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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Frontier Lake Dam
State Located Missouri
County Located Wayne County
Stream Camp Creek
Date of Inspection 12 July 1978

Frontier Lake Dam was inspected by an interdisciplinary team
of engineers from the Memphis District, U.S. Army Corps of Engineers.
The purpose of the inspection was to make an assessment of the
general condition of the dam with respect to safety, based upon
available data and visual inspection, in order to determine if the
dam poses hazards to human life or property.

The guidelines used in the assessment were furnished by the
Department of the Army, Office of the Chief of Engineers and devel-
oped with the help of several Federal and State agencies, profes-
sional engineering organizations, and private engineers. Based on
these guidelines, this dam is classified as a intermediate size dam
with a high downstream hazard potential. Failure would threaten the
life and property fo approximately 6 families downstream of the dam
and cause appreciable damage to highway N, approximately 1 1/4 miles
downstream of the dam.

The inspection and evaluation indicate that the spillway does
not meet the criteria set forth in the guidelines for a dam having
the above mentioned size classification and hazard potential.
According to the guidelines, the spillway is required to pass the
Probable Maximum Flood (PMF) without the dam embankment being
overtopped. The spillway will only pass 15 percent of the PMF
before the dam embankment is overtopped. Because the spillway
will not pass 1/2 of the PMF without overtopping, the dam is
classified as "unsafe non-emergency." Also the spillway will not
pass the 100-year flood without overtopping, which is a flood that
has a 1 percent chance of being exceeded in any given year.

Other deficiencies visually observed by the inspection team
were bushes and small trees on the downstream embankment slope, no
erosion protection on the upstream embankment slope and no erosion
protection on the emergency spillway guide dike near the spillway
outfall. Another deficiency found was the lack of seepage and
stability analysis records.



It is recommended that the owner take action to correct or
control the deficiencies described. Corrective works should be
in accordance with analyses and design performed by an engineer
experienced in the design and construction of dams.

Y*ANDERSON4
Hydraulic Engineer
Memphis District
Corps of Engineers

Accessli ro
- .. ROBERT M. DAVIS

Geologist

,- Memphis District
Corps of Engineers
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iO[ E. MONROE
Soils Engineer
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Corps of Engineers
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SECTION 1 PROJECT INFORMATION

1.1 GER L,

a. Authority. The National Dam Inspection Act, Public Law
92-367, authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of safety inspection of clams
throughout the United States. Pursuant to the above, the St. Louis
District, Corps of Engineers, District En -ineer directed that a
safety inspection of the Frontier Lake Dam be made.

b. Purnose of Inspection. The purpose of the inspection was
to make an assessment of the general condition of the dam with
respect to safety, based unon available data and visual inspection,
in order to determine if the dam poses hazards to huan life or
property.

c. Evaluation Criteria. Criteria used to evaluate the dam
were furnished by the Depart-ment of the Army, Office of the Chief
of Enngineers, in "Recommended Guidelines for Safety Insnection or
Dams." These guidelines were developed with the help of- several
Feferal a-oencies an ', s"any State a:encics, prokessional enqincerin!'
organizations, and Private engineers.

1.2 DESC.,PTI?,, OF PROJECT

a. Descrintion of Dar and A,,urtenances.

(1) The dam is an earth structure built in a narrow. valley
in the unlands which border the '!ississilpi FmbaNent. Tonoirailhv
adjacent to the valley is rolling to steep. Soils in the area are
forced of sandy clays with rock fragments. Topograplhy in the
vicinity of the dan is sho,n on Plate 2.

(2) A vertical inlet constructed of 12-inc', dinet er, s!:,ooth
iron pipe ijunctioned with a 3n-linch smooth iron pipe is the primary
means of dischar: e. A vilve control led lake drain consistin!', of an
1-inch jia:%eter i pie is also connected to the 42-inch inlet nine.
An emergecy spillway is cut into rock on the left abutment. The
snillwav is a trapezoidal section with a 55-root botto width and
side slopes of approxi'mately 1V on .11. The s-nillwav is 1211 feet
long from the crest of the spillway.

