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1) Spillway will not pass 50 percent of the Probable Maximum Flood.
2) Overtopping could result in dam failure.
3) Dam failure significantly increases the hazard to loss of life

downstream.
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PIIASI I Ri PORT

NA'l IONAL 1DAM SAFITY PROGRAM
I,

Name of Dam: Dam A-21

State Located: Missouri

Count)' Located: lafayette County

St ream: Unnamed Tributary to Big Sni-A-Bar Creek

Date of Inspection: 3 August 1978

Dam A-21 was inspected by an interdisciplinary team of
engineers from Anderson Lngineering, Inc. of Springfield,

I Missouri and Hanson Engineers, Inc. of Springfield, Illi-
nois. 'lihe purpose of the inspection was to make an assess-
ment of the general condition of the dam with respect to

Isafety, based upon available data and visual inspection, in
order to determine i.f the dam poses hazards to human life or
property.

The guidelines used in the assessment were furnished by
the l)epartment of the Army, Office of the Chief of Eingineers
and they have been developed with the help of several
Federal and State agencies, professional engineering organi-
zations, and private engineers. Based on these guidelines,
this dam has been classified by the St. Louis District Corps
of Lngineers as an intermediate size dam with a high down-
stream hazard potential. [heir estimate of the damaige zone
extends 4 iniles downstream of the dam. Within the damage

r zone are seven houses, two farm complexes, one business, one
unimproved road crossing, one improved road bridge, one
U.S. highway bridge and one railroad bridge.

Our inspection and evaluation indicates that the
combined spillways do not meet the criteria set forth in
the guidelines for a dam having the above size and hazard
potential. The combined spillways will pass 33 percent of
the Probable Maximum Flood without overtopping. The
Probable Maximum Flood is defined as the flood discharge
that may be expected from the most severe combination of
critical meteorologic and hydrologic conditions that are
reasonably possible in the region. The guidelines require

II
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that a dam of intermediate size with a high downstream
hazard potential pass 100 percent of the PNMF without over-
topping. Fifty percent of the PMIF was also routed through
the spillways resulting in a dam overtopping of 0.83 ft.
Tlhe combined spillways will pass a 100 year flood event,

without overtopping. A 100 year flood is one that has a
1 percent chance of being exceeded in any given year.

The embankment and appurtenances are generally in good
condition. Deficiencies, including erosion and tree growth
were noted and should be corrected by the owner. Wet areas
were noted on the lower berm on the downstream face. It
could not be determined whether these areas represented
seepage or just poor drainage. Further evaluation of this
condition was recommended after the downstream face is
cleared of overgrowth. Another deficiency was the lack of
seepage analysis records.

A detailed report is attached to be submitted to the
owners and to the Governor of .tissouri.

Jo Kn M. Ilealy, P.iL
lasn Engineers,\c.

eeven L. Brady,
Anderson Lngineering

4
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SECTIfON 1 PROJ1:(' tNFORMATION

I 1.1 GENERAL:

A. -- AuthijyA ,~ A t ority : ,

The National Dam Inspect ion Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of safety inspection of
dams throughout the lnited States. Pursuant to thc above,
the St. louis District, Corps of Engineers, listrict Ingi-
ncer directed that a safety inspection of Dam A-21 in
Lafayette County, Missouri be made.

B. Purpose of Inspection:

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 a visual .inspect ion in order
to determine if the dam poses hazards to human life or
property.

I L. lvaluat ton Criteria

Criteria used to eval uate the dam were furnished by the
Department of the Army, Office of the Clhief of Engineers
"Recommended Guidelines For Safety Inspection of Dams."
These guidelines were developed with the help of several
federal agencies aInd mnyll state agencies, professional
engineering organizations, and private engineers.

1.2 DESCRIPTIO N OF PROJItCT:

A. Descript ion of Dam and Appurtenances:

Dam A-21 is an earth fill structure approximately .52 ft
h iii and 520 ft long at the crest. The appurtenant works
consist of a concrete drop inlet and reinforced concrete
pipe primary spillway, which is located near the center of
the dam, and a grass covered emergency spillway, which is
located at the north ahutment. Sheet 4 of Appendix A shows
a plan of" the embankment and spillways and a typical section
of the embankment.

B. Location

I h'e dam is lo cated in tihe northwest part of lafayette
County, Missouri on a small tributary of Big Sni-A-Bar
' creek. lime lake formed by the dam is shown on the Lexington
iest, Camden, Bates City and Odessa North, Missouri quadrangleI
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masin the SW 1/4 of tibe Nh1 I / 1 of Soct i oi 21 '1, %0N, R28W.

Sheet I of Append i x A\ shows thle genera I v icin i ty and
Sheets 2 and 3 of Append ix A shbows a pl1an of Clhe immed iate
area. of thle dami and lake.

C. i ze ClI.assifVi ca tion:

With an embankment he ight of' S2 ft and a max imum
storage capacity of approx imately 485 acre- ft , the darn is
in tble intermediate size category.

I). Hazard Classification:

Thie St. Louis 1)1st rict Corps of lng ineers has clas -
sified this dam as a high hazard dam. '[heir estimate of thle
daiiage zone extends 4 miiles downstream of the daml. Wi th in1
the damage zone are seven houses, two farm complexes , one
bus inles s, one uin impr oved road c ross in g, one imnp royved road
bridge, one U.S. hi gliway hr idge and] one rail road bridge.

L. Ownership:

Ilie dam was dIe s igned bvy the Soil C:ons erva t ion Service
(SCS) but the property upon which tile dam anid lake are
located is retained by the pr-operty owner or owners . 11he
As -Built plans ilud cate the primary owners to he Robert
Ki esmeyer , Raymonld Ni eIi ginan and AMU Brener . Thlese owners
granted ;in easement to tile We IIi ngton -Napo leain Wa tershted
Subd istrict to construict , operate, and maintain this struc -

ture . 'Ile subdistrict is the owner and is responsi ble for-
thle structure. '1lie address of the Subdistrict is 120 IV
19th Street, Higgi nsv iiie , Mi ssouri 04037.

ile purpose Of this dam accord ing, to thle PL- 5(i wa tecr -
s hed programii s to 1 Ov i (IC watershed pirotect i oi and iI mod
prevent ioll. 'ile puirpose of' tihese structures is for grade
stabi i izat ion with Iflood water reta rding featulres . I hese
l akes may be st ocked w ith f isAhibu not by, the Soi IConser -
va t i onl Se rx i ce. i'I ('v ma\y he st oc ked w i th f i sli fr 1 Ill thle
lede ra I anHd Sta te 1:i slerF i CS il 11coope ra t io OlW t 11 i iid i V i dual I
I aiidowiie I's .

G . ioes i gn anId Con s truc t io OiI Ii s tory:

'1 11e (Ia ii was d Ic s gn ed b y tihe So i I (Con s crva t i on Se rv ice
aInd Coils' t rUC teCd Lnd cI' t Ile i r i 1 s pec t iOnl snuper v is i onl ( in1 -

spect ion hand led by the ilgginsvil le 1Histrict Of ficch Th''le

V - '-2



daml was C omip let ed inl 1 901 A\s - ';' i I t ) Ian s are avai lab I e and
have beeCII use d to p repal re t I ii s r (, or t No s; i gn i f i cant
problems in rearsto seepageC thIrough or st ablIit y of
the embankment are reported to have occurred sintce tile dlain

fwas bI)I i I t Accordino t o SCS d ist ric t- pe-soriri I , no miod i -
f lica t ions have been made to the damn.

