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PREFACE

This report is prepared under guidance contained 1n the Recommended
Guidelines for Safety Inspection of Dams, for Phase ! Investigations.
Copies of these guidelines may be obtained from the Office of the Chief
of Engineers, Washington, D.C. 20314. The purpose of a Phase [ invest.-
gation is to ident:ty expeditiously those dams which may pose hazards to
human life or property. The assessment of the general condition of the
dam 1s based upon available dats and visuai inspections. Detailed in-
vestigation and analyses involving topographic mapping, subsurface
investigations testing, and detasiiled computational evaluations are beyond
the scope of a Phase I investigation, however, the investigation 1s
intended to tdentity any need for such studies.

In reviewing this report, 1t should be realized that the reported
condition of the dam 1s based on observations of field conditions at the
time of inspection along with data available to the inspection team. In
cases wvhere the reservoir was lowered or drained prior to inspection, such
action, while 1mproving the stability and safety of the dam, removes the
normal load on the structure and may obscure certain conditions which
might otherwise be detectable if inspected under the normal operating
enviromment of the structure.

It 1s 1mportant to note that the condition of a dam depends on
rnimerous and constantly changing internal and external conditions, and is
cvelutionary in nsture. 1t would be incorrect to assume that the present
condition of the dam will continue to represent the condition of the dam
at some point in the future. Only through continued care and inspection
can there be any chance that unsafe conditions be detected.

Phase 1 inspections are not intended to provide detaiied hydro.og.c
anu hydraulic analvses. In accordance with the established guidelines,
the spillway design flood 1s based on the eatimated "Probable Max.mum
Flood" for the region ({lood discharges that may be expected from the
most severe combination of critical meteorologic and hydroiogic conditions
that are reasonably possible), or fractions thereof. Because of the
magnitude and rarity of such a storm event, a finding that a spillway
w.li not pass the design flood should not be interpreted as necessarily
p ' ng a highly i1nadequate condition. The design flood provides a
measute of relative spillway capacity and serves as an aide in
determining the need for more detailed hydrologic and hydraulic studies,
.onsidering the size of the dam, its general condition and the downstream
damage potential.




PHASE 1 REPORT
NATIORAL DAM SAFETY PROGRAM

BRIEF ASSESSMENT OF DAM

Name of Dam: Cold Sulphur Springs

State: Virginia

Location: Rockbridge County

USGS Quad Sheet: Millbore, Virginia

Stresm: Cold Sulphur Springs Branch

Date of Inspection: 27 May 198}

Cold Sulphur Springs Dam is an earthfill structure approximately
250 feet long and 26.1 feet high. The dam is owned and maintained by
Mr. John C. Goodbar, Mr. Willis F. Edwards, and Mr. Harold F. Edward.
The dam is classified as & small size dam with a significant hazard
classification. The principal spillway is a concrete open channel
located st the right abutment., The emergency spillway is a low area
left of the dam used as an access road. The reservoir is used for
recreation.

Based on criteria established by the Department of the Army,
Office of the Chief of Engineers (OCE), the Spillway Design Flood
(SDF) is the 100-Year Flood. .The spillway is capable of passing 13
percent of the PMF without overtopping the crest of the dam. The SDF
will overtop the dam by 0.92 feet, reach an average critical velocity
of 4.5 feet per second, and pass over the crest of the dam for 1.5
hours. Overtopping velocities are not considered detrimental to the
dam. The spillway is adjudged as inadequate, but not seriously
inadequate.

The visual inspection revealed s seep on the downstream slope with
evidence of piping. Also a shallow 12-foot wide depression was noted
40 feet right of the seep. It is recommended that a geotechnical
engineering firm be retained within six months to evaluate the
possible piping and the cause for the 12-foot wide depression. It is
also recommended that within 12 months a regular maintenance program
be initiated to maintain the integrity of the structure,and correct
those deficiencies listed in Section 7.2,

N
Ay

Submitted By: Approved:
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SECTION 1
PROJECT INFORMATION
1.1 General:

1.1.1 Authority: Public Law 92-367, 8 August 1972, authorized
the Secretary of the Aramy, through the Corps of Engineers to initiate
8 National Program of Safety Inspections of Dams throughout the United :
States. The Norfolk District has been assigned the responsibility of i
supervising the inspection of dams in the Commonwealth of Virginia.

1.1.2 Purpose of Inspection: The purpose is to conduct a Phase 1
inspection according to the Recommended Guidelines for Safety
Inspection of Dams (Reference 1, Appendix IV). The main
responsibility is to expeditiously identify those dams which may be a
potential hazard to human life or property.