(3) Pertinent physical data are given in paragranh 1.3 below.



b . Locat ion. The dari is located in the central portion of
,'dayne County, Mlissouiri, as shown on Plate 1. The lale formed by
the dam is shovan on tie Patterson, Nissouri nluadrati(le sheet in
Sections 26, .27, 34, and 35; Township 30 North; Rqanfe 41 Fast.

c. Siz-e Classification. Criteria for determining the size
classification of damas and impoundments are presented in the guvide-
lines referenced in parag-raph 1.1 c above. Based on these criteria,

this dam and inpoundments is in the intermediate size cateilory.

d. Hazard Classification. Guidelines for determiningj hazard
classification are presented in the same fguidelines as referenced
in para-ranh c above. Based on referenced guidelines, this dami
is in the Iligh Hazard Classification.

e. Ownrship-. This dam is owned by Mrs. Diana Ih'ard of
Frontier Lake, Patterson, Missouri 63056.

f. Purnose of Dami. The dam. forms a 62-acre recreational

g. esic-n and Construction !Iistor\v. The dam was desig-ned by
,.he U. S. Decpartment of' Agriculture Soil Conservation -Service. Read-
ily available desigln data were linitcdl to a set of drawings dated
August 1964. The drawings consist of a hydraulic and hydrolo 'ic
design, a location Tn-ian, a typnical embankment cross-section (see
Plate 5) and a section through daimi centerline (see Plate -1). 'Miether
or not slove stability' and seemag e analyses were performed usin.,
suitable load!ing condition is unknown. A cnntractor from Poplar
Bluff, "issouri constrLICted the dam during7 1965. Location of' borrow
areas and! tli, effort utilized! in compactin7g the borro..: I-aterial is

unno;n.A core trench was reportedly placed beneaith the embhankm-.ent.
A tvmical emban!kment cros.-se-ction from the 1964 (1rawin'-s shov.in(
the primary features of the vertical inlet and Jiscllar~w ystom is5
presented On Plate, S. aSedI Onl tile inspect ion survey, in ;Vr"
1V on 2.111 downst reari embanklment s lore ,-.as used instead o- IV oil .,I!
s lon e sIfe inte ( rawings 'Ind an avera"'O lV on0 . 11u,
St rea2 embanIkMent -1') lon,'aS used instead of the spoc i.fi ed IV Oil 31i

li. :,orma i- 1 11 erat in': Procedure. Normal rain fall , runoff,
transriration, andI evanoration all coFmine to Imintain1 a relat ivelyv
stale wa,,ter surface elevation. The emiergenicy spil1lwav was renor1t -

cdlv iused several times with the maximum experienced depth of approx -

imately one half of a foot occurina in 'larch In77. A Lake draiin is pro-
vide'd to dIraw1 doian thec Like level duringf the winiter iionths for bio-
lo,',ical lake maintenance.
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1.3 PFRTI)V NT DATA

a. Drainage Area - 3350 acres (1973 inventory).
3237 acres (1964 drawings).
3206 acres (TopogIraphic nziadran:le).

b. Discharge at Darsite.

(1) Discharg'e can take place both through a vertical pipe

inlet and an emergency spillway.

(2) Estimated exeierienced :;iaimu flood at the damsite -

1N cfs.

c. Elevation (Feet above 'I.S. L.)

(1) Top oF dan - 671.5 + (TExistin7, see Plate 4).
669.6 + (164 Design, see Plate 4).

(2) Top of vertical inlet - 661.9.

(3) Invert of discharge pine at the stilling basin - 631.7.

(4) Spillway crest - 67.0 + (Fxisting).
666.3 + (1964 Desi(,n).

(5) Streambed at centerline of dam - 631.5 (1964 drawings).

(6) : axim~um tai lwater - unknon.

d. Reservoir. Lenrgth of naxinum pool - 3700 + feet (1964
drawings).

e. Storage (Acre-feet).

(1) M!aximum- 992 (1973 inventory).

165,' (1961 (rawin,s and 30.3 acre-feet as normaI
storage).

(2) Normal - 343 (1973 inventory).

f. Reservoir Surface (Acres).

(1) Top of dam - 102.5.

(2) Spillway crest - 13.1

(3) Invert of vertical inlet - 62.3.

