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OPERATION AND HAINTEMANCE MANUAL
SHITHVILLE LAKE

LITTLE PLATTE RIVER, MI3SOURI

APPENDIX V

EMBANKMENT CRITERIA AND PERFORMANCE REPORT

SUPPLEMKT NO. I

LEFT ABUTMNT REMEDIAL MEASURES

INTRODUCTION

1. Purpose of Supplemnt. The purpose of this supplement is to present
the generai plan used to improve the stability of the dam at high pool levels.
A brief description is included of the investigations petformed, results,
remedial measures installed, and performance to date. The results of the
stability analyses conducted on the left abutment based on project performance
since installation of the remedial measures is presented. Detailed descrip-
tions of the field and laboratory investigations are found in the reports
entitled 'Left Abutment Stability Report' and 'Left Abutment Seepage Report'
contained in appendices A and B, respectively, of the supplement.

2. Impoundment history. Impoundment began in October 1979 but lake
filling was delayd because of real estate acquisition problems. Multipurpose
pool, at elevation 864.2, vas first reached in June 1982. A pool at elevation
869.4 occurred in April 1983 and again in April 1984. The record high pool,
at elevation 873.17, vas reached on 16 and 17 October 1985. Flood control
pool is at elevation 876.2, while spillway crest pool is at elevation 880.2.

3. Piezometric levels and seepage. During the fall of 1982, after the
pool had attained multipurpose level, high piezometrit response vas noted in
several of the plezometers downstream of the centerline. Comparisons between
the observed and anticipated plesometric levels suggested the safety factor
for the steady seepage case might be lover than the 1.6 shown in the
embankment design memorandum. Close monitoring of the piexometric levels vas
recommended, particularly at station 110+00 where the plexometrie level was
about 3 feet above the ground surface. During April 1983 a seep area
developed at the toe at station 110+00 with the pool at elevation 869.37, a
record high pool at that time. Seepage was not enough to observe flowing
quantities. In August 1983 an adjacent landowner, Roy Bowers, reported that a
large vet area, located about 3,000 feet below the main dike, had developed on.
his property. Field reconnaissance revealed three general areas of seepage:
(1) the downstream seep area at the toe of the left abutment; (2) the Bowers
seep area; and (3) the dike seep area. These general areas are shown on plate
4. An investigation of seepage in the left abutment was then initiated. A
brief overview of the investigation is presented below, a detailed description
of these events are contained in appendices A and B.

4. Investigations and actions.

a. Initial. The initial investigation included the installation and
monitoring of additional instrumentation devices and a review of the original
design analysis. Fourteen piezometers and observation wells were installed in
a line between the lake and the lowers seep area and five piezometers were
installed in the downstream seep area as shown on plates 5 and 7. Based upon
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the observed data and a reviev of the original design stability analysis it
wms concluded that projected plesometric levels for the pool at spillway crest
were higher, s much as 25 to 35 feet, than those assumed during design.
Preliminary stability analysis indicated that the safety factor using the DH
design strengths and the projected plesometric levels vex veil belov the DN
recommended 1.6.

b. Subsequent. Commencing in April 1984 a sequence of actions vas begun
to insure the safety of the structure while slope stability and seepage
investigations were being conducted. A revised plan of lake releases was put
into effect to reduce the probability of subjecting the dam to high pool
levels and the frequency of monitoring the dam was increased for all pools
above multipurpose. Because of immediate concerns regarding the stability of
the dam at high pool levels an interim solution that vould reduce piesometric
levels by pumping from yells vas implemented. After the wlls were installed
and operational the project vas returned to a normal operating plan. Tvo
incllnometers vere installed in the most critical areas at stations 106+00 and
110+00 to monitor any movement. Ten relief drains ware Installed on the
Bover's and adjacent Government properties to provide a measure of seepage
control and to determine the effect on the plezometric surface. Pour floving
test yells vere subsequently installed at the toe of the embankment to
evaluate whether pressure relief yells would provide a satisfactory permanent
solution. During the Installation of the wells and piesometers undisturbed
sampling vms being performed and a laboratory testing program being conducted.
Of concern wms the strength and continuity of a slickensided surface in a
shale sam located near the top of bedrock. Appendices A and B contain
additional detailed information regarding these investigations and actions.

c. Final. The Installation of 13 pressure relief yells and a buried
collector pipe in the left abutment vas completed early in 1985. Plate 6
shove the location of these yells. Vith these yells controlling seepage and
reducing uplift pressures the stability analysis had indicated that an
adequate factor of safety vould be obtained for the spillvay crest steady
seepage condition. A detailed description of the Investigations regarding the
stability analysis Is contained in appendix A. Additional stability analysis
performed after installation of the relief vells is presented in later
paragraphs.

GUOLOGY

5. General. Smithville Lake is located near the southern limit of the
Dissected Till Plains Section of the Central Lovlands Physiographic Province.
Major topographic features are the maturely to submaturely developed valleys
of the Little Platte River, Crovs Creek, and Camp Branch. Drainage patterns
typical of northern Missouri are developed on thick glacial deposits resulting
in gently rolling topography. Bedrock exposures are not common but can
occasionally be found along the bases of valley walls of major streams.
Maximum relief in the area is about 160 feet.

6. Glacial history. Pleistocene glaciers extended into the northern
region of Missouri approximately 750,000 years ago during the Kansan glacial
episode and persisted for approximately 100,000 years. Glaciers may have also
advanced into the area during the earlier Nebraskan episode. Both the
Nebraskan and Kansan advances were from the north-northvest and are attributed )
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to the love ice lobe from the Keevatin ice center in Canada. Since the same
general regions were traversed during both episodes, the content of resultant
drift materials is similar and difficult to distinguish. The southern limit
of glaciation is generally recognized as being slightly south of, and
approximately parallel to, the present course of the Missouri River.

Pleistocene ice sheets have been compared in size and extent to those of
the Antarctic vhich have an average central thickness of about 6,500 feet.
Istimated thicknesses of marginal masses are of the order of 1,600 feet.
Glacial erosion vas primarily by abrasion and quarrying whereby slabs of
frozen ground were sheared from and dragged forward over nonfrozen ground.

agnitudes of erosion were dependent upon the thickness and velocity of the
ice mass, the nature of materials incorporated into the basal Ice, and the
character of surfaces overridden. Glacial sediments include nonstratified
till and, less frequently, fluvio-glacial deposits of stratified silts, sands,
and gravels. Drift of variable thickness has been deposited upon essentially
flat lying Pennsylvania bedrock and is the thickest in pre-Pleistocene
topographic lows.

7. Overburden. Overburden in the vicinity of the dam is of three
principal types; alluvium, glacial drift, and loess. Alluvium occupies the
valleys of the Little Platte River and its tributaries and generally consists
of lean and fat clays overlying clayey sands and sandy clays vith minor
amounts of basal gravel. Thicknesses range from 25 to 50 feet. Upland areas
are deposits of glacial drift thinly mantled vith loess. In the left abutment
area, the drift ranges in thickness up to 85 feet and generally consists of 20
to 60 feet of till overlying 5 to 25 feet of coarser outvash sediments. Till,
in general, is composed of unsorted, unconsolidated (geologically),
nonstratified sediments deposited directly by and underneath glacial Ice
masses and consists of heterogeneous, random mixtures of clay, silt, sand,
gravel, cobbles, and boulders. The overburden above approximately elevation
845 in the left abutment is predominantly lean clay glacial till with
scattered gravel and cobbles and occasional isolated silty sand lenses. Below
elevation 845, the material is much more heterogeneous vith considerable
lateral and vertical variation. Throughout most of the abutment area, the
upper 11 to 20 feet of this lover unit is generally silt, however, silty clay
or lean clay was encountered in some borings at this horizon. Belov the silt
zone, the material is coarser and consists of sand, gravel, and cobbles,
generally vith a significant amount of silt and clay. The coarser materials
underlying the till are meltvater sediments deposited from advancing or
retreating Ice sheets. Loess overlying the till reaches a thickness up to 20
feet in the area. The maximum thicknesses occur on broad, gently sloping,
Interstream divides where erosion has been minimal.

8. Bedrock. Near surface bedrock strata are of the Pennsylvanian System,
Lansing ad Kansas City Groups and consist of alternating beds of shale and
limestone. A geologic column for the left abutment is shown on plate 8. The
essentially horizontal configuration of the left abutment bedrock surface is
the result of a pre-Pleistocene stream channel trending generally east-vest
through the abutment. It is one of tvo major channels mapped in the reservoir
area which are part of the ancestral Missouri River drainage system prior to
the advance of Pleistocene glaciers. The other is located several miles
upatream of the dam in the reservoir area. As tee masses traversed the area,
existing sediments were scoured away and near-surface bedrock strata subjected
to shear forces induced by lee thrusts.
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9. Characterization of the left abutment foundation. The investigations
more clearly defined a basal layer of glacially deposited materials that form
a pervious sone beneath the entire left abutment. The basal layer, consisting
of a heterogeneous mixture of silt and silty or clayey sands, varies in
thickness from 40 feet beneath the upland portion of the abutment to less than
10 feet near the valleys. Plates 9 and 11 contain profiles and sections
through the abutment and the embankment shoving these trends. The thicker
portions tend to be more gravelly and cobbly vhereas sand becomes more
predominate as the layer thins. Similar materials crop out in the bluffs
along Crows Creek upstream of the dam. The natural pervious, in combination
with the overlying lean clays and silts and underlying tight bedrock, forms a
confined aquifer system that is recharged from the lake. The seep areas are
characterized by a decreasing thickness of low permeability material with
pockets or lenses of more pervious material extending to or near ground
surface.

10. Seepage behavior. Vith impoundment the exposed basal material along
Crows Creek was submerged, permitting saturation of the basal layer and
subjecting the confined aquifer system to a hydrostatic pressure head
corresponding to the pool level. The plezometric pressure gradient is
relatively flat through the abutment, except for initial entrance pressure
losses and near the seeps. As piezometric levels in the basal layer near the
downstream base of the abutment increased to above ground level a sufficient
vertical gradient was created to force seepage upwards through the thinning
confining layer. Because a relatively impervious alluvium blocks this flow
seepage quantities are low. Up to a 50 percent piezometric response to
changes in the pool have been observed. A more detailed discussion of the
seepage is contained in appendix B.

SEEPAGE CONTROL

11. General. The installation of the relief drains and relief wells was
completed by early 1985. The investigation into the cause, extent, and chosen
remedial solutions to the seepage and stability problems was briefly
summarized in the previous paragraphs. The appendices contain reports that
address these matters in greater detail. The following paragraphs discuss the
performance of the remedial actions to date.

12. Bowers seep area. A total of 10 relief drains, 7 on the Bowers
property and 3 on the adjacent Government land, were installed as shown on
plate 7. Boring logs for the 10 drains are shown on plate 14. A temporary
collector system consisting of an above ground plastic pipe currently connects
relief drains 4, 5, 5A, 5B, 6, 7, and 8 while drains 1, 2, and 3 discharge
onto the ground. The relief system on the Bowers property is estimated to be
flowing at a rate of 30 gpm and has succeeded in significantly drying up the
area. Plate 11 shows a profile through the Bowers seep area with the
plezometric levels prior to and following drain installation. A buried
collector system is to be installed after acquisition of the property and will
result in a further lowering of the piezometric surface.