If. NormalI ()pcrat ing Procedure:

No rmal IF I ows wi I I be paissed by a n inuc on t ro I l ed dl rp0
n 1 e t sp1)i I I way , whe re as a g r as sed emecr genc y sp I I Iwa y woulId

1C me 1 ito opc raIt i on) f'or ma o r 1- 1 ood s . Alocal resident
indicated that the maximumn water depth ever experienced
was 1 ft to 2 ft above thle pimary spil I Ka crest in 1973.
'the emer01gency sp)ill way hias apparently nev er come in to
secr v icce.

1) 13 PE I N ENT' PAlI A:

Pe r tinncot data a botut the dami, apprt Aenan t works , and
reservoi r arc presented i the following paragraphs. Sheet
1 0of Append ix A i s a plan of the embankment arid sp illways
w ithr a typical cross sect ion of' the dam. S-heet 5 presents; a
p)la n and profile of the primary spill way . Sheet 0 p~resen~ts
a profile and cross sect ion of thle foundation dra inage
system.

11he drainage a rea for this darir , as obt ained from thle

B. liievat ions Heet Above AM ...

1 ) op of la ill m eas u r ed) north end 708.0; center 708.S5;
south end 708. 0.
lop of Pam I As - Pii t PlIans ): northI end 77 7;
cecn t er 7()9 .0; so i it )e nd 7607 .7 .

(2) Principal Spil Hway (:rest: As -1u i it Pl ans 702.0;
measured 701.75.

I 3 lme genicv Sp ill way (rest: \s -Bunll1t: Plans 7 b4 .5;
Tica su red 704.



() Pr ima ry Spi I I way (hit Ilet P ipo Injvert: As -Bu ilIt
Plan 190; mneasuredI 71-9.10.

(5) Max imum Des ign Po A ul ln)

(6) Pool oil Date of Inspect ion: measured -7 01l.7 .

(7) St reambed at Pri mary Sp ii Iway Outlet: As -Bui it Plans
715.5; measured 714.1.

(.8) Max imuni la i lwa te r Unknown .

c . Discharge at 1Dam Site:

(I All discharge at the darni Site is throughil un11co1t rolled
spillways.

(2) st ima ted 1) ischIia r- Ca pa c ity a t lop1 o f Darn (I1A1. 7 68 .0)
15246_cfs.

I). Re s ervoir S11rfac e -Areas:

I) At Pr inc ipal1 S1)i IIwa y C recst: AS 1BL I t PlIa ns

2 0. 8 a c re-s -.

(2) At lop of Dam11: A\s Built Plans 28.8 aIcre-s.

1,. _ Storage10 Ca1 LaC itieS:

(1 At Priic ipa ISp;I i I Iwav Crest: 343 acr e--f

(2) A t lop of 0 am il .1. 7608.0) 18 5- a,]Cc- ft.

I. esr vo ir leng11,thIIs:

II A t P)r in c ipal., Sp1)ill waiy Crest ( ILs t i mnatecd Fr omn A s - 1Bu ilIt
Pl 1ans) : 300 It.

(2) At Tlop of- Dam E st ima ted f rom As - Bilt l Ians)
.S00 ft.

I Fy ) : roll ed eart h.

(2) Length at C"rest: 5 2(1 ft

(3) Ileight: F2 ft.

-1
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(4 'lop Width: 14 ft.

(5) Side Slopes: 2.5 II: 1 V.

S(6) Zoning: homogeneous silts and clays.

7) Cutoff: shallow core trench.

1t. Princip al :Sp i 1

1 location: center of dam--Station 4+50

S(2) Type: 2 ft by 0 ft drop inlet concrete structure
(crest elevation 701.5, 12 ft in length) with a 24 in.
diameter reinforced concrete outlet pipe through the
dan. The outlet pipe is 204 ft long, supported on a
type A3 cradle with 5 concrete antiseep collars. 'ihe
pipe inlet invert is at LI. 750.00 and the outlet
invert is at I. 719.00 (see Sheet 5 Appendix A).
A plunge pool has been created at the end of the
outlet pipe and dissipates the energy of the flow.

Lnmergency S ilway"

I 1) Location: south abutment.

(2) Type: grass covered earth with 5O ft crest length and

3 I: I V side slopes.

- )
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Available design computations and reports for Darn
A-21 include a geology and soils report which contains :;oils
testing information for the foundation and borrow materials
(includes soil classifications, grain size analyses, shear
strength tests, consolidation tcsts and permeability tests).
Based oln this information, design recommendations were made
regarding site preparation, foundation drainage and embank-
ment configurations. 'he As-Built plans contain a summary
of the hydrologic and hydraulic design data used for the
primary and emergency spill ways. No documentation of
construction inspection records have been obtained. There
are no (oculnented maintenance and operat ion data to our
knowledge.

2.2 )tSI(;N:

A. Surveys:

The As-Built drawings show the topography of the
immediate dam site area (Sheet 4 of Appendix A). A bench
mark in the form of a bolt in the center of a bronze plate
is located on the outlet end of spillway (BM1 No. 2 - llev. =
760. 05).

B. Geology and Subsurface Materials:

Physiographically, the site is located in the Missouri
River loess hills area, which is characterized by gently
rolling topography. The subsurface matcrials in upland
areas generally consist of in excess of 20 ft of loess
underlain by a Kansan Age glacial till material. Geological
maps of the area indicate that the bedrock is the Marmaton
group of the upper l esmoin i ies ian series of the Pennsylvanian
system. The Marmaton group consists of a sucession of
shale, limestone, clay and coal beds.

A publication entitled "lIVa luation of Missouri's Coal
Resources" by the Missonri Geological Survey indicates that
tile "lexington Coal I!ed" was mined extensively in this area.
The maps associated with this publicalion indicate that the
dam site lies near tile southern boundary of tihe undermining
activity and that tile coal seam niimned was alpproximately 20
in. thick in the area. '1lhe 1...G. S. quad sheet for tile area

0 t
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Camden, Nlissouri, 195) ind icat es an inactive mine shaft
approxim;te lN one mi Ic northwesi of t lie dam (sec Sheet 1
of Append ix (). '1h Coa I Resources pub I i cat ion previous 1)7
ment ioned ind icates that the depth to the coal scam at that
location is approxinmately 32 ft and that the thickness of
Stie scam is 18 in. If the coal seam is horizontal , then it
would be at a depth of approximately So ft below the stream
bed at the center of the damim (coal seam at elevation 600 to

A boring plan and dcscript ion of tile soi Is encountered
in tile borings (Sheets 14 and 15 of the As-Built plans) are
presented as Sheets I and 2 of Appendix B . Sheets 3, 4 and
5 of Appendix B present a description of the surface geology
and physiography, and interpretations and conclusions
regarding the soils encountered in the horing program (from
geology and soils report by SCS). 'lhe soils encountered in
the borings are generally low plasticity clays and silts.
Dry density determinat ions on "core" samplcs were between
1.04 g/cc (64.8 pcf) and 1.39 g/cc (86.7 pcf), and esti-
mated "I'blow counts" were between S and 10. Sand layers
(1 ft to 3 ft thick) were encountered in several of tile
bor ins between el ev at ions 700 and 710 . Jne deeper sand
layer (7 ft thick) was encountered in boring 303 ati about elevation 690. "Refusal" w~as encountered in borings
6) and 501 at elevation 075 to 680 (probable elevation of
bedrock) .

C. Foundation and I.mbanknent Design:

Re ference shou ld be made to Sheets 6 through 9 of
Appendix B which contain a summary of the soil test data and
r.ecomnmendat ions for the foundation and embankment design
(from geology and soils report by SCS). Because of the
existance of sand layers a foundation drainage
s yst em was developed (i ncIuodes a drainage trench and
vertical drains penetrating to elevation 700). The foun-
dation drainage system is shown on Sheets 5 and 6 of
Appendix A If ron As-Built Plans). A shallow core trench
apparently was constructed at the base of the dam along its
entire length.