1.2 Project Description:

1.2.1 Dam and Appurtenances: Cold Sulphur Springs Dam is an
earthfill structure approximately 250 feet long and 26.1 feet high.
The crest of the dam is 14 feet wide at elevation 1449.0. The -
upstream slope is approximately 2 horizontal to 1 vertical (2H:1V) and
the downstream slope is 2.5H:1V.

Originally a small concrete dam was built on this site. This dam now
serves as the core for the earthfill structure. According to Mr.
Goodbar, the dam is keyed into the underlying shell rock. It is
unknown vhether or not there is a drainage system. There are no
foundation drain outlets. There is no slope protection.

The principal spillway is a concrete open channel located st the
right abutment. The spillway is 20 feet wide and the crest elevation
is 1443.0. A concrete chute with wing walls directs the flow to a
stilling basin below the toe of the dam.

The emergency spillway is an open area left of the dam used as an
access road. The crest width is 50 feet and is at elevation 1448.0.

A 20-inch gas line pipe passes through the dam at low level
enabling the reservoir to be drawn down. A 6-inch gate valve is
located at the downstream end of the pipe at elevation 1424.0.

1.2.2 location: Cold Sulphur Springs Dam is located about 0.5 miles
wvest of the intersection of State Routes 780 and 39 in Rockbridge
County on the Cold Sulphur Springs Branch of the Calfpasture River.

1.2.3 Size Classification: The dam is classified as small size as
defined in Reference 1 of Appendix 1V,




1.2.4 Hazard Classification: The dam is located upstream of two

homes and a lumber mill. Should a dam failure occur, lives could be
lost and property damage incurred. Therefore, the dam is given a
significant hazard classification, as defined in Reference 1, Appendix
IV. The hazard classification used to categorize a dam is a function
of location only and has nothing to do with its stability or
probability of failure.

1.2.5 Qunership: The dam is owned by Mr. John C. Goodbar, Mr. Willis
F. Edwards and Mr. Harold F. Edwards.

1.2.6 Purpose: Recreation

1.2.7 Des{gg and Construction History: The dam was designed with the
guidance of the county agent from the extension service of Virginia
Polytechnic Institute and constructed by Mr. John C. Goodbar and Mr.

W. Edwards. The dam was completed in 1960. There is no information
on the concrete dam. -

1.2.8 Kormal Operational Procedures: Operation of the dam is
sutomatic with water flowing through the principal spillway when the
reservoir rises above elevation 1443.0. Flows through the emergency

spillway occur when the reservoir rises above elevation 1448.0.

1.3 Pertinent Data:

1.3.1 Drainage Area: The dam controls a drainage area of 1.94 square
miles.

1.3.2 Discharge at Dam Site: The maximum flood observed was during
Tropical Storm Camille in 1969. Flow was estimated to be 3 to 4 feet
in the principal spillway.

Pool level at crest of dam

Principal Spillway cecceecececacocvanscacscascsaseass882cks
Eul'gency Spilllﬂy......-...o.-.-o.oo-...-.......--.1357Cf8

1.3.3 Dam and Reservoir Data: Pertinent data on the dam and
reservoir are shown in the following table:

TABLE 1.1 DAM AND RESERVOIR DATA

.

Reservoir
Elevation Capacity
feet Area Acre Watershed, Length,
1tem msl Acres feet Inches feet
Crest of Dam 1449.0 11.5 145 1.4 2000
Emergency Spillway Crest 1448.0 10.0 130 1.3 1900
Principal Spillway Crest 1443.0 6.4 64 0.6 1130

Streambed at Down-
stream toe of dam 16422.9¢+ - - -




SECTIOR 2
ENGINEERING DATA

2.1 Design: The earthfill dam was designed with guidance from the
county extension agent of Virginia Polytechnic Institute. However,
there is no available design information. There is no information on
the old concrete dam. Kowever, it is described as a concrete
structure across the stream with a rectangular notch for a principa)l
spillway.

2.2 Construction: The dam was constructed by Mr. John C. Coodbar and
Mr. W, Edwards, two of the present owners. The dam was completed in
1960. According to Mr. Goodbar, the 20-inch gas pipe, serving as a
low level drain, was placed in the rectangular spillvay of the
concrete dam. The downstream end of the spillvay was plugged vith a
bulkhead (headwall) and the dam covered with fill. The embankment was
constructed with a “clay type” soil borrowed from the reservoir. A
decomposed shale was placed on the embdankment for protection. Mo
foundation drains were constructed. The foundation «f the concrete
dam and principal spillway are keyed into the shale bedrock. There is
no construction information on the old concrete dam.

