 Evaluation: Based on the available soils data as reported .
the condition of the foundation and embankment materials is such that it
would be impossible to accept the dam as stable without a great deal of
further studies. It is believed that the stability analysis was not
pe rfo rmed co rrectly and did not examine a full range of poss ible failure
modes.

-13-
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A summary of the review of the Froehling and Robertson ’ s sLi bilit y
analysis is listed below :

a. No basis was given for the soil parameters used in the anal ys i s .

h. The ana l ysis assumes the same soil parameters for the en tire
failure surface , neg lecting the differences in properties of the shell , the
core and the foundation strata.

c. There is no indication that more than one fai lure sur face  was
examined. The circle used may not have been a critical failure surface.

d. In computing the weig hts of circle segments the unsaturated
weights were used in portions assumed to be saturated.

e. In conput ing the frictional resistance along the slip circle , the
total soil wei ght was used rather than the effective weight.

f. in computing the term “R sin e” the first three values should have
been negative .

g. The rapid drawd own condition was ana lyzed for the downstream s lope
of the dam rather than the saturated upstream slope.

h. The assumption regarding the phreatic surface is too approximate.

Apparently only one of the Froehling and Robertson recommendations wi s
carried out. It. was reported by a representative of the owner that the
upstream clay blanket was installed on the right abutment and a portio n of
the embankment and proved ineffective in reducing the flow . Instead of the
recommended toe drain , a ti]e collection system was installed in the
spiliway and the water was incorporated into the water system of the town of
Rural Retreat. Plans and details of this work are not available. At. the
time this inspection was made , there was no seepage apparent in the sp iliway
area . The upstream slope of the dam is still heavily eroded.

The questions related to the stability of the dam indicate that the dam
could be hazardous depending on conditions and it should receive immmediate
attention , from the standpoint of repairs and investigation and analysis.

The dam is located within Zone 2 on the Al germissen Seismic Risk !iap of
the United States (1969 edition) and there are uncertainties with respect to
the static stability of the dam , as described in paragraph 6 .1 .  Therefore ,
in accordance with paragrap h 3.6.4 of Reference 1 of Appendix VI ,
assessments should be made rega rding seismic stabilit y, based on the studies
outlined in paragrap h 7.2.

—14 —
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SECTION 7 - ASSESSMENT , RECOMflE NDATIONS/ REMEDIAL MEASURES

The assessmeiit , recommendat ions and remedial measures contained in this
Report are based on the provisions of Appendix VII , Conditions.

7.1 Dam Assessment: The visua l inspection revealed several
deficiencies which are pri m arily the result of poor maintenance. However ,
more serious is the deficiency in desi gn reflected by the ri prap failure and
the spillway.

The spiliway was found to have a capacity sufficient. to pass 62 percent
of a PMF . Althou gh this is inadequate according to the Corps of Eng ineers ’
guidelines , it is not considered “seriousl y inadequate. ” The primary fault
with the sp illway is that it is not designed with sufficient consideration
of the erosive capacity of a high velocity discharge . There is a good
chance that under a large discharge flow severe erosion would occur.

Particularly disturbin g is the soils test report (Appendix IV) which
found evidence that the core materials were not compacted properly and that
the dam is founded on a poor foundation.

Those features of the dam which were visible to inspection were found
to be in poor condition and in need of repair. Those features less visible
but identified in the soils report could be the indication of a hazardous
condition which should be anal ysed and corrected immediatel y.

7.2 Recommendations and Remedial Measures: The following actions
are recommended for the owner ’s consideration to improve the safety of the
dam:

a. Stability Ana~ysis: It is recommended that the owner obtain the
services of a qualified consultant to re-evaluate the embankment stability .
This work should be comp leted within 90 days of receipt of this report.

b. Spillway Protection: The spiliway should be protected against
erosion and slope instability. It is recommended that the owner enlist the
services of a consultant to design an erosion resistant covering for the
spillway crest and chute. The spillway capacity was not found to be
“seriousl y inadequate ”, but future consideration should be given to
enlarging it to meet the PHF design flood criteria. This work should be
carried out in conjunction with the recommendation of paragrap h b.