7
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,\n abutment drain was cons t 'jted in the south abutment
as shown on Sheets 5 and 0 of Appendix A. hlis was apparently
not part of the original design but may have heen required to
control ground water or "springs" during construction. The 
landowner ment ioned that several "springs" existed in the
stream valley before the dam was built.

PRorrow material for the dam was obtained from thef reservoir area upstream of the embankment. Stability
analyses based on the use of this material were performed by
S CS. It was recommended that the embankment materials be
compacted to 95 percent of the maxi mum dry density as
obtained by the Standard Proctor Compaction 'lest and at a

r moisture content wet of optimum. There is apparently no
particular zoning of the embankment, and no internal

1 drainage features (except for the previously described
foundation drainage system) are known to exist. No con-
struction inspection test results have been obtained.

i ~I). lv'dro1 "- and llydraulics:

Des ign dat a , storage curves and rout ing curves for the
''emergency sp ill way" and "freeboard'" hyd rog raphs are p re -
sent ed on Sheets 10 through 12 of Appendix B (from As -BuiLt
p lans by SCS) . Based on this data, a field check of spill-
way dimensions and embankment elevations, and a check of the
drainage area on 1.S.(G.S. quad sheets, a hydrologic analysis
using II.,S. Army Corps of Engineers guidelines was performed
and appears in Appendix C, Shects I to 8. It was concluded
that the primary and emergency spillways combined will pass
33 percent of tile P'robable Ml;1xi111L Flood.

1K Structure:

Structural deskin computations for apurtenant struc-
tures were not obtained. Details of all concrete structural
elements (riser structure, etc.) are shown on the As-Built
p lans.

2. 3 CONST RUCIT ION

No construct ion inspection data has been obtained.
Construct ion superv is ion was accomp Ii shed by tile Soit Con-
servation Service district office in Iligginsville,
Missouri.

8-
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2. 1Tl~RAT'ION AND I) A I INANCE:

I (in ~t hi s structunre, t here i s anl operait ion a nd ma in tenance
agreement between the Soil Conse rvat ion Sot-vice and the
Well ington -Napo lean hat ershed Subdistrict. 'the operat ionI and maintenance a greemen t spell s out the opera tion and
mla intenance rcqu iremen t _, and thle i nspocCt ion procedures.
Dlist rict SCS o f fice plersonnelI ind[i cated thfat a yearlIy
quest ionna ire is sent t o land owners i nqu ir i m,, a S to mla ini-
tenance problems. It. was reported that inspect ion stops are
made onl an iiregular has is b)y SCS di strict personnel filgginsvii le

Iof fice)
2 . 5 I;VALUAI ION:

S Ilope s tab iIi t y ana lyses we re pe r formed , but seepage
anal vseos compa rablIe to the Re commended Gui del inies were not
ava ilIable . The foiindat ion drainage system shown oil Sheet 6
of' Appendix A would indicate that a seepage analysis has

I been per formed. The owner should ci ther locate these
analyses or have them performed by anl engineer experienced
in thie des ign of dams.

Ahe eng incerino data available wvere inadequate to make
a detailed assessment of the design and particularly the
constirt'ct ion oi- the darn. No valid engineering data onl theI construct ion of the embankment were found.



1 3.1 CL NI RAE 3 -VISUAL. INSlIECTIlN

inpcIo emcnite personneaci mAdrsnEgier
Inc ofSpringfieldf, Missouri and Hanson [rigincers , Inc. of

Springfield, Illinois. The team members were:

Mike Cr-ay - Anderson Ingineers
fa1s t 1rumle 11t Man 1

1 Steve Brady -Anderson Engineersf(C iv i Il nginee r)

.1.Jack Hlealy -Hanson Lng ineers
((-cotechlnical C, Structural Enigineer)

Gene Wert epny -aso Liineers cr

I PDave Dan ie s -Hanson Enlgi1nee rs
I(Geotecbinici i (Hydraulics Engineer)

53.2 DAMN:

The dIam is an ea rth f ill embiankment cons truc ted from
bar row obtained from the emergency sp illway a rea and the
reservo ir area below ihormal pool . Pased onl the s oilI

)-or iniS , the fil 1mter-ia'l Would be expected to cons ist of
low plasticity clays and silts.

(lie embankment a ppea red to be in generally good condi -
t ion except for the following deficiencies: (I) Sl ight
erosion oil upstream face .50 ft no rth of piimary spil1lway;
(2) E~rosion channels Onl dIownstream abutmlent -dam contacts
bhoth abutments) pr ima rily from upper berm downward;

(.3) Scattered growth of' locust trees uip to S in. in diameter
onl the downstream face.

No slough inrg of thle embankment or seepage thIirough or
under thle embankment was evi dent. Thie foundat ion dra in
out let was flowingo (estimated flow less than 0.5 gpm) . T'Ie
South abulltmen~t dra inl wa's a lso flowing etiate flo less
thban I gpin)

lo (



I
Some water was standing ill tile Iidd le of the lower

berm oil the donstream side of the dam. Because of high
grass and brush, it could not be determined whether this
was seepage water or merely due to poor drainage of thef inward sloping berm.

The horizontal alignment appeared as constructed. No
surface cracking or unusnal movement was obvious. I t should
be noted , however , t hat oi cvat ions o f the primary spill way
crest and tile center of the dam which were obtai ned in the
field were approximately 0.5 ft lower than as indicated on
the As-Built Plans (see Section 1.3.B of this report). All
other elevations obtained in tile field agreed fairly well
with those indicated on the As- Built Plans. The descrepancy
at the center of the dam might be explained by the possibility
of some post construction settlement of the center portion
of tile dam.

No instrumentation (monuments, peizometers , etc.) were

obse rved.

A. Primary Spillway and Outlet:

lhe riser structure was in good condition--no cracking
or spalling of concrete was noted. The intake structure was
surrounded by heavy grass and some wood debris. Water was
flowing into the riser structure on the day of inspection.

The outlet pipe was also in good condition. The flow
from the outlet pipe was estimated to be less than I cfs.
A plunge pool has been created at the end of the outlet pipe
and acts as an energy dissipator. A :1 ft deep erosion
channel was noted along the south side of the primary spill-
way outlet pipe.

The outlet channel is overgrown with small trees and
brush near the primary spi1lIway outlet pipe. The outlet
channel side slopes are in good condition except for one
small slough 21 to )0 ft downstream on the north bank.

Al oni the last portion of the primary spi I lway outlet
pipe, there is a 0 in. diameter corrugated iron pipe (Class
II, Type A) , which is tile outlet of tihe foundation dra image
sy stem1 for the ellmilknent. lie pipe has ;1 length of So! ft
and a slope of 0(.01( . It is silown on Sheets S and 0 of
Appendix A.

*r ! lI I I I I



I
I . !Fmergency wpl~ ay_:,:Td e emergency spillway is ilr good condition. it

measures S0 ft in width with 3 11: 1 V side slopes. The basel and side slopes of the emergency spillway are grass covered. i

No erosion was noted and it appears that tile emergency
spillway has never been used.

j 3.3 RIStIRVOIR AND WAUlRSHED:

The immediate periphery of the lake was grass covered
with moderate slopes. No sloughing of the reservoir banks
were noted. A few areas of minor erosion were noted.