3



g.Dan.

()Type -earth embankment.

(2) Length - 375 + feet.

(3) Height - 40 feet maximum.

(4) Top width - 13 + feet.

(5) Side sloirws -

(a) Downstream - IV on 2.21! (Averagec).

(b) lUnstrean - IV on 3.31! (Average).

(6) Downstream berm - el. 654 + feet m.s.l. and S feet widle
(All Average exi-in.- conditions.)

(7) Upstream berm - dimensions no longer definable.

(8) Zoningj - unknown.

(9) Imperious corc - unknown.

(10) Cutoff - Reportedly placed beneath emibankment.

(11) Grout curtain - unk-nown.

h. Diversion and. Regulatin'o Tunnel. None.

i Primary Di schar!e- Sys tem.

(1) Type - An uncontrolled 42-inch dliameter inlet pine junctionod
with a 30-inch diameter discharge nilie (see para(Tranil 1 .2 a).

(2) Length of 42-inch d1innotor )i "c - 16 Feet (196.1 rill,-) .

(1.) Len(gth of 30-inchi diameter nipe - 1.16 feet (190-. drawin~ls).

(4) Top elevation of vertical inlet - 661.0 feet asl

(5) Invert of discharge pipe at stilling basin -631.7 feet
n.s. 1.

j. Erner! cricy Si ~I -,y.

(1) Type - Uincontrol led (rock).
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(2) Width of weir - 55 Feet (Pottom width).

(3) Len!gth of iweir - 120 + feet (From crest of Spillway).

(4) Crest elevation - 667.0 + feet n.s.l.

k. Reaulating Outlet.

(1) Tyne - valve controlled 18-inch diameter pipe.

(2) Pine Lentth - 30 feet (Estimate).

(3) Invert of nine in lake - unknown.

(4) Dischar7e Invert - 655.0 feet m.s.l. (Discharges into
42-inch diameter inlet pipe).

. .... .. .. .- . . .. .... I - - .. ' """ - i 11 - . .. ,1 1 
- ' '

. .. '' .- ., . .. . . Iri



SECTION 2 -Nni:EERING DATA

2.1 DESIGN

The dam was designed by the Ul.S. Deartment of A.riculture
Soil Conservation Service. Readily available dcsign data were
limited to a set of drawings dated Aucust 1964. The drawings
consist of a hydraulic and hydrologic design, a location nlan,
a tynical embankment cross-section (see Plate 5), and a center-
line section throuTh the Jam (see Plate -4). '2aether or not
slope stability and seepage analyses were ncrformed using suit-
able loading conditions is uninown.

2.2 CONSTRUCTION

The dam was constructed in 1965 by a construction comnany from
Ponlar B;luff, Mlissouri. The earth embankment was nrobably constructed
of a red sandy clay with varyin.- amounts of rock fragments. The location
of the borrow areas and the effort utilized in comacting the borrow
material is unknown. A core trench was reportedly placed below the
embankment. A typical embankment cross-section from the 1964 drawings
showing the primary features of the vertical inlet and discharge
system is presented on Plate 5. Based on the insnection survey an
average IV on 2.211 downstream embankment slope was used instead of
the 1V on 211 slope specified in the 1964 drawings and an average IV
on 3.311 upstream embankment slope was used instead o- the snecified
lV on 3U.

2.3 OPERATION

The emerg-ency spillway was reportedly used several times when
the vertical inlet pipe becane obstructed. The emergency snillway
was reportedly used only once when the inlet pipe was not obstructed.
This occurred in :arch 1977 when the emergency siiillway flow was
approximately 0.S feet deep (see Photos 8, 9, 10, and 11).

2.4 EVAIIATI(OIN

a. Availability. The only engineering data available were
mentioned in paragraphs 2.1 - 2.3 above.

b. Adequacy. The 1961 hydraulic and hydrologic desio.n was
inadequate to assess if the dam could pass the probable maximum flood
(PN'!F) without overtopping. The design nresented on the 196.1 drawing.
was for a SO-year frequency storm which is much smaller than the P'F.