—15—
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c. Slope Repair: The upstream slope should be repaired and new
riprap installed on the slope . This should be done within 90 days .

d. Warning System: A detailed emergency warning system should be
developed as soon as possible to notify downstream inhabitants of an
impending dam failure . In order for the warning system to be effectively
applied , a study of the downstream area should be made so that the areas
subject to flooding as a result of a darn break can be identified.

e. Inspection Program: It is recommended that the owner establish a
semi-annual inspection program to monitor the conditions at the dam.
Particular attention should be given to monitoring seepage rates and wear of
the riprap on the upstream face of the dam .

f. Design Documents: A complete set of available design documents
should be maintained by the owner. These files should include available
design drawings , calculations , pertinent correspondence , and maintenance
records .

-16-
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- Commission of Came &
Inland Fisheries
Rictunond , Virginia

Dam Site Wythe County Lake Dam

Location: 2~ mites southeast Rural Retreat
t-~ythe County , Virginia

General Geology

The proposed dam at Wythe County Lake is located in the
Appa lachian physiogr aphic province. It is 2~ miles southeastof Rural Retreat , Virginia on the head waters of Reed Creek.

The rock underlying th~ proposed site is port of the~~.pmeformation. This formation here is composed of tight gray
doloinit&~.1inestone interbedded with red an-i gray shale . The
formation here Occurs on the eastern limb of n gentle double
plunging anticLin’~. The attitude of the beds is ~ .55° £ and
460 E. The rock is generally hard and compact with zones of
weathered rock present in pockets below the top of rock.

The stream pattern is trellis with a dendritic pattern developing
in the broader valleys . The stresma are strongly entrenched.
The valleys are generally broad in the softer limestone arid
shale rocks.

Residual cotluvin ]. and alluvial soil is present . Deep resl’tu.al
soil occurs on th e higher hills in the valley areas . These
hills are flat. They ore part of the HarrI~burg or valley floorpeneptane . Such a gentle flat top hill occurs above the right
abutment of the dam . The steeper slopes that slope d own to the
streams have shallow residual soil. Cotluvia]. soil is present
on the gentle slopes that extend from the flarrisburg penep lane
surface. Shallow alluvial soil is present in the stream valleys .

Centerline of the Dam

The left abutment on the centerline of the dam is on a steep
slope . Shallow residual soil occurs here . This slope extends
from station 4+50 to the top of the dam.

Shallow alluvial soil is present in the flood plaIn area on the
dam centerline . This area extends from station 1+60 to station
4+50 on the centerline of the dam. This alluvial soil consists



- - 2 -
of red brow-n sandy silt (ML) that ranges in depth from 4.0 to
9.0 feet. It is of medium strength and moist with thc water
table occuring generally above the top of rock.

Deep colluvial soil occurs on the gentle slope of the right
abutment . This is red brown silt (1!L) tha t ranges in depth to
10 feet. This cotluvlal slope is present from station 1.60
on the centerline of the darn to the top of the dam .

-____
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Oc t obe r 29.  1970. S

/

- -  P.~iIors. :2~j. v - /5 :-)- I )

- 
Repo rt o f :  i~~ si siui d l. .th i r s t c i r y  l nvvs t 1Jt ion -

lio de for C .r.~~~~ws.- ,i I th of Vi r~ n i
Lu.mnis-c on o~ Game and In l a nd Fi.hc r ie s -

Box l l l0~s
R i c h m o ni , V ~ i n i a  2323 0

- Attent io n : Mr. a. R . M M l I  - -

- 
- Ch ief Eng ncc r

- P r oj e c t :  5 ur.1l lc-trea: Fkhing Lake
? , o r o s  R et r e a t . ‘fl r g i n i a

- - 
- .p.,n au th ori z a ti o n from Mr. C. R . M i l l s , Ch i e f  ~ngin ecr of the Commission or

- - - ~.r.u lnl.a~d F~~ her e, . ~ f e ld t r p  .-.as r~a.... to tnc acs o~.e cam S i t e  to i nv eSt i~~a:c

- 
- 

on ex i s t i n~, d....i OnOC w.ss showing s i gns of p pmn ~,. The ob~.ervati on ~~~ or~ t i i i s  in i t i, , l

- - - 
tr p led to t he  e s t a o l i s ~ rnent of a t es t i ng  prograni for the CAr-i.