3.4 tVALUAT ION:

Tree growths noted oni tile dam should be removed and all
future growth should be removed on a yearly basis. Grass
should he cut and debris should be removed from around the
primarv spillwav crest. Excessive growths and debris in this
area could cause entrance restrictions. Visually observed
erosional areas are deficiencies which, if left uncontrolled
or uncorrected, could lead to serious problems in the
future. 'lhese deficiencies should be able to he corrected
by normally scheduled routine maintenance. The wet areasj noted oi tile lower berm should be investigated more
thoroughly after excess brush and overgrowth is removed to
be sure that these areas are not associated with seepage
through tile dam.

Photographs of the dam, appurtenant structures, an(d the
reservoir and watershed are presented in Appendix D.

12
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4 .1 PROCLIIURLS:

There are no conro l led out let works for- thi s darn;
therefore, 11o r-Cgulat inlg procedures exist. I 1)00 pooi
controlled by rainfall, runoff, evaporation and the ca-

pac4. ie OfL N he LNANC~iO~rl

Based on the amount. of' brush and the size of' trees onI the downst ream slope it has been several years since the
vege~tat ion on the dam has been cut. Maint enance in terms of

ti-ee and hbrushI remov al and mow ing o f the grass i s apparentl1y
the responsibili ty of the land owner. A yea.rly Cquestion-
na ire is sent to land owners inqur ing as to maintenance
problems Inspect ion st ops are reported to he made on an
irreg ular basis by SCS district personnel .

4 .3 MA I N ITNANCEi 01; OPRATI NG FAC 1, I LlES

No operating facilities exist at this dam.

- . 4 DELSCRI PTION O1: ANY WARN ING SYSTL.1M AND AFFECT:

I The inspection team is unaware of any existing warning
system for- this dlam.

I 4. 5 LVAIAT~ ION:

Tree and brushi growth should he removed from the dam onI a yearl b) as is . Eros iona I a reas at abut men t - dam contacts
and other areas should be repaired. The use of riprap to
p~revenit future erosion in these areas is a possibility.

- 13 -
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SECT ION 5 - llYlR , I (;/I)ROLO(;I

5._1 EVALUATION 01: FLAuRIS:

A. Design and Experience Data:II
Design data used by the Soil Conservation Service to

design this dam are shown on the As-Built plans and pre-
sented as Sheets 10 through 12 of Appendix B of this report.
Based on this information, a field check of spillway
dimensions and embankment elevations, and a check of the
pool and drainage areas from U.S. ;.S. quad sheets, a hydro-Ilogic analysis using U.S. A\ry Corps of Engineers guidelines
was performed and appears in Appendix C, Sheets 1 to 8.

B. Visual Observations:

The riser structure and outlet pipe for the primary
spillway appear in good condition. Ihe earth and grass
covered emergency spillway is in good condition. 'lHie l)ri -

mary spi 1 lway was flowing on the day of inspection (estimated
flow less than 1 cfs). The emergency spillway has apparently
never been used. A 1 t deep erosion channel was noted along
the south side of the primary spillway outlet pipe. A plunge
pool hlas been created at the end of the primary spillway outlet
pipe to dissipate the energy. The outlet ciannel is overgrown
with small trees and brush.

No facilities are available to draw down the pool. I he
primary spillway is located near the center of the dam and
the emergency spillway is located on the south abutment.
Spillway releases would not be expected to endanger the

I integrity of the dam.

C: .. _Ove rt oppIing Po ktent ial31

I ,ased on the hydrolog:ic and hydraulic analysis as
presented in Appendix (, the combined primary and emergency
spillways will not pass the Probable Maxilnni Flood w ithout
overtopping. 'lhe Probable Max imum 1Food (1P.1F) is defined as
the flood discharge that may be expected from the most
severe combination of critical meterologic and hydrologic
conditions that are reasonably possible in the region. [he
recommended guidelines from the Department ol the Army,
Office of the Chief of lngineers, require that this structure
(intermediate size with hii in downst ream ba:.ard potential)
lass--100 percent. of the PMF, without overtopping.

I~
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Tlbe rout ingu ofC t lie PII t hirough the s p ii I ways and Da in
j indicated that the Dam will be overtopped by 1 .99 ft at

reservoir elevationl 769 . 99. *1he durat ion of the overtopping
wil Ih )e 4 . 038 hrs . and ( thle max imum ou t flIow 67414 c fs . F f fty

5pe rcen t o f thle I'MI was alIso rouItedC t hrough thle sp il11ways
IresulIt i ng in :i ma x i mum rese rvo ir eleva t ion o f 768 . 83 , 0 .8 3

ft above the top of t be dam (768.00) . The peak out flow was
2879 c Cs. Thei port ion of the PMlF that will just reach theJtop) Of the damI is about 33 percent. The spi I iway's System
will Ibe able to pass the 100 year frequency f 100(1 withou~t
Overt o ppin g.

-I- -----------



SF.Ci I N 0 - SRiIJ(GIUP\i, SlAB ILITY

0.1 FVA IiA [ION O F SF R(ICTUJRALI SIAB131,1'VY:

A. V i sua I Obse rcva t ioils

No secr-i ous d c f i c jci c es wh ich won Id a f fecct thle
StruC t LIralI s t ab)iIi ty o f th is d am we re notecd du r ing the f ielId

n1S pcc t i Onl. H~loe'er , i f Ceft Unchecked, trcee erowth and thle
* eros ionl at aIbutment -dam contact areas Could CauIse stability

problems in the future. The wet areas noted on the lower '

be rm of thle down st ream face Sect ion 3 .2) s houl Id be checked
after the overg rowth is removed to be sure than this is not
associated with a seepage condi tion through the dam.

B . lDesign and Construction D~ata:

StabilIity analyses were performed by the Soil Con-jservat ioil SerIvi*1Ce and reCCOnIeIIndat ions Wer made.'LI regard ing
s ide slopes, bernT Widkiths and compact ion denlsit ies (.see
Shie e ts 0 thir o ugh1 9 o f Appe1 cnd ix B ).. Our site inspect ion
indicated that the side s lopes and berm widths were asIrecommended . I f thle emba n kinent wa s p) 1a cedI i n r e I at ive IN,
thli n i f ts at thbe rec ommended den s it y o f 9 S percent o f the
Stanidard Proctor maximumLI dry density (no laboratory test ing
records. available to verify this) , then the embankment

shold 1(1 ai avilbewiachblcnsdre.

gA scepaee', an: y.-is co11mrable to the requirements of

def ic iecv~ and should he corrected.

C. Operating Records:

isNo appurtenanit structures reqilring operation exist at

1). Post-Construct ion) thamges:

1( onr knowledge , nl o Pos t - c on ist r-u c t i on c it ani g es havec
been ri 1ade.

1. . Se Sism i c S-tab 1) _Iit>':

ConIsider i ni tie se ism ic -. mnc ( I I ini tNlieb thiiis dam is
located, anI ea rt liquake of this imauni tutde is not expected to
cause a st ructura I Cai lore to this daml.

f - I lo



I --- \SASSNLN Ai.II. Al Mi\Si'i

A. Gicnar :

lThis Phiase I i ns pc t ionl anld evalI nat ion should niot be
considered as be ing comipreliens ;ive since the scope of work
CooitraCtcd for is falr less detalil ed thlout won d he rcq(uirCCd
for anl in -deplth ev C;I nt i~ O f dams. Lat ent deficiencies,
whiCh mlight. he detocte Oki a) tota Il compreheons ive inves -
t igat ionl, Could ex St.