13. Downstream seep area. A total of 13 relief wells were installed in
the left abutment as shown on plate 5. Boring logs and installation details
are shown on plates 15, 16, and 17. Relief wells 3 through 11 discharge into
a buried collector system that exits through a Parshall measuring flume into
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the toe ditch. The collector system consists of a fabric lined trench vith
gravel surrounding a slotted, corrugated plastic pipe. Relief wells I and 2
discharge at the toe of the dam below the flume while wells 12 and 13, located
on the downstream slope, discharge into the pervious drain. Figures 13
through 21 show the relief well flow versus pool for wells 3 through 11 and
figure 22 shows the total combined flow of these yells. The collector system
flows at a rate of 25 to 30 gpm which is generally about 5 gpm higher than
that of the wells. This is attributed to any or all of the following: (1)
infiltration of ground water into the collector system; (2) error in the
calibration of the flume; or (3) well flow measurement errors. Flow from
wells 12 and 13 are too small to measure but they have caused a reduction of
the piezometric level in the immediate area. Figures 1 through 12 relate the
pool elevation to the piezometric level in the left abutment. The plots show
a fairly well defined relationship between the pool and the piezometric level
for both prior to and following well installation. The result is that the
wells have performed as anticipated and have effectively reduced the
piezometric surface in the left abutment resulting in an Improvement in the
overall stability of the embankment. Periodic Inspection Report #5 contains
detailed piezonetric data obtained over the life of the project. Plate 26
shows the projected piezometric levels with and without the veils, at the
record high pool, and projected levels at spillway crest.

14. Dike seep area. The projected piezometric levels at higher pools are
above ground level, however, the thickness of the confining layer should
prevent excessive seepage. No remedial measures were deemed necessary
although some surface drainage may facilitate maintenance of the area for
surveillance purposes.

STABILITY ANALYSIS

15. Design Memorandum No. 10 "Soil Data and Embankment Design" stability
studies. Investigations for the DH included stability analysis for the left
abutment steady seepage, rapid dravdovn, and partial pool cases. Vater
pressures were computed to be hydrostatic below the saturation line. For the
left abutment section the assumed saturation line under the downstream slope
was in the foundation at elevation 825. High piezonetric levels resulting
from underseepage were not expected to be a problem "due to the thickness of
the impervious foundation materials, the large amount of fines in the sands
and gravels, and the scarcity of continuous pervious layers beneath the
embankment." DH No. 10 plate A-37 summarizes design shear strengths and
illustrates the critical shear surfaces.

16. Stability review of DH No. 10. An initial investigation of the left
abutment stability was begun after seepage areas and high piezometrIc levels
were observed. Additional piezometers were installed through the downstream
slope and the original design stability analysis was reviewed. The
investigation concluded that:

a. The piezometric level assumed for design in the left abutment was
actually some 20 feet below the base of the horizontal pervious blanket in the
area at station 110+00.

b. Projected plezonetric levels for a spillway crest pool based on
recorded data up to that time were about 25 to 35 feet above that assumed for
design.
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c. The higher than anticipated piezometric levels meant that available
shear strength of the foundation shales become more critical.

d. The uppermost bedrock units in the left abutment have been exposed to
erosional unloading and glacial loading. These factors, coupled with a nearly
horizontal bedrock surface and essentially flat lying sedimentary rock units,
suggested the possibility of the existence of a shear zone or zones near the
bedrock surface.

e. Preliminary stability analysis conducted vith the projected
piezometric levels and Design Memorandum No. 10 design strengths shoved the
safety factor well below the desired 1.6 of the DM.

17. Left abutment stability Investigation. Shale design strengths used
in Design Memorandum No. 10 were obtained from samples of shale units of the
right abutment, outlet works area, and valley. Additional sampling and
testing for the left abutment was not done for the original design since the
factor of safety for the left abutment appeared to be adequate.
The shale shear strengths become more critical when higher than anticipated
piezometric levels were recorded in the left abutment. Accordingly, a more
comprehensive stability investigation vas initiated. The investigation
included additional sampling and testing of left abutment materials,
particularly to determine if a weak zone or zones existed, a reanalysis of
slope stability, and recommendations for remedial measures needed to insure
the stability of the embankment. A detailed account of these results may be
found in appendix A.

18. Shale seam in the Raytown limestone. Sampling efforts were initially
directed towards obtaining samples for testing the Raytown llmstone-Muncle
Creek shale contact. However, core samples In the Raytown limestone revealed
slickensided planes in a soft shale sean located in the lover part of the bed.
The seam is about 0.4 to 0.5 feet thick, approximately 1.5 feet above the
Muncie Creek contact, and is persistent throughout the abutment. Apparent
shear planes were observed in every sample recovered from the shale sam.
Several thin shale partings are present above the seam but not continuous.
The shale seam rather than the Raytovn-Muncie Creek contact was determined to
be the material with the least resistance to shearing forces and is the
critical material for stability consideratioos. Testing of the seam yielded a
residual strength with tan 0 0.13 (* 7.4 ) and a peak strength with c-250
psf, tan 4- 0.268 (*= 150).

19. Raytown limestone. The Raytown limestone was assumed to have a
vertical joint and was assigned a resisting shear strength of zero. This
assumption is consistent with Design Memorandum No. 10. Higher strengths for
the limestone were available but were not used in the analysis since it would
require thin, partially weathered, jointed limestone to carry very large
forces.

20. Lover foundation overburden material. Design strengths used in
Design Memorandum No. 10 for left abutment overburden material were obtained
from tests run on lean and fat clays. As noted previously additional
exploratory borings through the left abutment foundation overburden
consistently revealed a coarse-grained pervious layer present above bedrock.
As a result, it was believed reasonable to incgease the S strength of the '

pervious layer to c-0.0, tan 4 0.577 ( 4- 30).
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21. Material strength approaches. Stability analyses for Design
SMemorandum No. 10 and preliminary stability analyses for the investigation

vere conducted using tvo different strength approaches (1) peak strenthe
vere used along the entire critical shear surface, and (2) peak design
strengths vere used along the failure surface in the active and passive
vedges, and the residual shear strength of the shale vas used in the central
block portion of the sliding surface. The use of the residual strength vas
considered to be overly conservative since it assumed the lowest possible
strength. The use of peak strengths for the stability analysis 'as believed1to be unconservative due to strain incompatibilities betven a shear some in
the shale, the foundation overburden, and the embankment. Vith small strains
the peak strength could be developed in the shale before the peak strengthe
could be developed in the embankment and overburden materials.

22. Final material strength approach. For the interim and final analyses
of the investigation a third approach vas considered vhich accounted for
strain incompatibilities. Peak strengths vere used for material in the active
vedge portion of the critical shear surface and in the shale seam, but not in
the passive vedge since relative large displacements vould be required to
develop full passive resistance. It vas considered reasonable to use
strengths in the passive vedge (foundation overburden) which correspond to 0.5
percent strain development. Strains somevhat larger than this were required
to develop the peak strength in tests on the slickensided shaWe surface.

23. Istination of piezometric surface. The final stability analysis of
the investigation consisted of locating the most critical shear surface of the
left abutment for the steady seepage case at spill'ay crest (elevation 60.2).
Stability analyses vere considered vith and vithout pressure relief vells at
the toe of the embankment. Piezometric surfaces 'ere determined by projecting
piezometer levels for a pool at spillay crest and subtracting drawdovn levels
observed after installation of the four test relief ells at the toe of the
embankment near station 110+00.

24. Method of analyzing stability. The stability analysis was conducted
vith the hand vedge method in accordance vith 3M 1110-2-1902 (April 1970) and
vith a computer program, SLOPISR, developed at the University of California
Berkeley. SLOPISE uses Spencer's procedure to calculate the factor of safety
for specified noncircular shear surfaces. In all cases, the factor of safety
by the hand vedge method vas lover than those obtained by SLOP=SR because the
side force inclinations computed by SLOP=OR were greater than that assumed in
the hand vedge analysis. When the same side force inclination 'an used in
both the hand vedge analysis and SLOP=SI the computed factors of safety 'ere
similar. The results of the stability analyses performed at station 110.00
are as follova:

Safety .actor
Hand ledge SLOFS

Spillvay Crest Pool
(vithout relief vells) 1.25 1.47

Spillvay Crest Pool

(vith relief vells) 1.30 1.53
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25. Recommended remedial measures. As a result of the stability
analysis, it was concluded that the installation of pressure relief wlls at
the toe of embankment would provide n adequate factor of safety for steady
seepage conditions with the pool at spillway crest. Recommendations included
the installation of additional pressure relief veils and a buried collector
system.

26. Current stability Investigation. The stability of the left abutment
following installation of remedial measures, consisting of 13 relief wells and
a collector system, has been revieved. Uplift pressures in the lover
foundation materials are projections based on plezometric levels observed
since installation of remedial measures.

27. Method of analyzing stability. A computer program entitled UTZXAS2
(September 1985) vas used to analyze the slopes for the stability
investigation. The program allows the user to select either a circular or
noncircular shear surface vith or without a search option to locate the shear
surface with the minimum factor of safety. Reservoir pools are represented as
an external surface load. The program, though relatively nev, has been
manually checked by the hand wedge method several times to assure its
accuracy. It was also checked against previous SLOSOR results. For this
stability investigation, a noncircular shear surface with the search option
was chosen. For each analysis the factor of safety against sliding vas
determined using Spencer's procedure.

28. Determination of the critical section. The first step of the
stability investigation vn to determine vhich cross-section of the left
abutment would be the most critical. Cross-sections of stations 110+00,
11100, 112+00, 113+00, and 114+00 wre drawn from construction surveys, drill
logs of exploratory borings, and piezometer and relief well installations.
The slope height above natural ground decreased and the thickness of the
passive vedge increased as the stations increased. The plesometric level does
not increase significantly upstation. Therefore, based upon visual
inspection, the cross-section at station 110+00 was determined to be the most
critical.

29. Profiling the critical section. The embankment at station 110+00
consists of berm fill and compacted fill materials. Seepage through the
embankment is intercepted by an inclined pervious vick which conducts it to
the downstream toe of the embankment. Foundation overburden generally
consists of tvo materials, finer grained upper overburden material and a lover
coarser grained material. Bedrock under most of the embankment at station
110+00 is the Raytown limestone member vhich contains the soft shale seam.
Raytom limestone is shown to extend 267 feet upstream from the centerline of
the embankment although the scarcity of borings on the upstream side of the
left abutment makes it difficult to determine the exact extent of the Raytovn
limestone. ovever, a drill log detailing the installation of piesometer
P-110-2 (station 110+00, range 267 US) lists Muncie Creek shale as bedrock
material; the Raytown limestone was not encountered. For the stability
investigation, the Raytown limestone member containing the soft shale seam vas
conservatively assumed to terminate 267 feet upstream from the centerline of
the embankment.

v-i-s



30. Shear strengths of materials. Shear strength parameters for the berm
fill, compacted fill, and upper foundation overburden material were taken from
Design Memorandum No. 10, "Soil Data and Ebankment Design." Shear strength
parameters for the lover foundation overburden (coarser material), the laytowa
limestone, and the shale seam were obtained from the Left Abutment Stability
Report (July 1984) and are referenced in appendix A.

31. Shear strength envelopes. For steady seepage and partial pool cases
the shear strength parameters for the berm fill, compacted fill, and upper
foundation overburden materials were defined by a nonlinear (S,(R S)/2)
envelope. The minimum nonlinear (S,R) envelope vas used to define the shear
strengths of these materials for the rapid dravdovn case. The shear strength
parameters for the lover (coarse) foundation overburden material, the Raytown
limestone, and the shale seam remained the same for each analyses. The peak
"S" (drained) strength was used for all cases for the coarse foundation
overburden material, the residual "S" strength for the shale seam.