2.2 Evaluation: There is insufficient information to evaluate the
foundation condition and the embankment stability.

2-1




SECTION 3

VISUAL INSPECTION

3. Findings:

3J.1.1. General: The results of the 27 May 1981 inspection are
recorded in Appendix 1Il. At the time of the inspection, the weather
vas overcast and the temperature was about 70°F. The pool elevation
vas approximately 1443 feet msl or about normal pool. The tailwater
elevation was at 1422.9 feet msl. There are no known past inspection
reports availabdle.

3.1.2 Dam: The general soil condition was dry. There are no signs
of surface cracks, unusual sovement, or misalignment. There is
surface erosion on the upstream slope probably due to pedestrian
traffic and aggrevated by surface runoff. Also, on the downstream
slope, there is s depression, approximately 2 feet in depth caused by
a seep floving at » minimum rate of 1.1 gpm. A probing in the seep
indicated a very soft material to a depth of 2 feet. The seep is
located approximately & feet in elevation directly above the 20-inch
gas pipe serving as a lov level drain. The seep is possibly caused by
leakage slong the pipe where the bulkhead plugs the rectangular
spillvay of the concrete dam. According to Mr. Goodbar, the seepage
etarted shortly after the construction of the earth embdankment and has
not increased. There is an additional depression, about 40 feet to
the right of the seep. It is adout 12 feet in diameter and 1.5 feet
in depth.

There is an animal burrow approximately 30 feet left of the principal
spillway and halfway down the downstream slope. 1t is about 8 inches
in diameter and greater than 6 feet in depth.

There are trees and shrubs covering both the upstream and downstreasm
slopes. The trees are as large as 12 inches in diameter.

3.1.) Principal Spillway: The control section is a 20-foot wide
concrete weir which maintsins normsl pool. The concrete has some
cracking and spalling. The approsch channel is the reservoir. The
discharge channel is a 20-foot wide concrete chute directing flow to
the tailwvater beyond the downstream toe of the dam. The end of the
concrete chute is undermined abdout & feet on the right side. This was
prodbably due to an eroded channel down the right side of the principal
spil lvay.




3.1.4 Dravdown Outlet Works: The intake structure is submerged and
not observadble. The drawdown gate valve is located at the downstream
toe at about station 1400 as shown on Plate 3. The 20-inch gas line
pipe appears to be in satisfactory condition,

3.1.5 Enc:rrency Spillwav: The control section is in natural grount
to the left of the dan. A gravel access road passes through the
spillway. The spproach channel is a gravel road descending in
elevation and connecting to the immediate reservoir slope. The
discharge channel is a gravel road descending in elevation which
allows flows to pass to the dowvnstream toec area.

3.1.6 lastrumentation: There is no instrumentation on the dam.

3.1.7 Reservoir Area: The reservoir slopes are moderately steep and
heavily wooded. 1lhere are no signs of reservoir slope failures or
shoreline erosion. No debris was observed in the reservoir. There is
no available information pertaining to sedimentstion.

3.1.8 Dowvnstream Channel: The downstream channel is narrow with
moderately steep and heavily wooded slopes. There are some large rocks
and trees in the channel directly below the dam. Two homes are
located about 0.5 miles downstream of the dam. A lumder mill} is
located approximately one mile downstream.

3.2 Evaluation: Overall, the dam appears to be in good condition.
However, the seep on the downstream slope, and the depression caused
by this seep are sign of possible piping. This problem and the
12-foot wide depression 40 feet right of the seep are further
evaluated in Section 6. 1In addition, the inspection revealed certain
preventative maintenance items which should be scheduled as part of an
annual maintenance program. These are:

a. The trees and shrubs on both slopes should be cut off at the
ground surface. Any trees with a diameter greater than 3 inches
should have their root systems removed and subsequent holes backfilled
with compacted material and seeded.

b. A continuous program to control vegetative growth in the
emergency spillway channel and on the embankment should be instituded
as part of a regular maintenance program.

c¢. The animal burrow should be dackfilled with compacted fill and
seeded. ‘

3-2




d. The eroded arcas ea the upstrean slope should be dressed with
campacted fill end seeped.

e. A staffgage should e instelled in the reservoir 1o entend
above the top of the dmn.




sICTION &
OPERATIONAL PROCEDURES

4.1 Pixgdutey The no1mal storage pocl 18 164).0 ft. mel, which 19
the crest of the principel spillvay. The reservoir provides

tex teat.on. Galer posses gutamati.ally over the principal spillvay o
the reserIvoitl rioes obove eileval ion Jéa) . 0. Weter will also flow over
the emergeniy sp.lluay a8 the pan] tises above elevation 1648.0. A
20-1ach gas line pipe passes thiough the das ot lon level and exils
the 8 8t the dosnstieam toe of the dams. A S-inch valve located on
the dounstieam end of the pipe 18 svailadle to lower the reservolr
belos morms ! pes..