P. Safecty:

Flie criban kien t ;ippea,., red t o he i n g emi ra I I y good condii -

i onl except for thle fol lotill, defic ic ies: (1) ,;ligh t
c o ~i) 1oil onl tips t realm faice SO ft no0 rt ii o f p)r imary spii I iwvay

2 ) I ros ion channelIs onl downst reamII abuItmenlt -daml conltacts
hot Ii ab itimn lt' ) 1)pr i ma:1r i I ), f rom uippe r be mi1 downwal rd ; ( 3)) A

41 ft de ep er os i onl canne I a l Ong the soth s side of' thle primarv
srI i ilway out let pipe; ( 1) Scaittered growth of' locust trees up
to 5 inj. inl diameter onl thIe dowrist ream face; (5 ) overgrowth
of trees and brush near the pr imiary sp ilI way outlet p ipe;
and (0) Lack of- axa i fable seepage analyses.

W\et a reas were noted ill the mtiddlIe of- thle lower berm onl
Ie downlstre'lln side of tile dam. Becauise of- tile hii grass

a iid ove ig row thI, it Coul 1(1 ot ho determinled for- certa in
i-heithecr teeareas were a ssoc iated with I eepage through thle
dam or were me rely thfe resti It of poor (Ira inage ( inw.ard
Sloping berm11, il u I a S , etc I i SC1 is coi it i on sli o u Id( bec
evalu at ed againi a fteor t le t roes and ove rgrowt l have beeni
remioved.

'I le ex ist i mi spi 1l wacy syst em1 i s i 1Oadequtat C' to pass5
t l1e PH 1f w i tf1 It 0oVuert 0pp i 11ig t liC emb1anlkment . 'I lie daml wi I I be
overtopped by flows inl ex\cess of 33 percent of- tile Probab le
Ma'lx i mum l 1 od . Tii Probable Mzix imtitilt ood 10(1 PNIIJ is de fined
as, tilie flood d iscia rge tihat may lhe expected from tile mtost
seve re coiil at i on of met eoro logic and iyd ro ori c Condi t iolls

batt aire rc'asoiiabl possi blIC inl thle region. ()veCrtopilg of
airt carthlen etubaiikmitnt conuld causcseS'r is eros ion and coil d
possibly lecad to Failu tre of- tilie strtuctur e . *ilid o Ox S t i ng
spilI wa'v syst em w il ibe able to pass thle li) year frequecy
fl Iood 1%I tfliout overtoppinig..

-17-
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C. :\deqiIlc)y of- IIn format ioll

'fihe conchlsions in tli;s report were based on review of
the As-Built plans, the geologic and soil mechanics report
prepared by the Soil CIonsCrvation Service, the performance
history as related by others, and Visual observation of
external conditions. 'lhe inspection team considers that

these data are suff icient to support the coliclusioiis hcre in.
l ~L 1. trenc v:

ile remedial nea sures recommended in pl'irairiph 7.2
shold he accompl ished in thie near futilre. If the de-
ficiencies Iisted in paragraph B) are not corrected and if

* good maintenance i not provided, the embankment condition
will continLue to deteriorate and it could become serious in
the flit irre . lop p r ior it y shol Id be gi vei to correct ing
inadeqate sp i llW;1 VS

l. Necess ity tor Illhase I 1:

Based on the result of the Phase I inspection, no Phase
II inspection is recommenided.

1: Sei smIc_-__ Stab i 1i t y :

ThIbis dam is located in Seisoic 7one 1. \n earthquake
of thiS mag nitude is not expected to be haz0rdous to this

7-.2 R1MLI) IAL NILASUR IS

'lhe0 fol low i lig rem d a C m01111e asutIr es a 1kIn i ma inIiten ia n c c p)roc c,-

(lures aye reco Iiiienided and 1111 ShOld be performed under the
guIidaInc e of a professionl engineer experienced in tile design
and cons t rict ioil of da lS .

I) I pillway size ;lnd/or heil ,ht of (1:11 Should he increased
to pass the ':41. In either case , the Spi l wt"y should

be protected to prevent eros ion.

2) Seepage a malI's(s comiipalrablI to the requirelflents of' tle
go idel i , e , ue i t me ;) i I;i1h I C, w i ch is cons ide red a
(tef i ci ency a rnd hoiild he corrected.

I

I
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3) Remove exist in, t ree growth on the downst ream face of
t the dall and remove a I I tt Iure t ree and brush growth on
a vea rl y basis. Cut the high grass and remiiove the
debris around the primary spillway to prevent re-~st riot ions.

(4) C1orrect tie eros ion act ivit y at the embankment -abutment
- contacts on the down st ream s ide of the dam and along
* tie south side of the primary spil lway out let and place

riprap in these areas to minimize erosion in the
future.

5) Clear the out let channel of the brush and tree growth
for a distance of at least 50 ft beyond the end of theJoutlet pipe.

(0) Check the downstream slope periodically for seepage and
stability problems. If wet areas or seepage flows areI observed, or if sloughing is noted, then tile am should
he inspected and the situation evaluated by an engineer
experienced in design and construction of dams.

I 7) A detailed inspection of the dam should be made at
least every 5 years by an engineer experienced in the
design and const ruct ion of dams. More frequent inspec-
tions may be required if slides, seeps, or other items
of distress are obscrved.1

I
I
I
I
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sh~t I ofUNITED St'kTLS VPARY014 NT Of~ AGICULIURE
Se SOIL CONSERVATION SERVICE

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

GENERAL

state ____._r__ County. K' iE. Sec. 2-L.. Trn.L" R 22" Watershed ,t t -

Subuatershed Fund class "' !!.10 Site number ",-!I 9ite group T Structure class *
(FP-2, VIP-I. et.)

Investigated by'i |. '!' :', " • Equipment used 13t-' -! I ', ,Date -.1 Cf,
(signature and title) % (Type. size, make, model, etc.)

SITE DATA

Drainage area size 3sq. m., 1 acres. Type of structure - , Purpose .' I_ 0 tf.-

Direction of volley trend (downstream) ,Maximum height of fill FOX _____feet. Length of fill - feet.

Estimated volume of compacted till required r'en yqrds

STORAGE ALLOCATION

Volume (ac. ft.) Surface Area (acres) Depth at Dam (feet)

Sediment 34L.r__ - _ ,"1 /. o : C _

Flood,,tr 377 27.7 6t,1

SURFACE GEOLOGY AND PHYSIOGRAPHY

Physiographic description IS,'JI1 Ur ai.0 -0552 . Topography " T'llir.' .Attitude of beds: Dip , Strike

Steepness of abutments: Left ., percent; Right 32 percent. Width of floodplain at centerline of dam feet

General geology ofsite: T .* i. { |C_-t - i n - c"(,'r- tl ,; r-1 I -i irnrvn tf'i. ,-- --i-.-,-

Vr-,n .4 to ' -rcrt. r ircc , t" o , In,- r-! r c /j,'-, 7,1.' r .,,

to r f', r - re~ mn,,' arrncv'~i' I1iv.*~ "1-n or I-- 'rorck -'rnv- I t'

cycic e':;U.its e'1-1 clrj:-tE.ri : ,0 1-y tl~ir cnfl.:o wi tI t,'i 0i7A r rs cf local

ociurrenc(.. Tie ,rai nae . i L-ttcrn is :eIl I{V'loI,-.

SHEET 3 APPENDIX B



1 SiDETAILLu~ GEOLOGIC INVESTIGATION OF DAM ....ES

Centerline of nem, Principal Spilloy, Ewmer ency Spillway, The ',trpan Channelo
(Centerline of Dam!? hsp4Stlit& Mherk" S001siint flerf C~afpq dVbuiga;ons dw Opag~otgructure, Borrow Area, Reservoir Basin. etc.)