32. Determination of water pressures. For steady seepage conditions, the
pore pressures acting on materials comprising the left abutment were
determined from two plesometric surfaces. The pore pressures acting on the
berm fill and compacted fill materials were defined by a line of seepage
through the embankment. The line is assumed to extend horizontally at the
pool elevation through the embankment to the inclined pervious wick. The
wick and the horizontal pervious blanket conduct the seepage to the dovnstream
toe of the embankment. Pore pressures acting on the lover (coarser)
foundation overburden material, the Raytown limestone, and the shale seam were
determined from water levels measured in a line of plesometers located at
station 110+00. The corresponding piezometric surface for each pool elevation
vas projected from recorded levels read in each piesometer after installation
of remedial measures. Pore pressures acting on the upper foundation
overburden material were calculated by interpolating and averaging pore
pressure values from the line of seepage and from pressures in the lover
foundation overburden material.

33. Unit veights of materials. The unit veights used for the embankment
and foundation materials are shown on plate No. 28. Unit weights for the berm
fill, compacted fill, and upper foundation overburden materials were
considered to be moist above the assumed line of seepage and saturated below.
Saturated unit veights were used for the lover coarser foundation overburden
material. The Raytown limestone and the shale seam were given unit weights of
140 pcf.

34. Cases considered for the stability analyses. This stability
investigation considered both the upstream and downstream slopes of the
embankment at station 110+00. The downstream slope was analyzed for a steady
seepage condition with the pool at spillway crest (11. 880.2). The upstream
slope was analyzed for steady seepage partial pool conditions and for a rapid
drawdovn from spillway crest pool to multipurpose pool (El. 864.2).

35. Partial pool case. A wide range of pool elevations vas considered
for the partiapool case. For a "no" pool condition the saturation line was
assumed to be horizontal at an elevation of 820 feet. This places the
piezometric level at the top of the lover (coarser) foundation overburden
material for most of the section at station 110+00. This elevation for the
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saturation line vas determined from receded piemesn . Iee) datw the
embankment vas constructed to its final ha l bet WOO a einmd p&el
elevation Va. recorded. The Ilmet poeel ties ie8im8ed su Iil l
crest at an elevation of NO.2 feet. Tom mt eritimal kilswe in m- fw

the partial pool analysis occurred at a peel elesMM 46 00 Beet with &
corresponding factor of safety of 1.37. TM critksal i swrim ad doe
computed factor of safety for each ceesidered pool ek-MtlOm is SM m plate
No. 29.

36. !agd dradovn eSM. For the rapid dravdeum ealy. the poel We
assumed to drap from pIfliay crest (M. MO.2) te ltiwpu e peol (3.
864.2). During rapid drawdown it was assmed that the dsn m eeemwV
instantaneously and that no pore pressure dissipatiom -eeem,,i 4us
dravdovn. Therefore, the line of seepage tbreo the e~mumt Imteepted
the upstream slope of the embankment at multipurpoe pool and follomd the
upstream slope of the embankment to spillvmy crest pool. At this point the
line extended horizontally to the inclined pervious vick. Water premures
acting on the lover foundation overburden and bedrock materials cerreepeaded
to the projected piezometric surface for spillvay crest. ater premesree
acting on upper foundation overburden material vere calculated by
interpolating pressures from the assumed line of seepage and from the
piesometric surface. As previously mentioned, the sboar atresatb for the
berm fill, compacted fill, and upper overburden materials ore determined by
the composite (S,R) envelope. Shear strengths for the remainder of materials
remained the same as for the other stability analyses. The mlnimum factor of
safety for the rapid dravdovn case ya calculated to be 1.30. The critical
shear surface is illustrated on
plate No. 30.

37. Steady stoma Case. The dovnstream slope stability vas analyzed for
a steady sepage condition vith the pool at spillvay crest (31. N0.2).
Assigning the residual strength to the shale seam vas considered for the
previous stability analysis but not included because it van believed to be an
overly conservative approach. In this Investigation the residual strength vas
assigned to the shale seam but the required factor of safety lowered. A
minimum factor of safety equal to 1.0 vas sought. For the steady seepage case
the calculated factor of safety yas 1.00. Previously using peak strengths for
the shale, reduced strengths in the other zones for strain compatibility, an
estimated piesometric reduction from the relief wells, a factor of safety of
1.30 vas obtained. The critical shear surface is illustrated on plate No. 30.
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1. Introduction.--Smithville Dam is located in northwest Missouri on the
Little Platte River, one mile northeast of Smithville, Missouri. The project
was authorized by the Flood Control Act of 1965 with construction starting in
February 1974. Impoundment was begun in October 1979 but lake filling was
delayed because of real estate acquisition problems. Multipurpose pool,
elevation 864.2, was first reached in June 1982. The record high pool of
elevation 869.4 was reached in April 1983 and again in Kay 1984. Flood
control pool (full pool) is elevation 876.2. A spillway crest pool is
elevation 880.2.

At the 2nd periodic inspection in the fall of 1982, which vas the
first inspection after the pool reached multipurpose lebel, high piezometric
response was noted in several of the piezometers downstream of centerline.
Comparisons between recorded levels and those anticipated during design were
made. In general, it was noted that piezometric levels in the foundation
under the downstream slope were somewhat above the horizontal pervious drain
under multipurpose pool conditions. It vms believed from reviewing the
embankment design memorandum that piezometric levels for stability studies
were assumed to be at the base of the pervious drain downstream of centerline.
At that time it was believed the safety factor might be somewhat lover than
the 1.6 shown In the embankment design memorandum for the steady seepage case.
It was recommended that close monitoring of piezometric levels be continued,
particularly at Station 110+00 where the level vms about 3 feet above ground
surface at the toe.

In April 1983, a site visit was made to inspect the dam with a record
high pool at elevation 869.37. A seep area had developed at the toe at
Station 110+00, however, seepage was not enough to observe flowing quantities.
Shortly after this, work was begun on the embankment criteria report and
review of stability analysis for the embankment DH was started. In August
1983 complaints from an adjacent landowner about a vet area 3,000 feet below
the main dike were reported, and an investigation of seepage in the left
abutment was initiated. As a result of this investigation, which included
installation of additional piezometers through the downstream slope and a
review of the original design stability analysis, it was found that:

a. The piezometric level assumed for design in the left abutment was
actually some 20 feet below the base of the horizontal pervious blanket in
this area.

b. Projected piezometric levels for a spillway crest pool based on
recorded data to date were about 25 to 35 feet above what was assumed for
design.

c. The higher than anticipated piezometric levels meant that
available shear strength of the foundation shales became more critical.

d. The uppermost bedrock units in the left abutment have been exposed
to erosional unloading and glacial loading. These factors, coupled with a
nearly horizontal bedrock surface and essentially flat lying sedimentary rock
units, suggested the possibility of the existence of a shear zone or zones
near the bedrock surface.

V-I-A-I



e. Preliminary stability analysis conducted with the projected
piezometric levels and the DH design strengths shoved the safety factor vell
belov the desired 1.6 of the D.M.

Accordingly, a more extensive stability Investigation was initiated,
and a revised plan of lake releases was quickly put into effect. The
objective of the revised plan vas to reduce the chances of subjecting the dam
to high pool levels. The frequency of monitoring the dam was increased for
all pool levels above multipurpose. Further, tvo inclinometer devices were
installed in the most critical areas at Stations 108+00 and 110+00. The
investigation included additional drilling and sampling, and Installation of
additional piebometers in the left abutment area. Since there were immediate
concerns for the stability of the dam at high pool levels, an Interim solution
to improve stability vas developed. It consisted of reducing piesometric
levels at high pools by pumping test wells installed through the downstream
slope. This action allowed time to complete the investigation and to develop
a permanent solution or design measure which vould assure the long term safety
of the dam. Once the test wells vere installed and operational, the project
was returned to a normal operating plan. Following installation of the pumped
test wells, four flowing test yells vere installed at the toe of the
embankment. The effect of these test veils vere analysed to determine if
pressure relief wells at the toe would provide a satisfactory permanent
solution.

2. .--Smithville Lake is located near the southern limit of the
Dissected Til Plains Section of the Central Lowlands Physiographic Province.
Major topographic features are the maturely to submaturely developed valleys
of Little Platte River, Crows Creek, and Camp Branch. Drainage patterns
typical of northern Missouri are developed on thick glacial deposits resulting
in gently rolling topography. Bedrock exposures are not common but can
occasionally be found along the bases of valley walls of major streams.
Maximum relief in the area is about 160 feet.

a. Glacial history.--Pleistocene glaciers extended into this region
of Missouri approximately 50,000 years ago during the Kansan glacial episode
and persisted for approximately 100,000 years. Glaciers may have also
advanced into the ares during the earlier Nebraskan episode. Both the
Nebraskan and Kansan advances were from the north-northwest and are attributed
to the love ice lobe from the Keewatin ice center in Canada. Since the sae
general regions were traversed during both episodes, the content of resultant
drift materials is similar and difficult to distinguish. The southern limit
of glaciation is generally recognized as being slightly south of and
approximately parallel to the present course of the Missouri liver.

Pleistocene ice sheets have been compared in size and extent to those
of the Antarctic which have an average central thickness of about 6,500 feet.
Rstimated thicknesses of marginal masses are of the order of 1,600 feet.
Glacial erosion was primarily by abrasion and quarrying whereby slabs of
frozen ground were sheared from and dragged forward over nonfrosen ground.
Magnitudes of erosion were dependent upon the thickness and velocity of the
ice mass, the nature of materials incorporated into the basal Ice, and the
character of surfaces overridden. Glacial sediments Include nonstratified
till and, less frequently, fluvio-glaclal deposits of stratified silts, sands,
and gravels. Drift of variable thickness has been deposited upon essentially *
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flat lying Pennsylvanian bedrock and in the thickest in pre-Pleistocene
(mtopographic lows.

b. Overburden.--Overburden in the vicinity of the dam is of twoprincipal types; alluvium and glacial drift. Alluvium occupies the valleys of
the Little Platte River and its tributaries and generally consists of lean and
fat clays overlying clayey sands and sandy clays vith minor amounts of basilgravel. Thicknesses range from 25 to 50 feet. Upland areas are mantled with
deposits of glacial drift. In the left abutment area, the drift ranges in
thickness up to 85 feet and generally consists of 20 to 60 feet of till
overlying 5 to 25 feet of coarser outvash sediments. Till, in general, is
composed of unsorted, unconsolidated, nonstratified sediments deposited
directly by and underneath glacial ice masses and consists of heterogeneous,
random mixtures of clay, silt, sand, gravel, cobbles, and boulders. Till in
the left abutment is predominantly fine-grained, relatively impervious silty
clay and clayey silt with scattered gravel and cobbles and Isolated sand
lenses. Coarser materials underlying the till are meltvater sediments
deposited beyond advancing or retreating lee sheets which form a permeable
zone of saturated dirty sand, gravel, and cobbles. This zone is exposed near
the base of the valley valls in the reservoir area just upstream of the dam
and therefore, is subjected to reservoir hydrostatic pressures. The overlying
less permeable fine-grained silty clays and clayey silts create a confined
flow system. Seepage can potentially occur where the piezometric surface in
the confined system is above the ground surface. Plate A-3 shovs where these
conditions exist.

c. lBedrock.--Near surface bedrock strata are of the Pennsylvanian
System, Lansing and Kansas City Groups and consist of alternating beds of
shale and limestone. The uppermost units within the area of this
investigation are, in descending order, Raytown Limestone, Muncie Creek Shale,
Paola Limestone, Chanute Shale, and Cement City Limestone. A geologic column
for the left abutment is shown on plate A-3A. The top of bedrock surface in
the left abutment landvard of approximately dam Station 107+50 is formed by
the laytown Limestone. Top of bedrock contours and suberop map are shown on
plate A-5.

