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CHAPTER 12
REMEDI AL SEEPAGE CONTRCL

12-1. CGeneral Considerations. This chapter assumes that a seepage problem
with an existing structure has been identified and defined by methods dis-
cussed in Chapter 13, or by other observations. The next step is to decide on
a remedy, design and install the remedial neasure, and nonitor its perfornance
to determine if the problem has been satisfactorily addressed. Several fac-
tors, including consequences of continued detrinental seepage, the geotechnical
environment (enbankment, foundation, abutment), and econony, wll determne the
type and degree of renmedial seepage control. Some of the nore critical conse-
quences i ncl ude:

a. Breaching of the enbankment or |oss of support to structural nenbers
due to piping.

b. Breaching of the enbankment from slope instability induced by |oss of
material and/or strength due to seepage.

c. Loss of significant ampbunts of reservoir water.

d. Mintenance problens or |oss of useful areas due to seepage on the
downstream sl ope or areas downstream of the enbanknment.

12-2. Renmedi al Met hods.

a. Factors Affecting Choice of Methods, Several methods of reducing
undesirabl e seepage are discussed in this chapter; nost have been previously
addressed in Chapters 8-11, which described methods and appropriate settings
for each. The renedial designer, while possibly having nore advanced technol -
ogy available than the original designer, must work with existing conditions.
The enbanknent and its foundation, abutnments, and seepage control neasures may
forma conplicated structure through which seepage occurs. This can nmake pre-
cise detection and remedial control difficult or inpossible. Remedial action
may range from continued or additional nonitoring to rebuilding or abandonment
of the dam Choice of renmedial method(s) wll depend on several factors, which
i ncl ude:

(1) Geotechnical environnent.

(2) Risk.

(3) Degree of correction required.

(4) cost.

b. Effects of Methods on Other Structure Elenments. The renedial

designer must also consider the interplay of the renedial measures with other
dam el ements. For exanpl e:

(1) Effect of excavation for drains, cutoff trenches, slurry trenches,
etc., on enbanknent stability.
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(2) Difficulty of tying renedial nmeasure to existing seepage contro
el ement s.

(3) Possibility of hydraulic fracturing when grouting.

¢c. Mnitoring. In all cases, pre- and post-renedial nonitoring of seep-
age is essential to deternmine the effectiveness of remedial action. Since
Chapters 8-11 describe control measures in detail, this chapter wll just point

out primary considerations in the choice of remedial nmeasures and give exanpl es
of their use. These exanples are provided for general guidance only, since
efficient use of remedial measures is very dependent upon geotechnical charac-
teristics of the particular site's as-built configuration, reservoir uses, and
pool history.

12-3. Storage Restriction. The nost direct nethod to alleviate a seepage
problemis to lower the reservoir and restrict pool levels in order to stop or
reduce seepage and its effects. This is often done during problemidentifica-
tion. If piezometer and seepage quantity measurement devices are in place at
this time, the effect of this remedy will be experimentally deternined.
Considerations in storage reduction include

a. Reduction of downstreaminundation area and | evel shoul d breaching
occur.

h. Effects of pool lowering on water supply, flood control, power gen-
eration, navigation, recreation, and environment.

Nornmal Iy, lowering and restriction of the reservoir pool is not an acceptable

| ong-termsolution, but this depends on restriction I evels and purpose of the
reservoir. Care nmust be taken in lowering the reservoir since rapid drawdown
can lead to instability of the upstream slope. O course, risk of upstream
slope failure would normally be a preferred alternative to breaching of the dam
and release of a full reservoir.

12-4. Gouting. Gouting is a comon, |ong-used renmedy for seepage. Its
effectiveness is dependent upon being able to rather specifically locate the

| eaking area and fill the culprit openings wthout danage to the enmbanknent
Possi bl e danage includes cracking of inperneable cores or other inperneable
areas of the enbanknment, foundation, or abutnments, and clogging of drains. If
grouting results in sealing of the foundation just downstream of or beneath the
downstream portion of the dam wuplift pressures nay increase beneath the
enbanknent or seepage may be forced up into the downstream portion of the
enbankment. Pore pressure instrunmentation should be in place to nonitor such
changes before grouting begins. This nust be considered in design of renedia
controls. Because of the many variables in grouting, it is highly desirable
to have an experienced contractor and field engineer. In nany cases, post-
grout drilling may be warranted to determine if the grout has thoroughly pene-
trated the desired area. Information about grout properties and grouting is
given in Chapters 9 and 11. Several case histories follow which provide
general exanpl es.