- 
- Tn~ res.. t5 of tne testing pro gram ~n~~se~ t hat thc clsi / core 0r ~~~ ec;;. d iø  n3L_ .

- ex st in a very nomogenosss conoi ti on , as a pro pe rly conr.roUeo and constr ~.c~ec co re

$MQu~d. The degree of compa ction and moistur e content s va.~ieo wi d cl y . Stanaaro

pena t ra ti on ;e~~t r e .s u l t s  v at  led from 5 to 22 b I~~ss. T ;,~ Sta ~c.aru ?o.~~trat iOn T,:~~~

-~~ 
- 

gives vul u cS i n d i C . I t i n g  t he r e l a t i v e  d e n s i t y  of the so i l 5 . M o i sture cun teats V ar i ed

from 42.5~ to 6.9~.

Laborat ory tests 4S li ~~tg d la t e r on sht~ Lh~ s o i l S  in ~~ c) re to oe

- 
- a C .L. Thi ’. mate r al is w e l l  su i ted for i t s lntcndt ~ti use. f~ ~c.c~et . f . M . r-.,~~~r,.,

- - 
was foun.~ ove rl y in g mnck in borin g No.5. Tnis is a m.lrg iaal m a teri a l caf hi ., s —

- - porm e oi i l i t y  and la.. sh~-ar strength. A pock et of M .L. -C .L. c.~ t e r i a i  w.,~, en cou n ter cu

- in Bor ing No.1. This rndter ia l  should a l s o  oc r e l a t i v e l y i m p e r v i o u s .

~~~~
“ :~~~
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~~.’; ~~~~. ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
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Thc avera.,e percerctsiqc of Con~~ictlon in the dam ran~~s be tcacen 70 to 50~ of a

standard pro ctor. Normally 9O~ c~ icpaction would b~ required for placeme nt ~f a core.

Moisture contents rant ,e from approximate l y Optimum m o iS tur e to w e ll aoove tn ’s.

ho s t moi stur e cont ents however , do appear to be close to op tim um moi s ture . Tc~,t~

on a compos i te C.L . samp le from the core show .i maximum den si ty of 112. 3 lbs cubic

f t. and optimum mois ture of 21.32 MSHO T-99. -

- Pressure tcs tin U of the rock in the 3 dam borings showed low to moderate wctc r

loss and do not p resent a prob l em .

Based on the data available for the dam itself , we fi nd the dam to be acceptable

under marg i nal conditi on s. However , the foll ow ing corrective measures shou !~1 Dc

~ take n. 
-

- A toe arair. as ori g i n a i l y  ca l led  for in th e ~la ncs shoul d~~~~aaoec~

- -The purpose of this drain is to provide toe restraint ana to act

- to lower tne Ph reat i c Profile. The toe dra i n should incorporate

featur es of a grad ed f lter to prevent loss of fine s from the dam.

- - - This should be constructed after the 
~~~~~~~~~~~~~~~~~~~~~~~~~ -

- -all ow ed to s it (or soire period of time to allow for dis;ip at ion 
—

~

- 
of neutral s t r e s s .  Th~ purpose of th i s  i s  to prevent ar~~~~o io Lj -i~;y

of devel op r.ent of -a cr i tical h ydrau li c gradient at whic4~~tue ,. f e ~ t’~ve~

‘~~tress-- -6 the ei~ -fnLsts~~ tnter g ran u la r ~rqss~ re~. he~c~os .C~~~,...~~4e;cp

leve l in the dam snou ld be l owered sl owly ove r a period of time .

- 
A wave cut bench was also noted on :hg upstream face of the dam indicat ing the

p resence of insufficient r ip rap . - - - -

- : The two borings ma de in the ~p i l l w a y  area show th~ main problem to e x i s t  here.

Th~ sp i l i w ay  w as reported to be natural ground that was onl y cut t grad e . It is

prob able th a t construct ion activity in the cutting of the Dam Keyw~y opene d u~

the bedding planes in the sriale. - 
-

Ground w3Lor movemon t here based on the re sults of the rock pressu re testin g
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gave wat e r n~~vens~nt up t o 19.25 ft per day. T h i s  iS ex ce ss i ve .  ~o~ s tu r C  COfl t~~its

of the s o i l  w e re also hi gh rang ing up to 6O~ in .1 soft pl as ti c clay .