6



Seepage and stability analyses comparable to the requirements
of the "Recommended Guidelines for Safety Inspection of Dams" were
not available, which is considered a deficiency. These seepage
and stability analyses should be performed for appropriate loading
conditions (including earthquake loads) and made a matter of record.

c. Validity. The engineering data presented appeared to be
valid.

I7



Sr.CTION 3 - VISUAL I'~SPECTIM*

3.1 FINDINGS

a. General. Visual inspection of Frontier Lake Darni was per-
formed on 12- July 197S. Personnel making- the inspection were em-
ployees of thc MIemphis District, Corps of En!gineers, and includ!cd
a geologist, hydraulic engZineer, and soils en(,ineer. Specific obser-
vations are discussed hoclow.

b. Project CGeology. Thc da-i is located on the unlards %which
border tlie *!ississiv),ni EmbarMent and lies onl the Prc-C.arbrian gr:inite
bedrock. In this area the rock is a red and gyray g!ranite withn granite
porphivries. Outcrons oF the g ranite occur in both abutments and
boulders and outcrops are exposed in the spillway arca. Based on
the soil typecs in the area and exposed soils in the emihankmcnt, the
dami is prob~aly com-.posed oF sandyv clav with roc!, fra-gments. The
darn is located in Seismic Zone 2.

c. Dar). N~o detrimental settlemient, crackina) slides or anirial
burrows were observed in or near the earthi embankment. Typical
existing, cross-sections of the cnlbankme(,nt are shown on Plates 6, 7,
and S. These sections are consistent with the cross-section pre-
sented in the Soil Conservation Service 1964 drawings (see Plate
5) . Vertical erosion faces 2-3 feet hig~h, were observed alonp theo
Un)Stremembakmen slope (see Photo 2). Several S to S-foot high!
bushes and trees were growing on the dwo-astrcam,' slone (see Photo 3)

d. Anujrtenant Structures. A vertical inlet construicted of
42-inch diameter, sm,,ooth iron pine junctioned wvithi a 30-inch dhai-
eter, srnoot!h iron pire is the u~rirnary means of dischargeo. A metal
baffle is mouinted Onl the vertical inlet. A trash rack cnnsisting of a
welcded cage of reinForcemeont rods suirrounds the inlet (see Photo 4).
The out let pire discharges into ; Stllling basin prot ected with a
thick ripran blanket (seec Photo 5).

Ali emergenicy sni llway onl the left abutment is citt into rock
consisting prim-,arily w' granite. The spil lway iS a tj-anezo idalj
section with a 55-foot bottom width and! side sloines of approximately
IV on 311. The spillway is 120 feet long from the crest of, the
spillway (see Photo 6).

The pillay is oaralloled by a guiide dikec or berm which diverts
the Spill way outfall fro!, the darn emibankmenit (see Plate 3) . Trhe end
of the spil iway guide (like has beeon eroded toward the damn embankment

8



by flow through the emergency spillway (see Photo 7). 1';ater flowing
throuIgh the emergency spillway outfall and attacking the spillway
guide dike is shown on Photos 9, 10, and 11 which were taken by the
Soil Conservation Service in MIarch 1977. The emergency spillway was
flowing at an approximate depth of 0.5 feet.

A valve controlled lake drain consisting of an 13-inch diameter
pipe is junctioned to the 42-inch diameter vertical inlet pipe (see
Plate 7). Because of the unaccessible location of the drain, it
could not be inspected. Reportedly the lake is drawn down several
feet every winter for biological lake maintenance.

e. Reservoir Area. No excessive erosion or slides were
observed along the shore oF the reservoir. But wave wash has
eroded a 2-3 foot vertical face along the shore.

f. Downstream Channel. The downstream channel is not over-
grown with vegetation and is protected with a rock blanket.

3.2 EVALUATION

None of the conditions observed are significant enough to in-
dicate a need for immediate remedial action or a serious potential
of failure. Erosion on the upstream embankment slope and on the
erergency snillway !uide dike, and vegetation on the downstream
slope are deficiencies ,.which, left uncontrolled or uncorrected,
could lead to the development of potential problems.