4.2 Ra:ntenance There 16 no regular maintenance program for Cold
Sulphur Sprungs Dam.

0.) & ing § e At present time, there is A~ sarning system ot
evecuation plan ior Cold Sulphur Sprinmgs.

a.0 Evaluation Tre des does not require an eladorate operational
and maintenance program. MNowever, a regular sasintenance program,
complete with documentation, should de developed. 1t is recosmended
that & forsal emrrgency procedure de prepared snd furnished to sll
operst ing personnel. This should include

8. MNow to operate the dam during an emergency.

B. Who to notify, including public officisls, in case evacuastion
fram the downsiream area is RECEBSATY.

6-1




SECTION
WYDRAULIC/WYDROLOGIC DATA

5.1 fgsige None were gvaeiladle.

5.2 Wydrologic Informatyen. Nove were availabdle.

5.3 [lovd taperience’ The sanimum flood observed was during Tropical
Store Camille in 1969, when flow 3 to & feet in depth passed through
the prancipsl spillway.

3.4 [Jlood Potentigl: The 100-year flood, 1/2 PNF, and PNF were
developed and routed through the reservoir by use of the HEC-108
computer program (Reference 2, Appendix 1I\) and appropriate unit
hydrograph, precipitation and storage - outflow dats. Clark's

Tc and R coefficients for the local drsinage area were estimated from
basin characteristics. The rainfall applied to the developed unit
hydrograph sas odtained form the U. §. Weather Buresu Pudlications
(References ) and &, Appendix V),

5.5 Reservoir Regulationg: Pertinent dam and reservoir data are
shown in Table 1.1.

Water passes automatically over the principal and emergency
spillways as the reservoir rises above elevations 1443.0 and 1448.0,
respectively.

The storage curve vas developed based on areas odtained from a
U. 8. Geological Survey Quadrangle Map. Survey dsta taken during the
inspection was correlated to the Millboro, Virginia Quadrangle Map to
help develop area storage data. Rating curves for the principal
spillwvay, emergency spilluay, non-overflow section and drawdown
facilities were developed by hand. In routing hydrographs through the
reservoir, it was assumed that the initial pool level wvas at the
primcipal spillway crest (elevation 1443.0).

5.6 ertopping Potential: The prodadble rise in the reservoir and
other pertinent information on reservoir performance is shown in the
following table:




JABLE 5.1 RESERVOIR PERFORMANCE

Normal 100 1/

Item flow year 1/2 PHF PHF 2/
Peak flow, c.f.s.

Infiow 2432 6772 13545

Outf low 2432 6172 13545
Maximum elevation

ft. msl 1643.0 1449.92 1452.05 1454. 3%
Non-overflow section

elevation 1449.0

Depth of flows, ft 0.92 3.05 5.36

Duration, hrs. 1.50 4.7% 8.00

Velocity, fps. 3/ 4.50 8.10 10.85
Tailwvater elevation 1622.9¢ - - -

1/ The 100-Year Flood has one chance in 100 of occurring in any given year.

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

3/ Critical Velocity

5.7 Reservoir Emptying Potential: A 20-inch gas pipe with a 6-inch valve at

the downstream toe of the dam (elevation 1423) is availadble to devater the
reservoir. The low level outlet will permit a withdrawal of asbout 4 cfs with
the reservoir at the crest of the principal spillvay (elevation 1443.0) and
essentially dewater the reservoir in approximately 19 days. This is equivalent
to an approximate drawdown rate of 1 foot per day based on the hydraulic height
measured from normal pool divided by the time to devater the reservoir.

5.8 Evaluation: Based on the size (small) and hazard classification
(significant), the recommended Spillway Design Flood is the 100-year flood to
the 1/2 PMF. Because of the risk involved, the 100-year flood has been
selected as the SDF. During the SDF, the crest of the dam will be overtopped
by 0.92 feet for & maximum 1.5 hours and reach an average critical velocity of
4.5 feet per second.