Var ious cor re c t ive  measures to correct the exc essiv e wa ter leak age nave beet-i

inve ~ ti goted . These includ ed grout Cu rtains , reilef weli c -a t tno the of the d,~m ,

Bentu ni td dui;;? ing intO thc res ervoir and upstrea m clay bl a nk e ts . R el i ef w~ l l ~ wc re

ruled o..t o-~ca use of the horizontal bedding of the sha le led ge rock.

There are no structura l fea tures in the rock that would provide a cu t o f t  and

no va li o assu mptions could be made on up or down dip wa ter movement. The onl y water

loss hi gn enough to i nd i ca t e  the p o s s i b i l i t y  of  a grou t take was in borings 8 & 9.

The use of a grou t curtain was also ruled Out due to the vert cal attiteje..o(. the

ledge rock. The B en t oni t si du :.p ing ne thod L~s r~ lea out because of the nea i --

vertica l cu t aion ,; one sid e of the lake .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ D~~~L 3olu tl on ~~~~~ ~èak e~~~ob cm .~~
T~c ernba~rent area should be stripped end brought to a slope suitable for the use

°t norma i earth movin g ecu pment. 
-

A l a ~er of cla y 2’ th i C k in its compacted state should be placed in the embay ment

ar,~a. Lcca l soils would provide a su itao l e clay fp C. ch i s ’~ urpo~e...- .ju *~
_
~_t~-~ y the -

- 
ma terials found in  the core . The local snales weathe r back ~~~~~~~~~~~~~~~~~~~~~~~~

be suffic entl y i nperviou s . The clay blanket shou ld be compacted to 50~ of AASHO
- . Me tnOd T-5~ . _ 

- - -

- 
- 

- GE~i.3~Y 
- — - -

- Abo..,t 2.5 miles south of the city of Rura l Re t rea t , Wyt he County,  V i r g i n i a , on

Sta t e Route 71,9, is  the South Fork of Reed Creek. Dra ina g e of this stream and its

t r i b u t a r i e s  is g e nera l l y in an ENE direction wnich largely follows tne rec~~ nsil stri K e

of the- uncerly ng Paleozoic rocks. Incision of the stream was no~cd to have prouucgd

a rel i ef of about 75 ~o 100 fc~ t end va l lcy s which are several hundred yards wide at

th eir cre s ts. Sma ll fl ood pl ains jre also deve lope d but seem to be more or lcss localiz e d

~ 

-~~~~~-~~~~~ - ~~~~~~~~~~~~~~~~~ - - 

j
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w ith  sediment fi lling a few feet thick. At the time of examination onl y a sm aM

-
- 

- - . volume of water was noted ifl the stream .

~~ )/me dam has been const ructed about 100 yard s wes t of S t a t e  ROut E 749 across

par t  of the South Fork of Reed Creek drainage. The dam , some 550’: long at  i t s  crest

i s  about (~~
7
~h ic ii at its maximum point and 250 ’ wide at i t s  base .  w ater , imp ounded

behind the structure , is reported to be about 30 fee t deep at the overflow stand p ip e .

- Mat erials used for the ear thern dam are sapro l ites from sha l es and s i l t s t o n e s  of

the Rome (Cambrian) formation wh i ch underlies and flanks the dani and thc lake in every

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ The Rome is a reddish—br ow n , easily weathered rock wh ich

b reakj~~ wn i nto a soft clay and ..sil t. Further mo re, the Rome has been sub jected, in —

the ancient past, to extens ive and intensive tectonic ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
not only til t e d and faulted it , along with all oth er Paleozoic  fo rmations in the

A~pala cnian ~Qtin_ La ins bu t al so have inte rnal ly deforme d i t .~throuqh drag-fold i ng bec~~~g— ..

of i ts  low comp e tency - or in ab i l i t y  to resist such deforma ti on . In add i t i on , the Rome

- - bees have , prob ably, i n many cases , acted reg ior .a ll y as gl i a e planes for the huge over-

thrust plates , generated ~y s o l i u T h~7i~hi ch I1pv~~CDfl t Orted it- s ti1l-—more --as. they

eve r—rode it during the times of thrusting. - - -  — - -

Consequ ently, today, af ter eros i on has removed the overI~’i n g e s f b e x p o s e - the

Rome forma tior ., i t mayb e seen to occur i fl narrow strike belts (from S~~ to h.Er and to

possess ve rtical or nearly vertical dips in many areas . The Rome ’s petrolo g ic and

- -
~~ tectonic incompetency has , in nany areas , detc ~min cd the position of streams which have

- - . 