AI

DRILLING PROGRAM
Number ot Samples Token

Equipment Used Number of Holes Undisturbed Disturbed

*Exploration Sampling (state type) Large Small

FA, SP. T 11 9 8 Shelby 6 16

Total ___ _ 10 8 716

SUMMARY OF FINDINGS
(include only factual date)

The loess soil on thie abutmeonts is rlovelope4f to a depth of anproxim-atcly If to 12

feet end classified a redlum CL* The underlying loess is classifiee as "r.lu: 1I to

to lo L h os sudranwt luilepst ~hvr ncr",sition

end consistency. The fi rst zone i s r-ostlIy CL mter ial wi th I- n,# coun ts r ,- from

in TiI #301 and W/6 was at elevation 67? .,nd 675 re'spectively. cravclly clay classi-

fied CL occurs above the bc' 4rock.- Strati, pockets ,#iif lons of S", SP and CL with

thin stratum of sand vvre fouind th~ouqht tile central part cr-ank--unt finninticn

and the foundation of the :rircip3l s-.illWay. "aterf.-I clossified as or 'anic VL

and 11. high in orr-,anic n'atter ccrurs k6,low the ch)annel, in V-r ril' tabutm'nt and alonj

7 the L of the Principal SiIlway.

'borrow areaslocated are to ext'-nd 1000 feet from~ the centerline of Oamn.

orrow Area To -' , i I ~ ~ 't i vaih:"lo

Jl 59625 1 0)75

IC3 ~2, - 00

Emergency -4pillway 250 750

_____________________________SHEET 4 APPENDIX B



I 'm SC.3376C0 A . SSS

FoelA~~vkU~eDETAILED GEOLOGIC INVESTIGATION OF DAM SITES

ytfI 111gt ourl - County ..J.f aygetto ...... Watershed __',o1Q Con Subwatershed_________________-

4 numbe...A 1. . Site srouP I................ Structure class A. .. ~ inwestigated by (gn atr and-Y rf tOit6le).

The loes-, in the atutmnts telow the Oceveln~ped soil profile Is classified as
medium YL to low CL except for the stiff CL In TH III1 from 17 to ?2 feet. rsti-
mated P/IC of the r'cdiunl loon~s is 4 to 6 and the stiff CL ri/C of In# The maot-
erial on the ri-ht classified as orcjanic I'L and "L. with organic ratter is dark
In color and partially de~composed oircanic material Is evident. The 'a/C was .1
to 10 :.cj44ver Itte water level was below thfs zone at the end of drillinq but be-
came static at (1.5 feet, The zone was separt.'d in t .e fieldl on the Ikasis, of
apparent orrganic ctntvnt, h-etevert shelbys w-re tot:en in representative areas for
laboratory analysis. The uneerlylno CL material had 'IC of 5.7v and 9 in T" ((3
and Prom 5 to 13 in TH '16. There was no recov-rry of slit ttu!'e s-rrates in P1i 116
on sa.;o of the drives and blow cotints of th-cre arn nro)luably not valid* The
sand pocket ec-untored in T'! 12, 'L stition 4 + 75, at five fnet was re-art-f!
to au!ger hard tut nppoare-1 loose, %,?t, r~nfl plerr-c-,hie and classified as S!1 or SP.
This pocket was not in Iii 4301 locat'd at CL -,tation 4 + 69 or TH 9't01 located
531 eojwn strean, fromt CL station 14 4 73 or TIl #62'7 located 391 upstream fro- CL
staition 4 + 71 or T11 '1603 lcted J3a' eoi~nstr.-rn from, CL staton 4 + 26. The
:;rac-nni'. colored sand enc~nzntered in TLI 11l2 and classificd SP at elevation 707
occurs consistently ina tnr c -ntral p.'rt of he fouratton nnd along t!-e CL of
the principal s-illway. It occurrfod at elvvation 70h" In TA9 '3all wh c0 was 3
feeat thi ck and was one f oot t:-.ich f rrrn elIeve t ion 72.1 to '('2, 1t 1s 9?.5 tl- Ick at
elevation 702,5 irn TH ' , I-" fort thick at elevation 714* in T!' I02j 5 fr t
thick, classified S?', at elevation 707.5 in TVI "). It was found ait renerally
the same elevaticnis In T" t1,019 6f2, _'3, ond 3r)3. 1Si -ilar r'atr'rial clas ifind
SP was 7 firet thick at elevation ' 9.6 in 11 '101. The qr.,v.'lly clny cloeslAfied
CL occuring above beerock in III Y6, #11~, and 303 is n t permable.

The eirtreency sni I lway til I c'I in Itoess and hirhly 4erosIve. rxiravotions fromt
the spiliwamy used in the embonkL-rnt v'ill be siini tar and shculd be placed like h
borrott sample 6103.1.

Borrow raterial is scnircc. An irstin'atret 1001'00 c''ic yard will neeff to fe located
either within the gully "-anks or atcive t~e cr'rst elevation of the principal
spillway. An additional 7_r11 cu'.ic ards :n be eOtainod by ar'teneline the !-nrrow

aeas to tIhe crest e-vti'n of t.' rr.'nc. s ilaTo - , oil n- nr -.-I
c,-;p on th s sIl nrfrn rino w to 2 f-- t thlc%. %,w)sh c'~v-rs -r
s-il c';'t:- fhtt , fl .-cr'nt t -i i t rr ni"r t I )y *-"ot.
an :d'i tio.nal cYptiu (.f o-I~:i ,4~ 2 'r., t. cr ~I' s ri* crr.i -,rf,.s cut
ct -rpcr t'an 3 1 1 wil I in:r a , t I r! I-7 rd of s I - OI '! A Z'7,,1 11 i~ *r, - -n - IIs-lIet -,cs
particularily with In the reservicir area dorlnq the Li o renufred fcr tie oool
to fill.1

The area betwocn the eully 'rinks in the founc~ation is woo 4ed. The root zone will
be deep# estimated to be as much as 150.

The channel is active crnd cutting* Minimum treatment thould be required.

4 I SHEET 5 APPENDIX B



j CD"iOe4A P O9k NO. 1O01

$10-04 / +°

- UNITED STATE! OVI RNMENT

I" Memorandum
'-. TO W. S. Culpepper, State Conservation nATE: October 11, 1965

Engineer, SCS, Columbia, Missouri 65202

FROM Rey S. Decker, Head, Soil Mechanics laboratory, ii

SCS, Lincoln, Nebraska 68508

SUBJECT: ENG 22-5, Missouri WP-08, Wellington-Napoleon, Site No. A-21
(lafayette County)

ATTAC MENTS

1. Form SCS-354, Soil Mechanics laboratory Test Data, 4 sheets.
2. Form SCS-128 and SCS-128A, Consolidation Data, 1 test, 3 sheets.
3. Form SCS-127, Soil Permeability, 1 sheet.
4. Form SCS-355, Triaxial Shear Test Data, 6 sheets.
5. Form SCS-152, Compaction and Penetration Resistance, 7 sheets.
6. Form SCS-357, Stummary - Slope Stability Analysis, 2 sheets.
7. Form SCS-372, Recommended Use of Excavated Material, 1 sheet.

INTERPRETATION AND DISCUSSION OF DIATA

FOUNDATION MATERIALS

A. Description and Classification. The complicated geology of this site
had been quite well interpreted in the report. Pie site has loess
over preconsolidated alluviums with sands that show sonic evidence of
past channeling. The creek channel is degrading at present but organic
matter may indicate intermediate reworking.

The loess is logged as CL over soft ML. The alluvium samples which were
submitted class as SP-SM, SM, ML, CL, and CH. These materials are
stratified and contain pockets of organic material.

_Water table is near the base of the loess in most places.