9



SECTION 4 - OPERATIO:AL PROCEDURES

4.1 PROCEDURES

The primary discharge system and the emergency snillway are
uncontrolled; therefore, no rcgulatinj, procedures exist for these
structures. The valve controlled lake drain described in paragraph
3.1 d is used for biological lake maintenance. Reportedly the lake
is drawn down several feet every winter.

4.2 :.AI:T,."YXNCE OF DA'1

The dam enbankment and appurtenant structures apnear well
maintained, except for the erosion on t',!e untrea-i e:'ak:t
slopie and on the emer-ency spillway guide dikes, and the bushes
and small trees on the downstra:7 slope.

4.3 '1lAI:TF;TANCE OF OPE.R\TI,G FACILITIES

No information is available concerning maintenance of the
lake drain.

4.4 DESCRIPTION OF X:Y .AMIN'G SYSTEN IN EFFECT

The insnection teari is not aware of any existinw warninc, systemn
for this (lam.

.. 5 EVALUATION

If the erosion on the unstream eri.hankont slone and on the cmer ency
spillway ,uide dikes, and the tree and brush growth on the dovnstream
e:ihan!:v'ent slone are all o.ed to continlue, a serious motent i;al o
failure may (I\0C0lope.

10



SECTIO]N 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. The available hydraulic and hydrological
design appears accurate and is discussed in SECTION 2.

b. Experience Data. The drainage area was developed using
USGS Patterson Quadrangle. The lake surface area and storage
values were determined using the 1964 drawings furnished by the
Soil Conservation Service. The spillway and dam layout are made
from surveys conducted by the inspecting team. Comparisons were
made with the 1964 drawings and the inspection surveys. All relat-
ive elevations are compatable with the elevations on the 1964
drawings.

c. Visual Observations.

(1) The vertical shaft and rock spillway are in excellent
condition.

(2) The vertical shaft is located approximately 163 feet from
the right abutment while the spillway is located in the left abut-
ment. Releases from either structure will not endanger the integ-
rity of the dam.

d. Overtopping Potential. The spillway will pass 15 percent
of the Probable Maximum Flood (PMF), without overtopping the dam.
The Probable Maximum Flood (PMF) is defined as the flood discharge
that may be expected from the most severe combination of critical
meteoyrologic and hydrologic conditions that are reasonably possible
in the region. For its size and hazard category, this dam is
required by the guidelines to pass the PMF. Because the spillway
will not pass one-half of the PMF without overtopping, the dam
is classified as "unsafe non-emergency." The spillway will not
pass the 100-year flood without overtopping, which is a flood
that has a one percent chance of being exceeded in any given year.

The effect from rupture of ize dam could extend approximately
10 miles downstream of the dam. There are 5 inhabited homes down-
stream of the dam which could be severly damaged and lives of the
inhabitants could be lost, should failure of the dam occur.

11



SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Vis-ial Observations. Visual observations of the dam and
appurtenant structures are discussed and evaluated in SECTIONS
3 and 5.

b. Design and Construction Data. The design and construction
data were limited to that information discussed in SECTION 2.

c. Operating Records. There have been no known operations
which have af ected the structural stability of the dam.

d. Post Construction Changes. No post construction changes
exist which will affect the structural stability of the dam.

e. Seismic Stability. This dam is located in Seismic Zone 2.
However, it is located very near the boundary between Seismic Zones 2
and 3. Since this dam is located in Seismic Zone 2 and the proximity
of Seismic Zone 3, it is possible that an earthquake could occur of
sufficient intensity to cause severe damage or failure of the dam.

12



SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. Several items were noted during the visual inspection
by the inspection team which should be corrected or controlled. These
items are erosion on the upstream embankment slope and on the emergency
spillway guide dike, and brush and small trees on the downstream
embankment slope. Seepage and stability analyses comparable to the
requirements of the "Recommended Guidelines for Safety inspection of
Dams" were not available which is considered a deficiency. These
seepage and stability analyses should be performed for appropriate
loading conditions (including earthquake loads) and made a matter
of record. Also these analyses should be utilized to detail the
corrective actions called for in paragraph 7.2. The probable
maximum design flood (PMF) and 1/2 PMF will overtop the dam.