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

DAM STABILITY

6.1 PFoundation and Adutment: There is no detailed information availadle on
the foundation conditions. The dam is located vithin the Valley and Ridge
physiographic proviace of Virginia which is underlain by the Brallier
FPermstion of the middle devonian system. The Brallier Formation is composed
of thin, regularly bedded, fissle to subfissle, micaceous, light gray to
brown to olive dradb shales, siltstones, and very fined grained sandstones,
The sandstones are commonly well jointed and some isolated fissle black
shale has been found. Deformation was intense in the ares and sesall
overturned folds and lon sngle thrust faults are videspread. According to
Mr. Goodbdar, the old coacrete dam is keyed into firm shale bedrock. There
is no drainage systes. The foundstion is considered stable and impervious.

6.2 Sankment :

6.2.1 Material;: There is no detsiled information availadle on the nature of
the emdankment materials. The only known information is that the borrow
area was located in the reservoir area, and the soil wvas 8 "clay type”
material. A decomposed shale was placed on the emdankment for protection.
The 2rea soils are generally alluvial lov plastic silts (ML) and siley

cleys (CL). The nature of the emdankment materials is considered to be
hamogensous .

6.2,2 dility: There are no available stability calculations. The dom
is 260.] feet high and 14 feet wide. A gravel access road traverses the
crest of the dam. The upstream slope is 2H:1V, and the dovnstream slope is
2.54:1V. The dam is subjected to sudden dravdown because the spproximate
reservoir dravdown rate of 1.0 foot per day exceeds the critical rate of 0.5
feat per day for esrth dams. The existing pool is approximately msximum
control storage pool which is the crest of the principal spillvay.

According to the guidelines presented in Design D

T io i for small homogeneous
ams, Vit ation, subject ravdown and composed of low
plastic tines (ML, CL), the recommended upstream slope is JH:1V and the
downstream slope in 2.5M:1V. The recommended width is 15 feet.

6.2.3 feismic $tgdiligy: The dem is loceted in Seismic Zone 2. Therefore,
sccording to the Recommended Guidelines for $afety Inspection of Dam, the r
dam is considered to have no hasard [rom esrthquakes provided static

stability conditions are satisfactory and conventional safety margin exist.

6.3 fEvalygtion: There is insufficient information to adequately evaluate
the otability of the dam. The visual inspection revealed no apparent

—




instability of the upstream slope, but revealed potentisl problems on the
downstream slope. There is & seep vwith potential piping locsted above the
lov level outlet pipe. Also, there is a shallow 12-foot wide depression
40 feet right of the seep. Based on Bureau of Reclamation guidelines, the
dam has an adequate dovnstream slope, but an inadequate upstream slope and
crest width.

The major stability concern is when the upstream slope is subjected to a
sudden dravdown. HNowever, the embankment has a concrete core to prevent a
total breach of the embankment snd the width is not seriously inadequate.

Also, the visual inspection revealed no apparent instability of the upstream
alope. Therefore, the embankment is considered stable and no stadility
check is required.

The seep and possible piping does threaten the integrity of the dam. Also,
the 12-foot wide depression warrants concern. A geotechanical engineering
firm should be retained within six months to evaluate the possible piping

from the seep on the downstream slope and also the 12-foot wide depression.

Overtopping flows are not considered deterimental. The velocity is less
than 6 fps, the effective eroding velocity for a vegetated earth embankment.
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SECTION 7
ASSESSMENT /REMEDIAL MEASURES

7.1 Dam Assesswent: There is insufficient engineering data to evsluate the
foundation condition and the embdankment stability. The visual inspection
revealed s seep with possible piping on the downstream slope, and depression
40 feet right of the seep. There is no emergency operation and warning plan
or a regular maintenance problem. However, the dam is in good condition and
a stability check is not required.

Corps guidelines indicate the appropriate spillway design flood is the
100~year flood. The spillway will pass 13 percent of the PMF without
overtopping the dam. The SDF will overtop the dam by 0.92 feet for a
maximum 1.5 hours and reach an average critical velocity of 4.5 fps. The
overtopping velocities are not considered detrimental to the embankment.
The spillways are adjudged as inadequate but not seriously inadequate.

7.2 Recommend Remedial Measures: It is recommended that a geotechnical
engineering firm be retained within six months to evaluate the possibility
of piping at the seep on the downstream slope and the cause for the 12-foot
vide depression. Also, an annual maintenance program should be initiated
within 12 months to maintain the integrity of the structure. The inspection
revealed the following maintenance items that should be scheduled by the
owner during the regular maintenance program:

a. The trees and shrubs on both slopes should be cut off at the ground
surface. Any trees with diameter greater than 3-inches should have their

root systems removed and subsequent holes backfilled with compacted material
and seeded. ’

b. Dress the eroded areas on the upstream slope with compacted fill and
seed.

c. A continuous program to control vegetative growth on the embankment
should be instituted as part of a regualr maintenance program.