- 
- Created valleys within the strike belts. The se are termed “subsequent ’ streams and

valleys because they are controlled by the strike of th~ underlying beds . such is thc

case at  the - dam across the Reed C reek drainage. . 
-

Outcrops in the vicIni t y  of the dam nave an average strike of N 660 ~~and a din

rang ing from about 600 to 90~ to the sout heas t~~...Ibe d4m , on the other hand , lies

squ arely across the str ike ~~~~~~~~~ less parall el to the dip di rec~io~~~and rests

upon Rome strata whi ch are near ly vert cal~~(77°); 4hu S-bedding -suriaCeS of tni e Rome

pass from the upstrea m side of the dam to the downstream side and aro ,bec ause of
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weatherine and probable constructio n activity ~ffe~ ts , exce ll ent Chmnriet s for t~.C

passage of water. But , with the dam , and impounding of the l ake water to a deptn

of at least 30 feet , great additional h ydrostatic pressure has been crea ted on the
- 
ver tical Ror.tc aeds forming the dam ’s foundation. App a r entJy, therefore , con si der eo le

- - leakage la ,  deve lo ped benea t h the darn and s p i l l w a y  through the above described

passages . - - - - - - 
- 

-

Observations made at one point at the i mm edi ate toe of the dam , on the downs tream

side , showed c l~ar water , at a temperature of 60°F. issuing from the f i l l  m a t e r i a l  at

--a rate estima ted to be about I cubic foot per minute. 0the-r--temp~raçure weas uremetrt~~
in - tne la ke,- an d from the ove.rf low s tCndpi pe lea kage also were~S0-F . T~Lts ,.~~ is

certain tha t such channeiways have developed , and , q uite li ke l y , w i l l  increase in

size due to th~ low strength of the Rome rock as well as to its rapid rate of break-

down~~in the pre’enc~ of water. -

- TESTI.\C Pc3Ca.~ 
-

- 
- -  A total of S borings were made on tno site as shown on the enclosea cross

sec tion and in c ividua l boring logs . The borings were made in conrorm ,ty w~th the~

follo wing standard procedures — So il Borings ASIM 0— 1586 , Core Bori ngs ASTh 3 Z l l 3 ;  -

Water Pressu re Tes t ing SCS Sp eci ?i cat h ns. All laboratory tests were also node i.

conformi ty witn ASIM specifications . Soils were classified on the basis of the Unified

- Soi Is Classification System. Moisture contc -~- s on individual soil samp les are shown

-Ofl tne cross seC tion. Pressure test ,~esii I t~ ih IOC~ are ShOw n in tabulated form.

- - - Labora tory Test Da ta -

Tes t on shale - 8’ cycles — saturating and oven drying

- - 1 day per cycle — total wt. loss 38 grams or

5Z of total w&ght.

- No noticeable volume change i.~ water

Shale appears to be a moderately dense compaction typo that w i l l

wewthcr back to a clay. 

—-~~~~~ _-~~~~~~~~~~~~~~ - - ~~~~~~~ ~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~
--- ——-
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At t ~ rberg L i m i t s  on Crushed Shale Soil Sample

Liq u id Li ,n it 18.7

Plastic Index N .P.

Soil Classif ication M.L. -

Bor ing No. Depth L.L. P .1. - Clas sifica t ion

1 19—20’ 4-7.2 25.5 - CL

3 4-5’ 40.6 17.4 CL. -

- 9 24-25’ 52.4 - 23.6 CII -

9 29-30’ - 3~4.5 12.8 Cl.

9 4-5’ 37.4 13.6 CL

9 - 19-20’ 27.5. SP

3 14—1 5 ’ - 24.4 ~~~~~~ 1?