B. Dry Unit Weight (Blow Count). Six "undisturbed samples were submitted.
One was a SM on which rno density tests were made and the rest varied
from ML to CH. The range in dry unit weight for the specimens tested
was from i.C4 g/cc to 1.39 g/cc with a corresronling blow count rarge
of 5 to 10 blows per foot. The total rar.ge in blow count .as from 3
to 13 blows per foct.

C. Consoi~daticn: A test was male on a specimen firn £az re 66w656 at
an initial density of 1.53 g/cc as compared to the core opening
density of 1.36 g/cc. The test results indicate a consolidation
potential of less than .o4 ft./ft. under the load of the proposed
fill. Since the average density appears to be lower, a pctential
of .04 ft./ft. will be assumed for a 20-foot depth under the channel

area.
S 6N!"' "SHEET 6 APPENDIX B
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. 2-- w. S. Cuipepper -- 10/11/65
Rey S. Decker
SubJ: ENG 22-5, Missouri WP-08, Wellington-Napoleon, Site No. A-21

(lafayette County)

At t Station 4+73 (conduit location) the blow count and materials logged
indicate only about half this potential, or 0.6 foot in a 26-foot depth.

Based on b = 260 feet, h = 42 feet, d = 26 feet, a maximum horizontal
strain of only .004 ft./ft. is computed.

D. Permeability: Both horizontal and vertical tests were made cn the SM
sample. Rates of kh = 0.2 ft./day and kv = .006 ft./day were reported.
During the consolidation test, a rate of k = 0.02 ft./day was found
for the ML specimen.

Rates as high as k = 20 ft./day are indicated for the clean SP-SM

submitted from TH No. 12. Unless it can be proven to be a very
limited pocket, not extending upstream or downstream beyond the toes

of the fill, it will be necessary to cut off or drain this stratum
represented by Sample 66w661 (12.3) and indicated in the logs as extend-
ing from 16 feet to 21 feet in depth.

E. Shear Strength: The following shear tests were performed:

Sample Shear

Number Location Material Test Strength

66W656 Hole No. 6, 15.5'-17' CL Triaxial CU* 27.50 - 425

66w657 Hole No. 6, 30.5'-32' CH qu 0 - 2550

66w658 Hole No. 10, l0.5'-li' ML Triaxial CU* 18.50 - 1050

66W659 Hole No. 11, 20.5'-22' CL qu- 14

*CU- Consolidated, undrained.

The weaker shear strength indicated by the test on 66w656 may extend
down as deep as 20 feet,based on blow count, in the channel area only.

EXBAC ,EN T MATERIALS

A. Classification: Borrow samples submitted all class as CL and are all
fine materials with LL varying from 30 to h2 and PI from 13 to 0.

B. Compacted Dry Dnhity: Standarl Proctor tests were made on all the

large-bag samples. Maximum dry densities varied from 100.5 p.c.f. to
104.5 pcf.

C. Permeability: All compacted borrow like the samples submitted will be
low in permeability.

SHEET 7 APPENDIX B
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3 -- W. S. Culpepper -- 10/11/65
Rey S. Decker
SubJ: ENG 22-5, Missouri WP-08, Wellington-Napoleon, Site No. A-21

(lafayette County)

D. Shear Strength: Consolidated, undrained triaxial shear tests were made
on two samples. The tests were made on specimens molded to 95% of
standard density and soaked before shearing. Test values were ll.5,
C = 925 p.s.f. for 66W662 and 0 = 19*, c = 850 p.s.f. for 66W663.

E. Consolidation: No tests were made. Based on the nature of these
materials and previous tests, a residual settlement of 2.5% of the
fill height at the channel is expected.

SLOPE STABILITY ANALYSIS

Slope stability was checked by a Swedish circle method. A phreatic line
was assumed as developed from the emergency spillway crest and impinging
on the downstream slope at the berm, elevation 7110. Cracking was assu.ed
down to the phreatic line. Weak foundation was assumed to a 22-foot depth.

Even with these severe assumptions, a minimum upstream safety factor of 1.29
against full drawdown and a downstream safety factor of 1.58 were computed.

SETLEMIT STRAINS

Differential settlement will cause some strains but the plastic embankment
materials should be able to adjust without cracking.

CONCLUSIONS AND RECOMMENDATIONS

A. Cutoff: It appears impractical to cut off all the organic or stratified
material and sand pockets noted in this foundation. A cutoff trench
of moderate depth (5 feet to 8 feet) is suggested with a short drain.

B. Principal Spillway: The proposed location has foundation conditions
acceptable for a concrete pipe.

Use a pipe camber of 0.5 foot.

Base pipe joint design on a maximum horizontal strain of .004 ft./ft.

C. Drainag7e: Due to the stratification, organic materials and sand
pockets, it is believed desirable to provide drainage under the do;.,n-
stream berm from abouL Station 4+50 to 5+50. The drain trench should
be 8 feet to 10 feet deep to contact the more permeable strata and
outlet into a slotted pipe.

.-Unless it is proven that the deep sand pocket represented by Sample 66W661
(12.3) does not extend upstream or downstream loeyond the toes of the
proposed fill, it must be relieved by a well. A deep pit backfilled
with filter sand would accomplish this if this would be more economical
than a standard well.

1 i SHEET 8 APPENDIX B



j 14 -- W. S. Cul,.pper -- 10/11/65
Bey S. Decker

SubJ: EIG 22-5, Missouri WP-08, Wellington Napoleon, 
Site No. A-21

(Lafayette County)

Filter sand should be composed of a fine, 
well-graded sand like ASTM fine

concrete aggregate. A coarse segment would then be required around 
the

drain pipes.

D. Embankment Design: A homogeneous..fill of CL materials compacted to

of standard is recommended.

Make both slopes 2 1/2:1 with berms of lj_ feet at elevation .6k? up-

stream and 19.. downstream as proposed.

Provide overfill of 1.5 feet at the maximum section 
to compensate for

residual settlement of about 0.6 foot in the foundation and 0.9 foot

in the embankment.

Prepared by:

Roland B. Phillips V

Attachments

cc: W. S. Culpepper ()

Higg, Project Engineer

C. A. Reese, Lincoln, Nebraska

D. S. McVicker, Lincoln, Nebraska

SHEET 9 APPENDIX B
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HYDRAULIC AND HYDROLOGIC DATA

DESIGN DATA From As-Built Plans and Field Measurements

EXPERIENCE DATA: No records are available. Owner stated
that to his knowledge the lake normally remains at pool
level elevation with some overflow. The apparent high
water mark is at elevation 764.0 ft which is about 0.2 ft
below the emergency spillway crest of 764.2.

VISUAL INSPECTION: At the time of inspection, the reser-
voir pool elevation was 761.7, which is about 0.2 ft above
the measured crest elevation of 761.5.

OVERTOPPING POTENTIAL: Flood routings were performed to
determine the overtopping potential. Since the dam is of
intermediate size with a high hazard rating, a Spillway
Design Storm of 100 percent of the PMF was prescribed by
the guidelines. The Probable Maximum Flood (PMF) is
defined as the flood discharge that may be expected from
the most severe combination of critical meteorologic and
hydrologic conditions that are reasonably possible in the
region. Reservoir area and storage data and the watershed
drainage data were obtained from the As-Built plans. A
5 minute interval unit graph was developed for this water-
shed area which resulted in a peak inflow of 1335 c.f.s. and
a time to peak of 15 minutes. Application of the probable
maximum precipitation minus losses resulted in a flood
hydrograph peak inflow of 7453 c.f.s. (see Sheet 5 of 7).
Rainfall distribution for the 24 hour storm was according to
EM 1110-2-1411. Considering all factors, the combination of
dam, spillway and storage is not sufficient to pass the PMF
without overtopping. The embankment crest (El. 768.0) would
be overtopped by 1.99 ft at flood pool elevation 769.99.