d. The animal burrow, 30 feet left of the principal spillway and
halfway down the downstream slope, should be backfilled with compacted fill
and seeded.

e. A staffgage should be installed in the reservoir to extend above the
top of the dam.
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PHOTOGRAPHS




PHOTO #2 UPSTREAM FACE




PHOTO #3 THE SPILLWAY

PHOTO ¥4 ERODED / UNDERCUT
AREA AT DISCHARGE END .J

OF SPILLWAY




PHOTO #5 6-INCH GATE VALVE ON
20-INCH RESERVOIR
DRAIN PIPE

PHOTO #6 INTERCEPTED FLOW

FROM SEEP / BOIL ON
OOWNSTREAM FACE OF DAM




APPENDIX III

FIELD OBSERVATIONS




1-111

$1apa0oay UOSUIQOY ¥ IIT]IM

(4dsuno 32ed) 1wqpoey -3 uyor "Iy 09 tauor v
W0ns ¥ap11D Wiy 20D uvisy og
300 uosuIqoy Wi 200 311N o

: {auuvsldd uo13dadsul

0°E¥91 u0}ID3dSU] JO w1y IV UOIIEAIIR 1004

T 6°9191 (uo13dadsu] JO owl]l I¥  JaieajiE]
+,0L :9aniviadwa} ISWDIIAQ IIYIBIN 1861 Awi (7 :uolaidadsuy (8)33uq
0°1£6L *Buon
C°@GLE °1¥] :Sa3¥U1PI0O) mruy s, edwag 23praquooy :Kjunoy Buvadg aayding p1O) :meq dmsy
1 asuyg
uol323dsuy JENE1A

1817 %29y




Z-111

*ouuy

*dvadia ou s1 a1ayj

SAUNTIVY dVid T

SUON

*Pp¥Ul §6210k [oAV1E ¥ 6N SIAIIS WUp Y] O

doj ayl cjudwaavm jo sudrs ou panoys
Sjuamudi(v ay3 ‘12A3mof *JudwuBIIV 2yl
21vdwod 0) sBulmvip ou Iuam 3iay]

1Sd
AHL 40 INAWNIITIV ‘TVL
-NOZTHOH ANV TVOI1JINIA

*suorssaadap

on) ay3 puws 3uidid

21q1880d JU UOIIEN|RAD

30] Wa1} J¥O1UYdI23039H

B JO €321A1238 3y3 Bulurklal
PUMMLUDIY UUIIUIIN
Jvipawaa sasinbax ;nq
18013120 33L Juy - Burdiyg
“Popeds pur 1113

pa3dvdwod y31m dn passaip
?q pinoys adols weaays

-dn 2yYy3 uo s¥aiv papoia Iy

*1ajowulp UY 3aaj z] Inoqe puw daap
393}) ¢°1 Inuqe uouissaadaop aayjoux st daas
3yl Jo Iy31a ay3 o3 3233 Oy Inoqe ‘Us|y
+8urdid ayrqissod Buijeoipul ‘maaw ayy
ul 3993 7 30 yidap ¥ 03 [v1i3ajem 3jOS
A1aa s23¥d1pul daas ay3 v Burqoad

v *da3s ay3 Aq pasned adouys weails
-UAup 3y3 uo uolssaadap daap 300j)-7

B 81 2234} °jjouna domJans £q
pa23avadide puv d>y1jjwil usiliysapad

03 anp A1qeqoad adoys weaizisdn

3yl UO UO1ISUID IDVJINE 61 AIIY]

S3A40IS INAMINGV
ANV INTHINVENR
NOISO¥A ¥O ONIHONOTS

auoy

*203
3yl puokaq 10 ¥ Juiydowad 10
JUIWIAOE [ENENUN OU S1 2adY]

301 3L
ANOARE ¥O 1V INTADVEOD
¥O INJAWIAOH TVASONN

*papaas pus 1113
pa3o8dwos YA payriyRoRq
¥q PINOYE M01INQ Trwiuk ayj

*y3dap ul 3923 9 umyz 1223w2aad

pPU¥ 1233W¥1p Ul S2ydul g INOQE
A011NG TUWIUK UK &1 J1ay3 ‘adoys
WHadJEUAUP Y] umop Aea JIBY puN
Lenjy1de aydidurad ay3 jo apis 3J3]
Y3 jo 1391 19aj of Aiajveixoaddy
CHTGISTA 213M S)YOWID ADWIINE ON