8 
- 

- 
- - 

9— 0’ 25 .4  ~ .P . 
- 

ML

S - 24-25’ 
- - - 23.8 ~.P. SM

• - 
- 

- 
- 

- -  - 4—5 ’ 43.0 - 20.7 CL - 

- -

- I -~ 24-25’ 21.0 5.8.

3 - - - 35—36 ’ - 
- 29.6 8.8 .CL.

- The five tes t boring s made on the Site arc -
~~~~ t~ on the en cln sed print. - Boring

- I , 3 and 5 are located at Sta tions 0+00 , 2+00 and 4+00 along the crest of tne den .

- - Thg coring s made in th~ cen terline sect ion of the dam show consi cerao ,e variation

in the density and mo istur e Con tents of the soil inp lac o . The quality of thu rock on

w hich the Jam is founded a lso  var ies considerabl y but is usu a lly poor. A good sound

shale should g ive core recoveries of 50* or more. Core recovery in the fi rst ft v ~

fee t of the Core boring range from l6~ to 20*. The maxim um core recovery enco untered

was 60.. Part of the low core recovery however , was also due to thc nearl y 5G° ang le

of beddin g to the horizontal plan .. -
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Tho pas tern of joints , S~~ar zones and bedding In a rock ma~5 re duce the shear

strength and incre ases per me ability to a considerable extent at least in a direction

parallel to these d isco nt in u i tic S. Howeve r , wate r loss on pressure testin g was not

excessive and no problems in regard to shear strength of the. rock exist und er the

darn. -

The worst condition encoun tered was in Borin g Nos . 8 and 9 in the spill way area .

These two borings showed in te rbedded perviou s soi l strata in the soil p rofile. Rock

..ondi tion~ encountered were very similar to those discu ssed for borings on the dam

and the same conc lusi on s appear valid. - 
- . . — -- —-

- W ater loss on pressure te stin g.~was a t its hi ghes t her~ t i ~~~~~~~~ of 19.25

ft. per day. This i s  the only area where wat er . lncses ~~~~~~~~~~~~~~~~~~~~~~~~~

that some çrout take was poss ible. General l y, rock that .’upon wate r prv ~..-,rO. tcst in ~

will  take l ess than lQja llons p~ ~~n~~~ j.La
_ pjqssure..e~aaLJ n PSI ~ rhc_ Je pth of

the strata in _feet wil l  not accept grout..- As previo usl y d isc ussed , due to the ang le

of the ~~dd in c . we do not consider a grout curtain as being usable here .

- We apprec iate having the opportunity of workin g with you on t h i S  projec t . I~c

hop7 we have pre sented all data in log ical form.

/ Th. Profes sional Personnel workin g on this report co !isi -~teU u~ s’ci1 u’~n&y 
-

and John Thornton , Soi l Eng ineers , Dr. .A .~ C. Munyan and W .H . ‘1oce s~.~-~, En~~~~~~ ng

Geolog is ts.

- 
f If- you nave any questions, please contact the writer.

- Ve ry -truly yours ,

FRO (HL IUG C ROBERTSO N , L NC.

- W . H. Vo~els a ng, D i rector

- 

- - 
Foun da ti on Investi ga t ion

WHV /dw 
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APPENDIX V

STABILITY ANALYSIS

The following pages are a portion of the Froehling and Robertson report
presented in Appendix IV. Because of an extremely poor original copy much of

the figures are illegible but the basic approach and assumption should be
fa i r ly  clear.

A review of this material  has revealed numerous errors and deficiencies
such that the results of the analysis are not considered valid. A summa ry of
their findings is given in paragraph 6.3 of this report.

v-i
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ASSUMPTI O~IS

The slop. Stabi l it y ana ly s is Is based on the followi ng as Swr- p L. o ns :

(1) Rapid Dra~down h~s just occ urred

(This is th~ mos t seve re Co~d t i ~~)
(2) The so i l is s atu rated to elevation 2498

w ith a unit wei ght of 140 pcf. -

(3) The soi l above eleva tion 2498 has a moisture
conten t of 20* with a un it wei gh t of 110 pcf .

(is ) Cohesion (c) for the clay is 800 psf

(5) Angie of Internal frictio n 
~ ) for the clay is 6°

(6) Factor of Safe ty ~~~~~N Tan g
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APPENDIX VII

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 ’
“Recoimnended 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 safe ty 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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