The configuration of the left abutment bedrock surface is the result
of a pre-Pleistocene stream channel trending generally east-vast through the
abutment. It is one of two major channels mapped in the reservoir area which
are associated vith the ancestral Missouri River drainage system prior to the
advance of Pleistocene glaciers. The other is located several miles upstream
of the dam in the reservoir area. As ice masses traversed the area, existing
sediments were scoured avay and near-surface bedrock strata subjected to shear
forces induced by ice thrusts.

3. Desian criteria.

a. Desisn measures, left abutment.--In Design Memorandum No. 10,
Smithville, 'Sol1 Data and Embankment Design," high piezometric levels
resulting from underseepage were not expected to be a problem "due to the
thickness of the impervious foundation materials, the large amount of fines in
the sands and gravels and the scarcity of continuous pervious layers beneath
the embankment.' It va thought the horizontal pervious drain vould
*intercept groundwater seepage from the foundation." Bovever, precautionary
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measures vere taken. Random fill was placed upstream of the impervious core
from Station 110+00 to the end of the dam and covered an existing draw on the
upstream slope. This draw was believed to possibly intercept zones of sand
and graVel which might be continuous through the abutment. A 5-foot thick
clay blanket was placed on the left abutment starting at Station 117+00 and
extending to elevation 880 (see plate A-I). It completed cover over the dray
on the upstream slope. A centerline cutoff trench to rock was not excavated
because of relatively thick overburden. However, curtain grouting was
conducted through the overburden from about Station 105+00 to 109+00.
Grouting extended through the Raytown, Muncie Creek, and Paola units into the
Chanute Shale (see plate
A-6). As part of the embankment construction, a similar draw downstream of
the embankment starting high up on the abutment and trending back towards
centerline was backfilled with random material.

b. DI stability.--Vater pressures during the design analysis were
computed based on the assumption of hydrostatic pressure below the saturation
line. For the left abutment section, the saturation line under the downstream
slope was in the foundation at elevation 825.

For the original embankment design, a minimum safety factor of 1.6 was
sought when both the partial pool and steady seepage cases used a peak
strength approach and when the shale-overburden contact formed part of the
failure surface. When a residual shale shear strength approach was used, a
safety factor in excess of 1.0 was sought. Bedrock was assumed to be shale in
all cases of the DMI stability analysis. The higher strengths for overburden
or limestone, where present, were not used since "(1) there may be remnants of
veathered shale above the limestone; and (2) it would require thin, partially
weathered, Jointed limestone to carry very large forces."

The stability analyses were conducted using a computer program
entitled "Stability Analysis-Vedge Method" (File No. 41-R3-C102), commonly
referred to as KC SLOPE. KC SLOPE is capable of searching for a minimum
safety factor for a wedge-shaped failure surface. The program accounts for
water forces assuming hydrostatic pressure beneath the assigned saturation
line. Analyses were conducted in accordance with RM 1110-2-1902 (1968 draft)
with the slope of - .08, and Ep - 0.0. Slope geometry is shown on plate A-
26. D design streAgths and soil properties are shown on plate
A-27.

Results of the steady seepage case with the failure surface occurring
at the top of bedrock are as follows. A safety factor of 1.64 was obtained
using peak design strengths for the left abutment section (approx sta 110+00).
When residual design shale shear strengths were used, the safety factor
dropped to 1.08.

4. Left abutment embankment-stability analysis.--Reanalysis of the steady
seepage case of embankment stability was conducted for the left abutment
section as a result of actual piezometric levels higher than those assumed
during design. In general, these piezometric conditions are characterized by
1) above ground uplift levels in the foundation at the downstream toe near the
left abutment; 2) unusually high centerline piezometric levels; and 3)
piesometric levels in the foundation that respond from 40 to 60 percent to
pool changes vith little time lag (see plates A-9 to A-14).
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a. Method of stability analysis.--The computer program used in the ON
analysis, KC SLOPE, was not written to account for uplift forces in the

( foudtion. For this reason, all subsequent analyses were conducted with the
hand wedge method in accordance with M 1110-2-1902 (April 1970) with the
slope of 3 - Ip- 0.0 (since ab > 7/8R) and with a computer progrpm, SLOP=,
developed it the University of California at Berkeley. This computer program
was used because it can analyse a non-clrcular failure surface mind boundary
water pressures can be assigned for the slide surface. SLOP3SR uses Spencer's
procedure to calculate the safety factor for specified non-circular slip
surfaces. It is a special solution of the Morgenstern and Price method in
which all the Interslice side forces are assumed to have the same inclination.
The program satisfies both force and moment equilibrium conditions for each
slice. The two unknown parameters, P (the safety factor) and theta, 0, (the
side force inclination) are varied simultaneously by iteration until a
convergent solution is found with the net force and moment imbalance less than
specified values. The method will not compute the same safety factor nor
locate the sae minimum failure surface as the hand wedge method. In
satisfying moment equilibrium it usually results in solving for a different
side force inclination, 0, than is assumed in the hand wedge method. In all
cases, the safety factor obtained through hand wedge studies were lower than
those obtained by SLOPESR, because side force inclination was greater than
that assumed in the hand wedge analysis. Vhen the same side force is used in
the hand wedge analysis, computed safety factors agree quite closely. This
should be expected because both methods would then be solving for F by force
equilibrium equations.

b. Preliminary analysis.--Preliminary analysis of the steady seepage
case of left abutment embankment stability was conducted at Station 110+00,
because recorded plezometric levels in the foundation were some 25 feet higher
than were assumed in the design analysis. Stability studies used full pool
phreatic conditions in the embankment portion of the slide surface and
piezometric uplift levels projected for full pool conditions in the foundation
portion of the slide. Projected levels were based on the recorded responses
of P-110-3 and P-110-4 to changes in pool elevation. Projected uplift levels
were elevation 859 at 20 feet upstream of centerline, with a straight line
gradient to elevation 849.5 at 320 feet downstream of centerline. The
foundation was assumed to be saturated to the base of the horizontal pervious
drain.

Safety factors calculated using the projected uplift pressures on the
slide surface and peak DH design strengths (c - 0.0, tan # - .30 for shale)
were 1.42 using SLOPS!R with - 8.0 degrees and 1.23 using the hand wedge
method. When the shale shear strength was reduced to residual UK design
condition (c - 0.0, tan * w .16), the safety factors decreased to 1.0 using
SLOPSR with 9.6.9 degrees and 0.92 and by the hand wedge method. DM design
strengths are shown on plate A-27. A summary of stability analyses is shown
on plate A-28.
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5. Field investigations.

a. Aditional sampling rationale.--Shale design strengths in the OK,
both pak and residual, were based on laboratory tests from samples obtained
from the shale units in the right abutment, outlet works area, and valley.
Difficulty vas encountered obtaining shale samples from the left abutment
because of the thick overburden, the presence of gravels and cobbles above
rock, the thinness of the shale seams, and the veathered, broken nature of the
limestones overlying the shales. Bovever, the strength of these same shale
units in the outlet works did not control the selection of the design strength
envelopes. Since the safety factor of the stability analysis for the left
abutment was adequate, additional sampling and testing for the left abutment
was not warranted for the original design.

The design shale shear strengths became more critical when higher than
anticipated plesometric levels were recorded in the left abutment. The two
abutments have different geologic histories. The upper units in the rock
foundation of the left abutment have been subjected to both erosional
unloading and glaciation, whereas the same units in the outlet works area and
right abutment were protected by overlying bedrock units. It was believed
either weathering and movement of the ice mess over the left abutment or
valley stress relief could have caused one or more shear zones near the
bedrock surface. The strength of a shear zone could be less than the design
strength.

Thus, an investigation was initiated to determine if a weak zone or
zones did exist. Sampling efforts were directed towards obtaining 6-inch core
samples of soft shale seams in the Raytovn Limestone, the contact of the
Raytown and underlying Muncie Creek shale, and suspected soft seams in the
upper Muncie Creek where persistent core losses had occurred in previous
borings. It was also desired to determine if soft zones, shear planes or
slickensides were present in the remainder of the Muncie Creek Shale or in the
underlying Chanute Shale. Drilling and sampling was also conducted near
Station 105+50 where it was suspected soft weathered Muncie Creek might be
present because of the absence of the overlying Raytown Limestone in this
area. Soft, highly weathered Muncie Creek had been excavated in the right
abutment cutoff trench during construction.

b. Exploratory drilling and instrument installation.--The exploration
program Included a series of core borings to obtain shale samples for shear
testing and installation of Inclinometers to monitor embankment movements and
plezometers to define pressure gradients and monitor plezometric responses to
pool fluctuations. Subsurface information was obtained from explorations for
this stability study and previous seepage investigation, and from
preconstructlon borings. A plan of explorations for the left abutment is
shown on plate A-3. The plan shows instrumentation currently being monitored
in the area of concern as well as locations of core borings done for this
study.

Sixteen exploratory borings vere completed as part of this study.
Nine were 6-inch diameter core borings into bedrock which were completed as
either plezometers In the overburden or as pore pressure devices In the
foundation shales. Six borings were drilled just through the overburden and
completed as piezometers. Overburden piesometers were constructed with the
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screened interval set in the more permeable basal dirty sand, gravel and
cobbles. Inclinometer casing was installed in two borings. Seven of the 6-
Inch care borings were advanced through the Chanute Shale and terminated in
the Cement City Limestone, one vas advanced through the Paola Limestone and
terminated at the top of the Chanute Shale, and one was advanced 3 feet Into

and terminated in the Raytown Limestone. Selected samples of the shale sem
in the Raytown Limestone, the Muncie Creek Shale, and the Chanute Shale were
preserved for shear testing. The first three core borings completed contained
several thin zones of core loss and spins in the Nuncie Creek and Chanute
Shales. In order to determine if these resulted from the drilling process or
represented other weak zones, a method was developed whereby an Nl sie core
hole was drilled through the Chanute Shale, filled with cement grout, and the
grout alloyed to cure for approximately 60 hours. This hole was then
overcored with a 6-inch core barrel. If thin weak zones had been present, the
rigid column of grout would have provided sufficient torsional shear
resistance to prevent spins and core losses. This procedure was used in C-528
which is located only 10 feet south of previously drilled C-527, in order to
be able to recover and inspect a complete section of core. Core from the MI
hole, from the 6-inch overcore and from C-527 vere physically compared to
determine if spins and core losses represented shear zones. In fact,
unsheared shale was recovered In the 6-inch overcore of C-528 at the horizons
where spins and core losses occurred in C-527 and NI portion of 0-528.

Overburden drilling was accomplished with 9-7/8-inch rockbit or 9-1/2-
inch fishtail bit except in UC-530 and UC-531 which were drilled in an area
suspected to be underlain by weathered Muncie Creek Shale. In these two
holes, the lowermost 12 feet of overburden was sampled with a 5-inch, fixed
piston Shelby tube sampler in order to accurately locate the top of bedrock
and to insure a quality sample of the contact.