S$AIVNO AdVAUNS

SNOLTLVANAWNODAY ¥0 SHYIVHTY

SNO11vA¥3SHEO

40 NOLLVNIWVXA TVASIA

INAUOINVENT




T R

€~111

*uoy3dajoad

doj do3 ay3l uou paowid sea ITvys pasodwodap 3yl
1106 3dA] AeIDO ¥ UM PUE ‘110A313832 Y3 WO}

Pam0310q SEM [¥1123BW JUawRUEQED Y3 jJO
Jsom ‘1¥qpoon ‘il 03 Bulploddy *I[eys

* 3UON pasodmodap k¥ $1 JKIIIJW IDKFINE Y] STVINAIWH
auoN *SUTRIP UAOUY OU I8 3AIYL
SNIVid
*Auay]rds

asyn8ue3id2a ay3 sinyd
PRIYNING 3y3 disys adrd

Y31 Juols aByywu| Lq pasned
L1q1ssod st daas a3y 111}
YITA PI32A0D S¥n WMkp Yl puk
(11sApEay) prayning ® Yiia
pa8inid sua Lxmaiiids a2yl jo
PUP BEI1ISUNOP ay] “cwep
23225U00 Y3 Jo Aum(ilrds
ds1nuN3da1 ay3 uy paderd
ssa adid ayl °wep 23910U0D
243 y3noayy uIRlp Jaas] AOj
® 88 Juraaas adrd sud Youl
0Z 243 Swiuuna jo 3Tnsaa
343 L1qeqoad sy daos ayy

*28qpooy *al 03
8u1pa00d8 paskIIdUT JOU SUY pUE ‘JuIMNUVQED
Y31as?d Y3 JO UOTIDNIISUOD Y3 Ja33® L13aoys

pa3ieis 23udaas ay] °1 3I|d U0 UAOYS SV
2do1é WBI13SUACP 3Y] Uuo PII¥IO0Y] ‘WA T1T1°1
Jo mo(y wnwrutm ‘daas afaey ¥ sva 2a3Yy]

ADvdIA3AS ATVIOLIION ANV

* auoy

*%301paq a1BYS Wa1}
0JUY paka) seA wWEp 33315U0D PJO Y3
‘21¥qpuos Il YITA UOCYII¥SIIAUOD B Jad

NOTIVaNNOd

SHOTLVANIWWNOIIY ¥O SHUVRIY

SNOTLVANASHO

40 NOIIVRINVXA TVASIA

INADINVEINT




=111

*papaas

pus [viaajww pajdwduwod

Yyila payyij-Noeq sajoy
juanbasqns puk paasowaa
SWMa384L8 3003 113Y] IABy
pInoys sayouy ¢ uwyl 133w2a38
IJJULIP & Ila €321)

Auy cadujans punoad ayy

3% JJO Ind 3q pinoys mep

34Y3 uC &qnays puk $3313 IV

+Jajomulp Ul SIYIUI-ZT 03
dn $2223 puv Ysniq Y3IlA paIAIAod Ii1aIA
s2dojs Weaijsumop puk wyaiyedn syy

NOLIVLIRDAA

SNOTIVANANWOOTY ¥0 SHUVRIY

SNOTLVAYASEO

30 NOLIVNIWVXA TVRSIA

INTWANVERI




S-111

*uOIITPUOD £103D8IST1IBES UI 3aq 03 ieadde

aatea youtr-g puk adid aui| sed youl-Q7 Iyl

*WwBp Y3 JO IIJUID Y3 aeaU 303 WEIAISUMOp

*aUON 3Yy3 3B pajed0] §1 ATkA 2383 umopmeip 3Y]

NMOAMVIA ADNADYAWI

“3093] %
I3NOqE paulwlapun &1 IJNYS 33aAdU0D

ay3 Jo pua ayy -cwyp ayjy jo 203 Y3 Mojaq

¥3l1u Uk 03 €MOTJ Bur32aa1p aINYd a3aiduod

*3uoN 3p1a 3003 0z ® §1 [auueyd adaeyds1p ayy

TANNVHD AOWVHOSIA

*3UON +310A136331 ay3 $) [auuwyd Yoeoiadde ayg

TANNVHD HOVOUddV

*3uijieds puw BuiryoeId IWoS

sey 232a0u0> 3yl -°jood Jrwaou

SUTBIUTEW YOTYm 113m 33210U0D IPIA

*auopy 300J-0Z7 ¥ $1 UUY3DIS [013U0d Ayl

SNOILOAS TO¥INOD

SNOTLVANIWKOOTY ¥O SHUVHT SNOTLVYAYN3ASH0

JO NOTIVNIWVXA TVQASIA

AVMTTIAS TTVAIONTYd




9-111

auopy

*¥31B 3031 WYIIISUMOPp
2y3 o3 sskd 03 MmOy} mol[B pInom
yolym uor3BAa[@ Ul BulpuIdSIP PpLOI
19a828 B €1 jauusyd adawydsip 3yl