Fifty percent of the PMF was routed and overtopped
the dam by .83 ft through the spillways. The portion of
-the PMF that will just reach the top of the dam at elevation
768.0 ft is about 0.33. This flood event is in excess of a
100 year frequency flood. For additional data see Summary
of Dam Safety Analysis, Sheets 3 and 4 of this Appendix.

Sheet 2 Appendix C
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oVLR'1'PilN' ANALYSI S FOR1)rA21

INPUT PARAMETERiS

1 . Un it lyd rog raph - SCS 1)i fllnf i on less FloI od Hy>(1rog raph
Package (111"C- 1); Dahm Safety Version
Was Ulsed.
Hydraulic Inputs Arc As Follows:

a. Twenty-four Hour Rainfall of 2 5 Inches
For 200 Sqluare Miles - All Season Envelope

b. D~rainage Area = 426 Acres; = .67_ Sq. Miles

C. Travel Time of Runoff 0.33 Irs.; Lag Time 0.2 lirs.

d. Soil Conservation Service Runoff Curve No. 85 (ANIC III)

e. Proportion of D)rainage Basin Imipervious 0.05

2. Spillways

a. Rating Curve for Primary Spillway: Drop Inlet Concrete
Structure (Crest El. 761.5) with 24 in1imee ,C
Pipe

b. Emergency Spillway: Trapezoidal Cut-Seeded (Crest
1:1. 764.2)
Length 50 Ft.; Side Slopes 3:1 ;C =2.65

C. Dam Overflow

Length 520 Ft.; Side Slopes vertical; C =3.0

Note: Comib ined Sp illway and D)am Rating curve computed by
Hanson Engineers. Data Provided To Computer on
Y4 and YS Cards.

SUMMARY 01: DAM SAIj:j:jIY ANALYSIS

1. Unit hlydrograph

a. Peak - 1335 c.f.s.

b. Time to Peak 15 m.

2. Flood Rout ings Were Com1puted by the Modi fied Puls Method

a. Peak Iniflow (see Sheet 5)

50% P111: 3726 c .f .s. 1 00~ P'M 74S3 c.f.s.

Sheet 3 Appendix (C



I

b. Maximum Reservoir Elevation

50% PMF 768.83 100% PNIl 769.99

c. Portion of PiF That Will Reach Top of Dam

33 0; Top of Dam Elcv. 768.0 Ft.

3. Computer Input and Output Data Sheets 6 and 7

Sheet 4 Append i x C
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tA r.RYE 7 TE CC,~ '-2 !1 PROtBABLE fMAXItU" FLOOD) (INPUT DATA)

.- Q rVERTppIPP!C, NAILY., FOR LAFAYETTE I'0. DAM A-2! (HEC-i I DHM S AFLTY PFLGPRA
I= C. C r. 1 7 C0 G A ME L F kYE T TE S T ATE 10 NCE Mg . 1 01 44 OW F., WE L L NGT C!, -t, PQ

A A :6 , H, tJ CO 4 E NG 1 ,4E ErS N[ )%, 'C. [ i 4 FE TY INSPECT ION ( JOB N 0. 0 3 779 8 , * :
--s 3 a 0 5 0 0 0 0 0 4 (1

! 0 1 0 30 0 35 0.40 0 45 0.5 t OO
K 0 I3 I

.* INFLOW HYDROGRAPH COMPUTATION .4..

250 102 120 130 -1 -5Ro ! S t .13o-

10 2 .0

,r ,tr**** PESERVOIR OUTING BY MODIFIED PULS

Y I]343 - I

- -4 7,i 75,3 764 765 767 769 769 77 0 -7
4 ,30, 12k 345 682 1130 3246 6765 2:83

$ 0 7 33 3( 4 r 435 460 485 510 535
sS 560 5,

tE 729 7 6 763 764 5 766 767 768 769 770
SE '7

$[, -,>

1t
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PAGE 0001

LAFA'iETTE CO DAM A-21 PROBABLE MAXIMUM FLOOD (OUTPUT DATA)

FEK FltW AND STORAE IEEND OF PERIOD) SUMMARY FOR MULTIPLE PLA4-R,4TIl
FLOWS IN CUBIC: FEET PER SECOND (CUBIC METERS PER

AREA IN SQUARE MILES (SQUARE KILOMETERS)

"_ _RATIOS APPLIED TO FLO
* OPERATION STATION AREA PLAN RATIO 1 RA 2 RATIO 3 RATIO 4 R

0.10 0.30 0.35 0.40

+ !4YDR0GRAPH AT 1 0.67 1 745 2236. 26. 2

1 74) ( 21 10)( 63.31 )( 73 87 ( 84 42

ROUTED TO 21 0.67 1 11 4. i0-17. 1487. 2017

I" 1 74) ( 3 22)( 28.80)( 42. 11 )( 57 11 )(

SUMMARY OF DAM SiAFETY AHLY c1 S

PLAN I INITIAL VALUE SPILLWAY CREST

ELEV TICN 762.00 76> 50
STORAGE 343. 378
C UT F L (I W 13. 0

RA TI , MUM 4c U A ,s I MUM MAX IMUM MA' I MUN D UA
IF R EEP C F EPTH STORAGE "I F L (i C V'/E

FMF W S ELE"/ OVER DAM AC-FT C.F HOUP
7 1 ' . 403 "

,*. " 0 479 IC,
76835 1 0 1? 489. 148w 0 "3

0 40 768 42 0 42 49-5 2017 0 5
0 45 768 63 0 63 501. 2472 0
0.50 768 83 0. 83 506. 2879 0 8
1 00 769 99 1 99 6744 4 C,

L



UT DATA)

.UMMARY FOR 4V, T1 PLE PLAN -R-4l 1 0 ECUNCt] COMMAUT~Ta
El PER SECOND (CUBIC METERS PER SECOND)
UARE NILES (SQUARE KILONETERS)

RATJOS APPL)ED TO FLOWS

UTID 2 RATI 10: R'T 10 4 RATIO s 5 ~ W~V ~ ~ - _______

0.30 0.35 0.40 0.45 0.50 1.00

2i6. 260. 235! 3354. -"'6. 745'3. ---
63.31 )( 73 87)( 84 42 14 .97)( 105.52)( 211.04)(

1017. 1487. 2 l 17 2472. - '.4.
28. 80)( 42 11 '( 57 1!)( N0. 00)( 81 .52)( 190.97)(

$L- M RY (IF DAN M ,FET' ANaLYSIS

riAL VALUE SPILLWAY CREST TOP OF DAM
762 00 761 5o 7(1 00

343 378 485.
13 0 2 13C'

M mAll" IUM MA "XUN bURA T I Oft TINE OF T 'E OF
S T ORAGE ,UTFLO - ,ER T0P MAX OUTFLOW FAILURE

i AC-FT ..FS HOUR S HOURS HURS"
403 ,' 1 08 C. O0
47? 16C C 108 C[ 00
489. 1487 C 33 16.00 0. 00
495. 2017 0 50 1
501. 2472 0 67 15.92 0.00
506. 2879 0 83 15.92 0.00
S33 6744 4 08 i5.83

&Met 7 Apiidix C
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Top of Dam- -Looking From South Abutment

Riser Structure--Primary Spillway

Sheet 1 of 4
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Outlet Pipe--Primary Spillway; Note Abutment Drain

Outlet C hannel-Primary Spillway

Sheet 21 of 4
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Downstream Side of Dam at Upper Berm Level-Looking North

I ELmrgency Spilway-Looking Downstream From South Abutment

Shieet 3 of 4
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