Inclinometer borings were drilled 5 feet into the Cement City
Limestone with a 5-7/8-inch rock bit and completed with 3-inch grooved
aluminum inclinometer casing grouted the full depth. The lowermost 5 feet of
each hole was grouted vith 1:1 vatertcement grout to anchor the casing firmly
Into the Cement City Limestone. The remainder of the annulus between the
casing and drill hole was filled with grout consisting of
50 percent bentonite by weight of Portland Cement. A basic mixture consisted
of a 94 lb. sack of Portland cement, 47 lb. of powdered bentonite and 38
gallons of water. This mixture forms a semi-rigid material capable of
proportionally transmitting any deformation to the casing should movement
occur.

Piezometers and pore pressure devices are the open tube type and are
constructed of 3/4-inch PVC pipe with 1-1/2-inch diameter, 1-1/2 ft. long
0.020-inch slotted PVC well screen tips. Overburden piesometer tips are
isolated and sealed in the lover, more permeable materials. Five open tube
pore pressure devices were installed in the foundation shales; two in the
thick shale sem in the Raytown Limestone, two in the Chanute Shale and one in
the Nuncie Creek Shale.

c. Results of exploratory drillins prosram.--At the start of the
Investigation the purpose of thedrilling program was primarily to ample and
preserve for testing, the Raytovn-Huncle Creek contact. It seemed then that

(the most likely plane to have been disturbed by ice thrust deformation would
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have been the Raytovn-Nuncie Creek contact since the Raytown forms the top of
bedrock and consists of moderately hard limestone directly overlying a
relatively soft shale. The first core hole, however, revealed slickensided
planes in a very soft shale seas in the lover part of the Raytovn Limestone.
The seem is about 0.4 to 0.5 feet thick, approximately 1-1/2 feet above the
Muncie Creek and is persistent throughout the abutment. Apparent shear planes
were observed in every sample of the shale ano recovered. Several thin shale
partings are present above this seam but they are not continuous. The contact
of the laytown with the Muncie Creek as well as the remainder of the Muncie
Creek and the Chanute vere determined to be inconsequential with respect to
embankment stability.

d. Instrumentation sonitorins.--Prior to the initiation of the
seepage investigation, the basal layer the left abutment overburden was
monitored by piesometers located upstream of centerline and at the toe at
Station 110.00, and at the toe at Station 114.00 and Station 119+00.
Monitoring of these piebometers was done on a quarterly basis. During the
seepage investigation, additional devices were installed at the top of the dan
at Station 106+00, dovnstream mid-slope at Station 110+00, downstream of toe
at Station 110.00 and at the toe at Station 118.00. The devices confirmed the
high pressures measured by the existing devices and enabled better definition
of the plezoetric surface. Monitoring was increased to monthly.

Recorded data shoved piezometers in the left abutment foundation
overburden respond rapidly to changes in pool level. Responses ranged from
40-60 percent with maximum time lag of a few days. All new installations
responded similarly to existing devices (see plates A-9 - A-IIA).

Beginning in April 1984 and as a result of the revised operation plan
for the project, instrumentation vas monitored according to the following
schedule:

Pool Ilevation Frequency

864-868 weekly
868-869 biweekly
869 and above daily

Monitoring included all piezometers, Inclinometers, and alignment
monuments in the left abutment area. This increased monitoring also resulted
in better definition of projections of plezometric levels for a spillway crest
pool condition (see plates A-12 - A-14).

Two inclinometers Installed in April 1984 at Station 108+00 and
Station 110+00 have shown no movement. They have been read at least weekly
since installation with biweekly and daily readings at higher pool levels.
Typical movement versus depth and movement along the Raytown shale seas versus
time plots are shown on plates A-15 - A-16. Alignment monuments similarly
have shown no indications of movement. Typical plots are shown on plates A-
17 - A-18.

6. Test vells.--Seven test wells were installed in the left abutment area
and tested to determine their effect of lowering the piesometric surface.
Locations are shown on plate A-3. Three of the wells; V-I, V-3, and V-4; are
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located In areas vithin vhich the piesometric surface is belov existing ground
surface and therefore, must be pumped. The other four; V-2, V-5, V-6, and V-
7; are in the area vithin vhich the plezometric surface is above the ground
surface and consequently, are free floving.

a. Pumped test veils.

(1) Installation and development.--Pumped test veils vere drilled

vith nominal 13-inch diameter rockbits and self-destroying organic polymer
drilling fluid through the Raytovn Limestone. Installation details are shov
on plate A-19. Screen Is 6-inch diameter type 304 stainless steel, continuous
slot design. Casing Is 6-inch diameter schedule 80 PVC pipe. Screen slot
opening is 0.060-inch. Gravel pack gradation is as follovs:

Sieve Size X Retained

No. 4 12
NO. 8 66
NO. 16 90
No. 30 96
No. 50 99
NO. 100 99.7
No. 200 100

Vell development consisted of dispersing clays vith a polyphosphate
solution, surging vith surge plunger, and high velocity vater jetting through
the screened section.

(2) Pump testing.--V-1, V-3 and V-4 vere pump tested individually

as they vere completed. In addition, a long term pump test was done
simultaneously pumping V-I, V-3, and V-4. V-I vas pump tested individually at
10 GPM vhlle monitoring P-110-3, P-110-8, P-110-4, P-110-6, P-110-7, P-106-4,
P-118-1 and P-119-1. No measurable responses vere recorded in P-106-4, P-118-
I or P-119-1. Computed values for transumissivity (T) and storativity (S) from
pumping V-I are as follovs:

P-110-3 p-110-4
T-1000 GPD/jt. T w 1300 GPD/jt.
S w1.4 1 10 S - 0.9 1 10"

P-110-8 P-110-6
T-300GD/. T018 0 G/t.
S-o0.8 1 10 T 100 0 ,o-

V-3 vas pump tested at 25 GPM vhile monitoring P-114-1, P-113-1, P-
112-1, P-110-3, P-110-6, P-110-4, P-110-6, P-110-7, P-118-1 and P-119-1.
Measurable responses vere recorded only in P-114-1 and P-113-1. P-112-1

(1
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van not functioning during the test. Computed valves for T and S from pumping
V-3 are as follows:

P-113-1 P-114-1

S3200 XPD/Jt T - 4300 GPD/Jt.S -o.5 X10" s -0.5 XlO0-

A pump test vas started in V-4 at 10 GPM while monitoring P-110-9, P-
109-1, 1-110-3, P-108-2 and V-I. Hovever, after 2 hours pumping, dravdovn in
the vell vas near the top of the screen and no responses vere observed in any
of the piezometers. The test was terminated and the vell was redeveloped.
The well was not pump tested individually again.

The rather vide range of T & S values obtained from the pump tests and
the somevhat unpredictable effects of pumping each of the three wells indicate
significant lateral variation in permeability of and/or thickness of the basal
pervious material. The transmissivity of the pervious appears to be greatest
upstation of approximately Station 112+00 and is quite small downstation of
approximately Station 108+00. The higher transmissivity in the vicinity of V-
3 may be caused by either a thickening of the pervious zone or the presence of
higher permeability material or a combination of both. The lover values near
V-4 appear to be caused by the presence of less permeable material In this
area. As shown on plate A-20, the greatest dravdovn over the largest area
results from pumping V-I.

On 31 May 1984, a long term pump test was started with all 3 vells
pumping simultaneously. V-1 vas operated at an average discharge of 7.5 GPM,
W-3 at an average discharge of 17 GPN and W-4 at an average discharge of 5
GPN. Again, dravdovn in V-4 vas rapid with no corresponding response In
nearby piezometers. The pump vas shutoff, removed and the well again
redeveloped. No improvement In vell performance was realized. The test was
run for 27 hours. All piezometers installed in the basal pervious overburden
were monitored during the test. Distance-dravdovn plots were constructed for
V-I and V-3 from pump test data at 24 hours and these contoured as cones of
heads. Dravdovn contours are shown on plate A-20. These were subtracted from
contours of the plezometric surface projected to the spillway crest pool for
the interim analysis and the resulting contours of the piezometric surface
with pumping are shown on plate A-21. These piezometric projections were
based on early data and were subsequently revised based upon additional data,
spring 1984.

b. Test relief wells.

(1) Installation and development.--Flowing test wells were
drilled with nominal 10-inch diameter rockbits. Because piezometer levels
were above ground, weighted bentonite slurry drilling fluids were used.
Installation details are shown on plate A-19. Screen is 4-inch diameter type
304 stainless steel continuous slot design. Casing is 4-inch schedule 80 PVC
pipe. Screen slot opening is 0.060-inch except V-5 ip which slot opening Is
0.030-inch. Gravel pack gradation is the same as for the pumped wells.
Development was done by jetting a polyphosphate solution through the screened
section and by surging with a surge plunger.
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(2) Vell effectiveness.--Installation of 4 flowing test vells, V-

2, V-5, V-6 and V-7 was completed on 9 June 84. After all the test wells yore
completed and developed, they were all plugged, the piezometric surface(alloyed to stabilize and then the veils unplugged. Piezometers were monitored
daily for the first full week after unplugging the test wells and weekly
thereafter. The pool was at elevation 868.4 during this time. Total dravdovn
in each piezometer in response to the flowing wells was plotted, contours
drawn, and these values subtracted from refined piezometric contours projected
to a pool at spillway crest for the final analysis. These are shown on plate
A-22.

7. Shear strength testing.--To provide design strength parameters for the
interim and final analyses, consolidated-drained direct shear "S" tests,
residual shear tests, and triaxial compression consolidated-undrained (with
pore pressure measurement) "R" tests were conducted.

a. Test procedures.

(1) Direct shear and residual shear.--The direct shear and
residual shear tests were conducted with a 3-inch square shear box in which a
usually 0.5-inch thick sample is made to shear horizontally. For intact shale
specimens the peak strength is obtained within .3 inches of horizontal
displacement. The residual shear condition is attained by repeatedly
reversing the direction of shear on the induced shear plane. Intact, precut
and remolded specimens were tested. Specimens were consolidated in most cases
to 6.0 tons per square foot (TSF) prior to shearing. Deformation rates were
on the order of 0.2 to 0.4 inches/day. Soft shale specimens were trimmed
using a band saw; a diamond rock saw was used when harder rock formed part of
the specimen.

(2) Triaxial compression consolidated-undrained (with pore
pressure measurement) R tests.--The R tests were conducted to determine total
and effective stress strength parameters on slickensided surfaces in the soft
Raytown shale seam. The slickenside was oriented at 55 degrees to 60 degrees
from horizontal to assure failures developed on the slick. Specimen size was
1.4-inch diameter by 3-inch long so that 2 specimens could be trimmed from a
single 6-inch core containing the near horizontal slick. Specimens were
trimmed using a band saw and a supporting jig to prevent disturbance or
shearing on the slick. All specimens were back-pressure saturated to obtain
100 percent saturation (Skempton's B parameter greater than .95 was required)
prior to consolidation and shear. The shearing rate was selected to allow
pore pressure measurements and was based on t50 from the consolidation data.

b. Initial tests.--A 4-inch core sample (hole 1-108-1) recovered from
the Raytown Limestone contained soft shale seam about 1-1/2 foot above theAMuncie Creek contact. The seam had a continuous near horizontal slickensided

surface but the sample was too small to test intact. There was, however,
sufficient material to run a remolded specimen. The specimen was consolidated
to 12 TSF, rebounded to 6 TSF and precut prior' to shearing. The specimen
developed a residual shear strength of tan* - 0.147. At first this was
believed to represent a lover bound residualrstrength. However, subsequently
it was discovered that the shear surface contained "gritty" particles and the
test results were considered unrepresentative.