b. Adequacy of Information. Due to the lack of applicable
engineering design and construction data, the conclusions in this
report were based on performance history and external visual con-
ditions. The inspection team considers that these data are suffi-
cient to support the conclusions herein.

c. Urgency. The remedial measures recommended in paragraph
7.2 should be accomplished in the near future. If the deficiencies
listed in paragraph 7.1a are not corrected in a timely manner,
they could lead to the development of potential problems.

d. Necessity for Phase II. Based on the results of the Phase
I inspection, no Phase II inspection is recommended.

e. Seismic Stability. This dam is located in Seismic Zone 2.
However, s located very near the boundary between Seismic Zones
2 and 3. Since this dam is located in Seismic Zone 2 and the proximity
of Seismic Zone 3, it is possible that an earthquake could occur of
sufficient intensity to cause severe damage or failure of the dam.

7.2 REMEDIAL MEASURES

a. Alternatives. Spillway size and/or height of dam should be
increased to pass the Probable Maximum Flood without overtopping
the dam.

b. Perform seepage and stability analyses comparable to the
requirements of the "Recommended Guidelines for Safety Inspection
of Dams." These seepage and stability analyses should be performed

13



for appropriate loading conditions (including earthquake loads)
and made a matter of record. Use the results of these analyses
to design appropriate corrective measures.

c. 0 & M Maintenance and Procedures. The following 0 & M
maintenace and procedures are recommended:

(1) Remove the bushes and trees growing on the downstream
slope. Care should be taken during removal not to
destroy the existing condition of the downstream slope.

(2) Protect the upstream embankment slope with an adequate
riprap blanket to prevent wave wash erosion.

(3) Protect the emergency spillway guide dike near the spill-
way outfall with an adequate riprap blanket to prevent
erosion caused by water flowing through the emergency
spillway outfall.

(4) A detailed inspection of the dam should be made at least
every 5 years by an engineer experienced in design and
construction of dams.
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APPENIDIX A

1!YPROfLOCIC C(YIP!TATIPN!S



LY!fnLO, IC CCY !'PLTATIPXS

I . IFC-I was used to dovelo'.. t1he inflow hydro-rap' for P'IF and
hydrologic characteristic of drainage basin.

2. ITEC-l uses Snyder 'ethod for develoing synthetic unit hydro-
graphs with Clarks Modification.

Final Variables

Draina, e Area 5.01 sq. mii.
Travel Tine o- Runo"f 1.26 hr.
Initial Loss of Rainfall 0.5 in.
Averac'e Loss Rate 0.05 in./hr.

Ct 0. I
C) 0. 604

PMF Rainfall 26.7 in.
PMF Percentages 6.hr. 102

12 hr. 120
24 hr. 130

3. The inflow hyroveraph was routed thirou,-,h the reservoir usin-:
C-l 's :'od.i ied Puls o0'tiou. ,clases were calculated for both

the )ipe anJ spillway. The pipe was assumed flowing full and the
bro'dcrested weir equation was used to calculate sillway dis-
charges. Variables for the pipe and sinillway dischares are
listed below.

Horizontal Pipe Vertical Pipe

n .013 n .013
L 146 ft. L 16 ft.

D 2.5 ft. D 3.5 ft.

C 2.2
L 55 ft. *

SUJsed actual area of cross section at depth under consideration.

A-1

- . - h . .. . "



1

Ton of Dam

C 2.5
L 300 ft.

4. PIF rainfall distribution, inflow hydrograph, and outflow
hydrograph are shown on Plate Al.

A-2
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M!OTO 3:Pownstroam Slope - Drish an(! Smail Trees

11111)""0 .: Inlet of' Vert ical Structture



11111TO 5: Dischare of V'ertical Structure

PI OTO 6: Vncr'jency Spillway' Upstreamn View



PIH1TO 7: Ejncrf~eiicy Spillway' Outfall -Spillway C'uide Dike Erosionl

PHOTO s: Emergency Spillway - tpstreain Vivw ('larch 1977)



nl'r lo: >~r~ c S')iilwav Outi. ll (';arCi I,)--)



PHOTO 11: Emrerency Spillway Outfall (larch 1977)
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