TANNVHD 20¥VHOS1A

auoy

*2dos 2110419631 d3E1paumil 3y o3
8u1309UU0D puk UOTILAITD ul 3uTpuadsap
proa {2aB38 ® §1 Jauukyo yowoidde ayj

TANNVHO HOVOdddV

auop

*paddo3aaao s1 wyp 3yl 3Jo 38211

3Yy3 2J0jaq wep ay3 punoaw smoyj sswd
1114 pue wep ayz jo 3Isaid ayy ueyl
13m0y s1 ®3ae s1Yl Aealiids Byl
y3noayy sassed pwola $63208 3ABA3

v cwep ayj jo 3Jj3y ay3j o3 punoad
jeanjsu Ul §1 UO13D3aS [043uU0d 3Y]L

SNOILOAS "0YINOD

SNOTLVANAWHOOTY ANV SXYVRAY

NOILVAY3SEO

40 NOILVNIWVXA TvASIA

AVMTIIdS ADNADUARA




L-111

T A I ]

sugp 2yl 3o
18212 3Y3 9Aoqe puaixa 03
110AI3831 3yl uy pajreIsul

aq pynoys 288833836 V +sa3u833)836 OU 338 1YL SIOVIAIVIS
*3uoN +51939w0za1d Ou 21v 3IAYL SURLAN0Z2A1d
-3uoN +§1194 OU 318 3I3YL sulan
*ouoN *s]]em Ou 2338 2L ST13aM NO11VANESR0
sauoy *galB a3jwlpaummw) 3yl ul

$7UWNUOW UMOUY OU i1k 3I3Y]

SAAANNS /NOTLVINARANOH

SNOTIVANAWHOOT YO SHUVWAY

SNOTLVANASEHO

NOTIVNIWVX3 TVASIA

NOTLVINAKRYISNI



8-111

-auay

*uoI IBWIOJUT
21qETleAB OU $kA 213yl *3I10A13631
243 Ul UOYIEIUBWIPIS BY] IIEN[BAD
03 a[quun §BA wWE3I3 uuldadsur ayl

NOIIVINAWIAIS

*auoy

*110A3382a Y3 ul
PaA1u6qO SEBM §11Qap ON *papoom
£11a8ay pue da33s L(ajsaapow
2av §2doys 110A213631 Y]

S34071S

SNOTLVANANKOOIAY HO SNYVRIY

SNOTIVAYASE0

NOTIVNIWVXA TVASIA

YIOAYIASTY




6-111

*3injie] wep ® aq

a1ayj pinoys s123urp UIRISNS PINOD PUB WEIIISUMOP
ajmw auo L1ajsuixoadde pajedso] S1 [ylw 13quny Vv
*$juUBqUEIIIE BY] IkaU WHP Y3 JO WEIIISUMOP

NOI1IVINdOd
ANV STHOH 40

*auoy $211W ¢°Q INUQE Pa3IBOO] @3B S2WOY OM] *ON FLVWIXOudav
*papoom
*auoN L11avay puv davjs L[a3evaapow 2aw sadoys BYL s4do1s
*wep 9y3 jo
wyaljsumop 6MO[J O3 UO1ION1I36qO dwos 3Iptracad
§3323 pue §%00a 231877 -uilskq Suiyyias I3y (°214 ‘s1dgad
mo1aq [auueyd 3y BJuluiy LOI3I¥IIZIA Laway ‘SNO11DNY1s40)
*auoyN Y314 M0IIBU §1 [3UULYD WBIAISUMOp BY] NOILIGNOD

SNOTLVANANHOOTS 40 SHYVHIY

SNOILVAYISEO

NOIIVNIWVXA TVNSIA

TANNVHO WVAYISNMOGQ




APPENDIX IV

REFERENCES




APPENDIX 1V

REFERENCES

1. Recommended Guidelines for Safety Inspection of Dams, Office of
the Chief of Engineers, Department of the Army, Washington, D. C,

2. HEC-1DB Flood Hydrograph Package, (Hydrologic Engineering Center,
U. S. Army Corps of Engineers, September 1978,)

3. "Prodable Maximum Precipitation Estimates, United States East of
the 105th Meridian,” MHydrometeorological Report No. 51, (U. S.
Weather Bureau, June 1978).

4. “Rainfall Frequency Atlas of the Unites States”, Technical Paper
No. 40, (U.S. Weather Bureau, May 1961),