(
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The first 6-inch core hole (C-525) recovered the same thick shale seam
in the Raytown, but as in the earlier exploratory drilling efforts, core loss
and spins occurred in the upper Muncie Creek. The slick was present in the
thick Raytovn seam (sample 1) and direct shear and residual shear tests were
conducted. A tan f. .416 and tan 0 r .196 were obtained. The
Raytovn/Muncie Creek contact as well as other soft seams in the Raytown and a
low angle fracture in the Chanute shale were tested. These results are
presented on plates A-23 - A-24. Based on these encouraging results, it was
felt the suspected soft seams in the Muncie Creek which had not been
successfully recovered and possibly other areas of core loss would probably
dictate the design shear strength. Sampling efforts were adjusted
accordingly. However, It was considered desirable to obtain at least one
other sample of the Raytown slick to better define the effective stress
envelope, especially any cohesion intercept, and to develop a total stress
strength envelope in case this was needed for the stability analysis.

c. Definitive testing.--An R test was conducted on the Raytown slick
(C-527). Although problems were encountered with the test, an interim design
strength of c' - 160 pounds per square foot (psf), tan ' - .265 was selected
for the Raytown seam see plate A-27. Since this was considerably lover than
the previous direct shear result from C-525, another direct shear test was run
C-528. It did not confirm the earlier direct shear test results. This time a
tan *u .289 and tan 4 - .129 was obtained. The inconsistency is best
explained by the concave shape of the slick surface in the earlier test as
opposed to a near planar surface in the latter. Because of the wide
difference in results, it was considered prudent to run an additional R test
and residual shear tests to increase the confidence level in the strength
results. In the meantime, by using an overcoring technique, it was determined
that suspected soft seams in the upper Muncie Creek were not present. Thus
the design strength would be dictated by the slickensided surface which had
been encountered in all the samples recovered from the Raytown shale sem.

Residual strengths obtained on precut specimens from the Raytown seam
were nearly identical to the result from the intact specimen on the planar
slick, tan 4 - .13. Of some interest is the fact that the peak strengths on
the precut sfrfaees were also quite similar to the peak strengths on the
planar intact specimen. The second R test result from C-532, was c' - 500
psf, tan 4' .31. A final direct shear test was run at a consolidation
pressure of 4 TSF. From these additional tests, the final design strength was
adjusted to c' - 250 psf, tan f' - .268 (see plate
A-27). Thus the selected peak design strength was not significantly lover
than the original design peak envelope.

8. Stability analysis criteria.

a. Shear strength considerations.--The DH and preliminary stability
analyses were conducted using two different strength approaches: 1) peak
design strength along the entire failure slide surface and 2) peak design
strength along the failure surface in the active and passive wedges and
residual shale shear strength in the central block portion of the slide.
These strength approaches were discussed with NRD and OCR personnel at a site
inspection in late April. It was agreed that use of the residual strength in
a stability analysis may be overly conservative. However, use of peak
strengths in the analysis was probably unconservative, because of strain
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incompatibility between a shear zone in the shale, the foundation overburden
and the embankment. Vith small strains in the shale, the peak strength could
be developed before peak strengths are attained in the embankment and
overburden.

Accordingly, a third approach was considered for the interim and final
analyses vhich would allow use of peak strength in the active wedge portion of
the failure surface and in the shale seam, but not in the passive wedge
portion since relatively large displacements vould be required to develop full
passive resistance. It was considered reasonable to use strengths in the
passive wedge (foundation overburden) vhich correspond to 0.5 percent strain
development. Strains somewhat larger than this vere required to develop the
peak strength in tests on the slicksided shale surface. Test results on
overburden clay samples from the left abutment and for the embankment Vere
available from the earlier design investigation. Although record control
tests from the embankment indicate higher strengths than those used for the
design analysis, design strengths were not changed. (The D91 strengths vere
determined for minimum required placement conditions, 95 percent maximum
density and +3 percent optimum water content.) As a result of the extensive
exploratory boring through the foundation overburden, it vas concluded that a
coarse-grained pervious layer was consistently present immediately above rock.
Since DH tests on overburden samples were on the weaker lean and fat clays it
vas believed reasonable to assign a strength to the pervious layer of c-0, #
.30 degrees in the active vedge portion of the failure surface. In the final
analysis, the Raytown Limestone above the shale seam in the active wedge was
assumed to have a vertical joint and was given no shear strength. See plate
A-27 for a summary of the design strengths used for the various analyses.

b. Required safety factor.--In many cases during a DH stability
analysis, comparatively little is known about specific foundation conditions
at a given location. The design safety factor of 1.5 required by IN 1110-2-
1902 for the steady seepage case is in part, intended to provide an added
degree of safety, in case possible locally veak areas do exist. Since
considerable exploratory work, sampling, and testing vas conducted for this
investigation, a safety factor of 1.3 for the left abutment embankment is
appropriate for the detailed stability analyses conducted.

The minimum safety factor of 1.3 must be obtained using the more
conservative hand vedge method (with horizontal I and I forces) instead of
SLOPEU. The hand wedge method has been used extLknivelY by the District in
past stability analyses and thus is an integral part of our slope design
experience. SLOPR3R vas used to expedite the analyses and to find the most
critical combination of slope and piezometric levels. The results were
checked by the hand wedge method.

9. Left abutment embankment stability analysis.--The re-analysis of the
left abutment section for embankment stability van conducted in three phases.
A preliminary stability analysis used ON strengths and projected piesometric
uplift levels based on recorded data. The results of the preliminary analysis
led to concerns for the stability of the dam at high pool levels. Subsequent
analyses included an interim analysis for an interim solution and final
analysis for a permanent solution.

C
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a. Interim analysis.--An early objective of the investigation was to
determine vhether an interim solution could be effected which would not
require the construction of an expensive stability berm. Further, emergency
construction of a berm would have in all likelihood been rockfill and made
additional and badly needed exploratory work very difficult, if not
impossible.

The interim solution which was discussed with MRD in June 1984,
consisted of pumped test wells installed through the downstream slope. The
interim analysis was conducted at Station 110+00 with pool levels at
multipurpose pool and at spillway crest pool. The third strength approach was
used for the analysis, using peak strengths in the active wedge and central
block and strength corresponding to 0.5 percent strain in the passive wedge.
The strengths used are shown on plate A-27.

Piezometric levels used corresponded to recorded values for
multipurpose pool and projected values for a spillway crest pool condition.
Drawdown obtained from the pumped test well data at multipurpose pool was
subtracted from the projected piezometric levels at spillway crest. The
piezometric contours used in the interim analysis are shown on plate A-21.
Results of these studies are summarized below and on plate A-28.

Safety Factor

Hand Wedge SLOP98R

Multipurpose Pool, El. 864.2 1.40 1.66 (0.8.50)
Spillway Crest Pool, El. 880.2 1.20 1.41 (0-8.00)
Spillway Crest Pool with pumped test wells 1.32 1.55 (9-8.9)

From the plot of safety factor versus pool level it was determined
that pumping would begin whenever a pool of elevation 872 or higher is
forecast to assure a safety factor of greater than 1.3 (see plate A-29).

While this interim solution provides an adequate safety factor, it is
not desirable as a permanent solution since it requires a specific human
response for the life of the project whenever high pools are experienced.
There are concerns that at some time in the future, when current personnel are
no longer around, that the necessity of maintaining and of pumping the test
wells each time the pool approaches elevation 872 may be forgotten. The
solution is also dependent on complete mechanical and electrical reliability
of pumps and generators; any significant downtime during periods of high pool
would be potentially dangerous.

b. Final analysis.--The final stability analysis consisted of
locating the most critical slope in the abutment area for the steady seepage
case at spillway crest pool, both with and without pressure relief wells at
the toe. Piezometric levels were projected for this pool condition, using the
most recent recorded piezometric levels. This analysis of the more recent
piezometric data indicated some reduction in anticipated pressure levels was
justified. Dravdown data obtained from the installation of 4 test relief
wells near Station 1100.0 was used to evaluate the effect on stability. The
dravdovn obtained with the pool at elevation 868 was applied directly to
:efined projected spillway crest piezometric levels (see plate A-22).
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With the completion of laboratory shear strength testing, the design
shear strength for the shale foundation was further refined as discussed
previously. This final design shear strength vas used vith the sam strength
approach used in the interim analysis, that is, peak strengths in the active
vedge and central block, strength at .5 percent strain in passive vedge and a
required safety factor of 1.3 (see plate
A-27). Results at Station 110+00 are as follows:

Safety Factor

Hand Wedge SLOPBSR

Spillway Crest Pool, without relief wells 1.25 1.47 (-8.7)
Spillway Crest Pool, with relief wells 1.30 1.53 (0-8.7 )

The safety factors above are conservative in that piezometric levels
assumed for the "with wells" condition are conservative. The effect of the
wells at a spillway crest pool should be greater than with the pool at
elevation 868.

Further the safety factor will be increased by lowering the outfall of
the wells with the installation of a buried collector pipe at a depth of 3-4
ft. and installing more pressure relief wells at the toe and through the
embankment with the "outfall" in the pervious drain. (See recommendations.)

10. Conclusions.--The following conclusions are made.

a. The embankment on the left abutment as constructed has an
inadequate safety factor with respect to slope stability for a spillway crest
pool, steady seepage case, because of higher than anticipated piezomtric
levels in the foundation.

b. An interim solution of pumped test wells through the downstream
slope will provide an adequate safety factor until a permanent solution can be
implemented. The pumping will commence whenever the pool is predicted to rise
to elevation 872 or higher.

c. Construction of a stability berm is not warranted. In addition
to the cost ($500,000 +) and environmental impacts, it cannot be implemented
as quickly or as efficiently as pressure relief wells. Installation of
pressure relief wells at the toe area will provide an adequate safety factor
for spillway crest pool, steady seepage conditions.

11. Recommendations.--The following recommendations are made.

a. Pumped test wells should continue to be implemented as the
interim solution until the permanent solution is in place.

b. The following schedule for monitoring of the existing
instrumentation in the left abutment area is recommended.

(
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Pool glevation Frequency

865.5 and below monthly
865.4 to 869 veekly
869 - 872 biveekly
872 and above daily

c. Additional pressure relief veils should be installed in the too
area as shovn on the plate A-30. The vell outfalis should be connected to a
buried collector pipe. Additional vells should be installed through the
dovnstream slope vith a riser section containing a well screen at the pervious
horizontal sand blanket to provide pressure relief. stimated cost for the
above remedial measures are as follow:

12 additional pressure relief vells #$6,000 na $72,000
Buried collector system 8 000

d. It is also recommended that the veils be installed vith the
District's ovn hired labor drill crevs for the folloving reasons:

(1) With the existing piesometric surfaces vell above the ground
surface in the area vhere the veils for a final solution vould be installed,
the risk of an inexperienced and/or inept contract drill crew losing a bole or
othervise compromising the integrity of the dan is too great.

(2) The Kansas City District drill crevs have successfully and
efficiently installed four test veils in this area vithout any compromise of
the safety of the dam.

(3) Due to the heterogeneity of the subsurface conditions in the
left abutment area, some adjustments in vell location, screen locations,
screen size, etc., may be required based on the conditions encountered.
District drill crews can more readily adapt to such required changes.

(4) If funds vere made available for Implementation of the
proposed permanent veil solution, District drill crews could have all of the
york completed by time it vould be put out for bids under normal procurement
procedures.

(5) For a viable dam safety program it is essential that In-
house drill crev forces be able to respond quickly and effectively to dam
emergencies. In order to provide this response it is necessary for In-house
drill crey forces to have drilling experience in conditions and of the type
that vould be encountered in a dam emergency. Although the present conditions
at Smithville are not an emergency, the opportunity to install relief veils
and a collection system under high piesometric head conditions is an excellent
means of further honing and refining the expertise that presently exists in
the Kansas City District.
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Smithville seepage Report

1. Introduction.--Smithville Dom is located on the Little Platte river
about 1 ile nortest of Smithville, Missouri. The project yes authorised by
the Flood Control Act of 1965 vith construction starting in February 1974.
The dam In a rolled earthfill embankment vith tvo dike sections located in low
areas high on the left abutment. Foundation material consists of valley
alluvium, loess residual soils and glacial drift. Impoundment began in
October 1979 but lake filling ws delayed because of real estate acquisition
problems. Multipurpose pool, elevation 66.2, was first reached In June 192.
The record high pool to date, elevation 869.4, occurred in April 193 and
again in April 1964. Flood control pool is elevation 876.2, while spillway
crest pool is elevation 860.2.

Seepage yes first observed at the project during a site visit in
April 1983 when the record high pool to date uas reached. A seep area had
developed at the downstream toe of the wain embankment at Station 110+00 near
the bass of the left abutment. The area uas spongy and vet but flowing
conditions were not observed. Piezometric levels recorded in the foundation
overburden in the area were 3 feet above ground. In August of the soe year
Hr. Roy Bowers, the ovner of a tract of farmland adjacent to the left dan
abutment, reported a large Yet area in his pasture about 3,000 feet downstream
(vest) of the main dike. According to Mr. Bowers, the area had been wet
during spring and early aumer but he had attributed this to heavy
precipitation during that period. Hovever, during the extended dry period of
the summer of 1983 the area remained vet. Consequently, Mr. Bovers reported
the condition to the project office at the lake. & subsequent field
reconnaissance revealed three general areas of groundwater seepaget (1) the
downscream seep area; (2) the dike seep area; and (3) the Bowers seep area (as
shown on Plate B-1). An Investigation of the seep areas us initiated to
determine the causes, potential consequences, and possible remedial measures.
It included 14 piezomters and observation wells installed in a line between
the lake and the Bowers seep area and in the seep area itself. Five
piezometers were installed near the downstream seep area. In addition, a
series of tn relief drains were installed in April 1984 on both the lowers
property and adjacent Government property to provide a measure of seepage
control and to determine the effect on the piezometer surface.

2. Goolo y.--Sithville Lake is located near the southern limit of the
Dissected Till Plains Section of the Central Lowlands Physiographic Province.
Major topographic features are the maturely to submaturely developed valleys
of the Little Platte River, Crows Creek, and Caup Branch. Drainage patterns
typical of northern Missouri are developed on thick glacial deposits resulting
in gently rolling topography. Bedrock exposures are not common but can
occasionally be found along the bases of valley wells of major streams.
Maximum relief in the area is about 160 feet.
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a. Glacial history.--Pleistocene glaciers extended into the northern
region of Missouri approximately 750,000 years ago during the Kansas glacial
episode and persisted for approximately 1S0,000 years. Glaciers may have also
advanced into the area during the earlier Nebraskan episode. Both the
Nebraskan and Kansan advances vere from the north-northvest and are attributed
to the Iova ice lobe from the Keevatin ice center in Canada. Since the same
general regions vere traversed during both episodes, the content of resultant
drift materials is similar and difficult to distinguish. The southern limit
of glaciation is generally recognized as being slightly south of, and
approximately parallel to, the present course of the Missouri River.

Pleistocene ice sheets have been compared in size and extent to those
of the Antarctic vhich have an average central thickness of about 6,500 feet.
Estimated thicknesses of marginal masses are of the order of 1,600 feet.
Glacial erosion yas primarily by abrasion and quarrying vhereby slabs of
frozen ground vere sheared from and dragged forvard over nonfrozen ground.
Magnitudes of erosion vere dependent upon the thickness and velocity of the
ice mass, the nature of materials incorporated into the basal Ice, and the
character of surfaces overridden. Glacial sediments include nonstratified
till and, less frequently, fluvio-glacial deposits of stratified silts, sands,
and gravels. Drift of variable thickness has been deposited upon essentially
flat lying Pennsylvanian bedrock and is the thickest in pre-Pleistocene
topographic lovs.

b. Overburden.--Overburden in the vicinity of the dam is of three
principal types; alluvium, glacial drift, and loess. Alluvium occupies the
valleys of the Little Platte River and its tributaries and generally consists
of lean and fat clays overlying clayey sands and sandy clays vith minor
amounts of basal gravel. Thicknesses range from 25 to 50 feet. Upland areas
are deposits of glacial drift thinly mantled vith loess. In the left abutment
area, the drift ranges in thickness up to 85 feet and generally consists of 20
to 60 feet of till overlying 5 to 25 feet of coarser outvash sediments. Till,
in general, is composed of unsorted, unconsolidated (geologically),
nonstratified sediments deposited directly by and underneath glacial ice
rasses and consists of heterogeneous, random mixtures of clay, silt, sand,
gravel, cobbles, and boulders. The overburden above approximately elevation
845 in the left abutment is predominantly lean clay glacial till vith
scattered gravel and cobbles and occasional isolated silty sand lenses. Below
elevation 845, the material is such more heterogeneous vith considerable
lateral and vertical variation. Throughout most of the abutment area, the
upper 11 to 20 feet of this lover unit is generally silt, hovever, silty clay
or lean clay vas encountered in some borings at this horizon. Below the silt
zone, the material is coarser and consists of sand, gravel, and cobbles
generally vith a significant amount of silt and clay. The coarser materials
underlying the till are meltvater sediments deposited from advancing or
retreating ice sheets. Loess overlying the till reaches a thickness up to
20 feet in the area. The maximum thicknesses occur on broad, gently sloping,
intertreas divides vhere erosion has been minimal.
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c. Bedrock.--Near surface bedrock strata are of the Pennsylvanian
System, Lansing iI Kansas City Groups and consist of alternating beds of
shale and limestone. A geologic column for the left abutment is shown on
Plate 3-6. The essentially horizontal configuration of the left abutment
bedrock surface is the result of a pre-Pleistocene stream channel trending
generally east-vest through the abutment. It is one of two major channels
mapped in the reservoir area vhich are part of the ancestral Missouri River
drainage system prior to the advance of Pleistocene glaciers. The other is
located several miles upstream of the dam in the reservoir area. As ice
masses traversed the area, existing sediments were scoured away and near-
surface bedrock strata subjected to shear forces induced by ice thrusts.

3. Field investigations.

a. Field reconnaissance.--The initial phase of the field
investigations involved a field reconnaissance of the entire left abutment
region downstream of the dam embankment and main dike. Three general ares of
seepage vere found (see Plate B-I). The first area, labeled the Bovers seep
area, covers about 20 acres of land both on Government and private property,
about 3,000 feet downstream of the dike and adjacent to the valley alluvium of
Vilkerson Creek. The private property includes two parcels of land, one ovned
by Roy Bowers and the other by Roger Burnett/Helen Cutting. The area was
characterized by numerous seeps: (areas are like numbered on Plate B-2)
(1) in a large draw on Government property where natural springs are located;
(2) at the northeast corner of Bowers' property and extending south along the
fence line; (3) above the waterline of pond A, on the Burnett/Cutting
property; and (4) in the small draw to the east of pond B, the larger pond at
the south boundary of the seep area. Much of the northeast corner of Bowers'
pasture bounded by the draw below pond A and the draw to the vest was vet and
extremely soft from ponding of seepage. Flow from the area was less than 10
gallons per minute. The second area, known as the dike seep area, is located
immediately downstream of Highway DD at the downstream toe of the main dike.
The quantity of flowing water from this area was quite small, less than 1
gallon per minute. The third area, the downstream seep area, had previously
been identified downstream of the main embankment near Station 110+00. The
area had remained soft and spongy but flowing water was not evident In the
area adjacent to the embankment. However, flowing water was observed in the
area downstream of the toe road.

During the extended dry period in the summer of 1983, farm ponds
outside the outlined seep areas were either dry or very low. Those within the
seep areas were at, or very near storage capacity, being constantly fed by
groundwater seepage. Also, several mature trees located in the large draw on
the north side of the Bowers seep area died, apparently as a result of
intolerance to the elevated zone of saturation.

In connection with the field reconnaissance, several persons familiar
with the area either previous to or during construction of the dam vere
contacted. They related that before impoundment some of the current seep
areas contained natural springs or became unusually vet during periods of vet
weather. Construction personnel recalled that during the 1974 flood during
which the Little Platte River valley was inundated behind the partially

(
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completed embankment, drinking water from an old veil at the construction
office located on the left abutment became very dirty. It apparently became
dirty as a result of the valley flooding causing a significant increase in the
groundwater level.

b. Drilling and instrumentation.--A drilling program was initiated to
determine if the Bowers seep area was related to the impoundment of water in
Smithville Lake. The program sought information to determine the type of
materials present, to determine the existing pressure gradient from the lake
to the seep area, to monitor uplift pressures at the seep areas, to monitor
piesometric responses to pool fluctuations over an extended period of time,
and to determine the top of bedrock surface contours in the left abutment.

Initially, a series of borings were completed in the fall of 1983
along a line between the lake and the Bowers seep area (D-513 through D-518
and DC-514A) (see Plate B-I for location and Plate B-3 for profile). Borings
were advanced by continuous churn drill sampling of overburden materials with
a 6-inch diameter drive barrel. Representative samples were retained for
laboratory soil classification and mechanical grain size analyses. In most
borings, difficult drilling conditions resulted when cobbles and gravel were
encountered near the bedrock surface. In order to positively identify the
bedrock surface, some of the borings were continued into bedrock short
distances with NIX core barrels. Borings were completed either as observation
wells monitoring the more permeable basal layer of the glacial drift
(D-513(OV), DC-515(OV) through D-518(OV)) or as piezometers monitoring
isolated zones in the basal layers to determine if a pressure gradient existed
within the basal layer itself (D-514(PZ), DC-514A(PZ)). Monitoring devices
were constructed of 2-inch PVC pipe and slotted vell screen (see Plate B-6 for
typical installation diagrams). Table B-I provides a listing for all the
Instrumentation installed during the investigations.

Five additional borings were completed downstream of the main
embankment centerline to supplement and verify existing data for use in
determining the extent of the more permeable basal layer (P-106-4, P-110-6,
P-1IO-7, P-110-8, P-118-1) (see Plate B-1 and Table B-1). Drilling and
sampling methods were essentially the same as the initial series. NX core
samples were obtained from three holes to accurately determine top of rock.
Borings were completed as piezometers with tips isolated just above top of
bedrock.

A final series of eight borings were completed in February and March
1984 in the Bowers seep area to determine the thickness and material types of
the alluvial confining layer and to install piezometers to measure the uplift
pressures present. Three were drilled with continuous, hollow stem flight
augers (A-519, A-520, A-521). Two were advanced by continuous churn drill
sampling with 6-inch/4-inch diameter drive barrels (D-519A, D-521A). (These
two holes were completed in the same location as the auger holes because of
the need to obtain samples from the hole after the water table was encountered
and to install reliable devices.) Two were drilled with a 6-inch rockbit and
sampled with either a 3-inch or 1-3/8-inch split-spoon (D-522, D-523). One
was drilled with a hand auger (A-524). Piezometers were installed just above
bedrock in all borings but two. In A-524(IZ), the tip was isolated 8 feet
below ground surface in the low permeability confining layer. A piezometer
could not be successfully installed in A-519 because suspended solids left
from the drilling action in the hole plugged the tip.
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c. Findins.--The basal layer of the glacial drift consists of up to
40 feet of ahe-terogeneous mixture of silt, and silty or clayey sands and
gravels, vhich form a natural pervious zone. This zone contains between 10 to
30 percent fines passing the No. 200 sieve (see Plate B-7). The thickness of
the zone ranges from 40 feet under the upland portion of the abutment to less
than 10 feet towards the valleys (see profile on Plate B-3). The zone
terminates or becomes very thin in the valleys having been eroded away and
replaced by alluvium. The material is more gravelly and cobbly where it is
thickest, and becomes more sandy as it thins. Similar materials were found to
crop out in the bluffs along Crows Creek upstream of the dam prior to lake
filling. At that time it was believed the more pervious zones of glacial
materials were too discontinuous and erratic to become seepage problems after
impoundment. However, now it appears the more pervious zones are continuous
under the entire left abutment area. The natural pervious in combination with
the overlying lean clays and silts and underlying tight bedrock form a
confined aquifer system which is recharged from the lake. After initial
entrance pressure losses, the piezometric pressure gradient is relatively
flat. The pressure gradient steepens near the seeps (see Plate B-3). The
seep areas are characterized by decreasing thickness of low permeability
material and pockets or lenses of more pervious material extending to near the
ground surface. Pressure levels remain above ground downstream from the
seeps.

4. Hydrogeologic considerations.--Prior to impoundment, the basal layer
of the left abutment glacial drift was a mostly saturated unconfined aquifer
system whose main discharge points were the exposures along the banks of Crows
Creek along with the valley alluvium and naturally occurring springs. In
1971, three borings (D-147, D-148, and D-149) had piezometers installed in
then and were monitored to investigate the possibility of abutment seepage.
Two piezoneters were installed in each boring, one was isolated in the basal
sands and gravels and the other was isolated in higher sand lenses in the
drift. The borings, however, never fully penetrated the basal layer since
refusal was reached 20 feet above top of rock. Thus, when dry readings for
the lower piezoneters were obtained, they were misleading. As stated earlier,
during the 1974 flood the construction office noticed dirty drinking water
which was most likely caused by a significant rise in the water level of their
water supply well. The first link was established between the influence of
the river stage and the water level in the basal layer.

When impoundment began, the exposed basal material along the banks of
Crows Creek became submerged. The discharge area became the recharge area
initially, completing saturation of the aquifer and then subjecting the
confined aquifer system to a hydrostatic pressure head corresponding to the
lake level. The pressure levels increased as the lake elevation rose to
multipurpose pool. Pressure levels in the basal layer near the downstream base
of the abutment increased to above ground level, providing enough vertical
gradient to force seepage from the basal layer through the thinning confining
layer. However, since the relatively impervious alluvium blocks the aquifer
as it emerges from the abutment, seepage quantities are relatively low. Flow
from natural springs increased. Since the aquifer has reached a saturated
condition, changes in pool level produce rapid pressures changes In the
confined aquifer system. Data obtained during pool rises in the spring of
1983 indicates up to a 50 percent response in piezometric levels to changes in
pool level with higher responses closer to the lake entrance point. When
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pressure levels change in the confined system, the quantity or seepage will
change and the extent or seep areas vill tend to change. The extent or seep
areas i also dependent on the length of time the pool is at a given level as
vell as the climatic (temperature and rainfall) conditions at the time.

5. Stability considerations.--Using the information from boring logs and
piezometric data, minimum safety factors against uplift were calculated with
projected piezometric levels corresponding to flood control pool and a
spillway crest pool. Projections were based upon a 50 percent increase in
piezometric levels corresponding to pool increases. Safety facitors were
computed by dividing weight of the soil mass by the uplift pressures exerted
on the mass. In the Bowers seep area, the minimum safety factor against
uplift was calculated as 1.1, while the area immediately downstream of the dam
at Station 110+00 the minimum safety factor approached 1.0. It was concluded
that the uplift stability of both seep areas was questionable when the pool
reached or exceeded flood control pool.

Actions taken in the downstream area are discussed in a subsequent
paragraph. In the Bowers seep area, a series of ten relief drains were
installed in April 1984 to relieve and control the seepage pressures and to
determine their effect on piezometer levels. Drains were initially installed
on 50-foot centers and constructed with 2-inch PVC slotted well screen
(.020-inch slots), (RD-I to RD-7). The last two drains installed, RD-SA and
RD-SB, were located 25 feet on either side of the RD-5 which had the largest
discharge and the greatest effect on the piezometric level of the initial
drains installed. These last two drains were constructed with 4-inch PVC and
.030-inch slotted well screen to allow for greater discharges while reducing
the entrance velocity. Each screen was surrounded by a commercial filter pack
to prevent migration of the natural material into the well and to increase the
effective well radius. Typical Installation diagrams for both the 2-inch and
4-inch drain are shown on Plate B-6. A schedule of the relief drains are
shown in Table B-2. Relief drains installed on Government property, RD-I
through RD-3, were completed with a churn rig. An all terrain vehicle mounted
CMg 750 was used for installation of the relief drains on Bowers' property
because of extremely wet field conditions. Table B-2 includes a schedule of
relief drains along with the performance of individual drains.

The effect of the relief drains on the piezometric surface was
significant. Drops in pressure levels in the piezometers located down-
gradient from the drains varied from in excess of 7.5 feet in D-522(PZ) to
over 5.5 feet in A-521(PZ) and D-521A(PZ). Pressure drops up-gradient were
measured at over 2.2 feet in D-514(PZ) and DC-514A(PZ) with the amount of
pressure reductions decreasing with increasing distance from the relief
drains. Table B-3 summarizes the effect of relief drains on the actual and
projected piezometric levels. Since the relief drains have been installed,
pool fluctuations have caused little change in the piezometric surface in the
general vicinity of the wells. Piezometers located near the lake remain
unaffected by the relief drains.

A temporary collector system was installed in October 1984 to contain
flows from the seven relief drains on Bowers' property. It consists of 4-inch
PVC pipe and connections assembled together on top of the ground. The area is
fenced off to prevent livestock damage. Discharge is directed into the
nearest drainage ditch to the south (below pond A). The temporary collector
system has significantly dried up the area.
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6. Present conditions.

a. Downstream seep area.--Seepage in the downstream area was further
investigated during late spring 1984. The investigation included a stability
investigation along with measures to control seepage and reduce uplift
pressures. A series of four test pressure relief wells were installed In the
downutream left abutment area near Station 110+00. The test wells were
successful in reducing the piezometric level in the foundation. The Left
Abutment Stability Report, dated July 1983, summarized the field
investigations, laboratory testing, stability studies, and set forth an
interim solution of three pumped wells to reduce uplift pressures during high
pools. It also proposed 12 additional pressure relief wells in the downstream
toe area and through the downstream embankment slope as a permanent solution
to control seepage and reduce uplift pressures. The relief wells and a buried
collector system were scheduled to be installed during the fall or winter
1984.

b. Dike seep area.--The draw downstream of the main dike has been
soft and wet since before construction of the project. The size of willows
growing in the seep areas, show that some seepage was occurring vel before
the lake reached multipurpose pool. However, the two seep areas are located
in the two low areas where the horizontal pervious blanket of the dike extends
underneath the road embankment. Instrumentation installed in the dike
foundation during construction responds to pool fluctuations, but the
pressures at multipurpose pool are not high enough to cause seepage to exit at
the ground surface at the toe. (See Plates B-5, B-27, and B-28.) Projected
pressure levels at higher pools are above ground, but the thickness of the
confining layer should prevent excessive seepage and uplift pressure problems.

c. Bowers seep area.--The relief drains have significantly reduced
pressure levels and maintained the lowered levels during pool rises, but
piezometric levels are still slightly above the ground surface (1.5 to 2.0
feet). Some surface seepage is still occurring. The groundwater table is
still at the ground surface in several places. The amount of seepage is still
great enough to cause floving conditions in the folloving areas:
(1) in the large draw on Government property where the influence of the lake
has increased the flow of natural springs; (2) on Government property near the
northeast corner of Bowers property; (3) above the waterline of pond A; and
(4) in the small draw to the east of pond B (areas marked on Plate B-2). All
of the flow crosses Bowers' property before entering Vilkerson Creek. The
hillside remains damp in several places (labeled A, B, C, and D on Plate B-2).
Erosion and headcutting in the draws leading to Wilkerson Creek are being
aggravated by the constant flow from the relief drains, seeps, and natural
springs, (labeled I, II, III on Plate B-2). Short term leases are being
acquired on both properties.

7. Conclusions.

a. Dovnstream seep area.--The downstream seep area is directly
affected and fed by the lake. Due to the potential embankment stability
problems caused by this seepage it was the subject to the Left Abutment
Stability Report, dated July 1984 which provided an analysis of the problem
and proposed permanent remedial action. The remedial action which includes 12
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pressure relief wells and a buried collector system is presently under
construction. 'hen completed, it will provide a comprehensive and permanent
solution to the seepage conditions in this area.

b. Dike seep area.--There is no apparent direct connection betveen
lake levels and the seepage in the dike area. The present seepage is believed
to be originating from isolated sand lenses in the glacial drift in the dike
foundation. This seep area was present prior to construction and has not
changed significantly with the filling of the lake. However, because of
piezometric response to the lake in the lover overburden, this area will
continue to be monitored and possibly have some additional instrumentation
installed. No remedial work is warranted.

c. Bowers seep area.--The existing seepage conditions on the Bowers
property, the Burnett/Cutting property, and the adjoining Government lands are
caused by and affected by the lake levels. The relief drains previously
installed help to reduce excessive seepage pressures. However, the associated
problems with large saturated areas and headcutting still exist. Although
areas of instability during high lake levels would probably not have the
potentially catastrophic consequences that similar areas immediately
downstream of the dam would have, they could be significant, particularly on
private property. Access and remedial actions in an emergency could be
severely restricted. It is unfortunate the affected Bowers and
Burnett/Cutting properties were not acquired during the original land
acquisition for the Smithville Lake. Due to the larger and more complex
seepage conditions in this area, an engineered total remedial solution is not
cost effective since any boils and/or slides caused by high lake levels would
not likely be catastrophic. Remedial work consisting of a buried collector
system for the existing relief drains, an emergency access trail, and rock
ditch construction to halt head cutting will be an adequate engineered
solution to the seepage problems, provided the affected tracts of land are
acquired by the Government. Government acquisition will insure the necessary
access for monitoring, instrumentation, additional remedial work, and
emergencies. The cost estimate for the minimal remedial work necessary
consisting of the buried collector system, an emergency access trail, and the
rock ditch protection is $70,000.

8. Recommendation.--The 20 acres of Bowers property and 20 acres of the
Burnett/Cutting property should be acquired by the Government. The minimal
remedial work consisting of the buried collector system, an emergency access
trail and rock ditch protection should be constructed. This area should be
closely Monitored, especially during high pools, and additional remedial work
be performed as needed.

)
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