12-2



EM 1110-2-1901
30 Sep 86

a. 95-ft-High Earthfill Dam (Ley 1974). Upon initial filling, an earth-

fill damwith a foundation and abutments of volcanic tuffs and breccias exhibi-
ted | eakage at one of the downstream enmbankment-abutment contacts and out onto
the downstream slope. |Inspection revealed |eakage from open fractures in the

volcanic rock and drains were installed in the areas of seepage. The seepage
was stable for a nunber of years. Subsequent evaluation of the enbanknent for
seismc safety resulted in a need to reduce foundation seepage quantities and

pi ezometric levels within the enbanknment. A grouting program enpl oyed a | ow
viscosity chenical grout in order to penetrate any perneable layers in the
enmbankment where seepage might be occurring. Gout holes were split-spaced for
120 ft along the dam crest fromthe left abutment. If significant circulation
water was |ost during drilling, the hole was grouted. Initial spacing was

12 ft with 14 of 23 holes taking |ow pressure grout (0-5 psi at the collar of
the hole). This low pressure was to prevent enbanknent heave. Mst of the
take was well into the left abutment with holes spaced as close as 2-1/2 ft and
bei ng deepened in stages and further grouted. Gel tinme varied from2 to

18 minutes and final depth of holes varied from24 to 84 ft. Total take was
3,200 gal with seepage being reduced 90 percent, but with little reduction in
pi ezometric levels. Gouting can reduce seepage quantities significantly but
still not alleviate high piezometric pressures, particularly in tight or fine-
grained materials since any continuous void or pore space can transmit upstream
heads.

b. 140-ft-H gh Earth Dam (Ley 1974). In the left abutment, gypsum had
apparently forned in the bedding planes and fractures of folded and faulted
shale and siltstone. After water was inpounded, |eakage, carrying dissolved
gypsum occurred from the abutment. Settlenent and gradual increase in seep-
age also indicated that gypsum was being renmoved from the formation. Built in
1915, the dam underwent a grouting program from 1930-1933, resulting in place-
ment of about 35,000 cu ft of grout in a series of holes along the dam crest,
the left abutnment, and at the bottom of the hill forming the left abutnent
This program reduced seepage quantities by 75 percent. Approximately 30 years
later, over 32,000 cu ft of cement-bentonite grout (colored with iron oxide to
di stinguish from previously placed grout) was placed in 137 holes to again
reduce seepage and replace material renoved by solution. Cores indicated good
penetration with nmost seams from hairline to 1/8 in. thick. Seepage was
greatly reduced. Oher geologic materials may also be dissolved when subjected
to seepage. In a simlar manner, silt and clay in limestone cavities nay also
be renoved by seepage. Gouting may only be a tenporary solution to a seepage
problem if solution of a soluble foundation continues after grouting.

c. 70-ft-Hgh Earthfill Dam (Ley 1974). Seepage of 130-140 gal/mnute
was discovered downstream and attributed to foundation |eakage. Installation
of drains downstream of the dam allowed collection, netering, and return of
water to the reservoir. Drilling for a grouting program undertaken sone years
later to reduce seepage |osses, reveal ed |oose, sugarlike, deconposed granite
30-40 ft bel ow the dam foundation. The grouting was unsuccessful in reducing
seepage. Subsequently, the bottom and right side of the reservoir were
covered with an inpervious blanket of 40 tons of bentonite mixed with native

material. After mxing of the bentonite with native soil to a depth of 3 in.,
the surface was rolled with a rubber-tired roller. Surface drainage provisions
prevented runoff from eroding the blanket during partial pool. Seepage, after
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bl anketing, decreased 50 percent. In this case, attacking the seepage problem
further upstream (at the reservoir) proved nmore efficient than trying to sea
an underlying seepage path.

d. Fontenelle Dam (Gebhart 1974). A 165-ft zoned enbankment, Fontenelle
Dam al nost failed when a leak of up to 20 cu ft/second devel oped at the down-
stream contact with the right abutnment. Mich of the enbankment was eroded
before drawdown was effective in stabilizing the enbanknent. Fortunately, out-
let capacity allowed lowering the reservoir 3-4 ft per day. The source of
| eakage was not specifically deternined, but an extensive grouting of founda-
tion rock (calcareous sandstone, siltstone, and carbonaceous shale) was suc-
cessful in preventing a recurrence of the problem A 90- by 140-ft cenent
grout blanket was placed upstreamfromthe original grout cap. Gout curtains
were extended beneath the dam beyond the abutments. Over 200,000 cu ft of
grout was used.

e. Hlls Creek Dam (Jenkins and Bankofier 1972). Hlls Creek Dam con-
structed by the Portland District, has a maxi mum hei ght of 338 ft and consists
of a central inpervious core with gravel and rock shells. M nor seepage occur-
red near the left abutment during first filling, but decreased with tine.
Seepage markedly increased in extent and volume after 6 years of normal opera-
tion. Vertical drains placed in the downstreamshell as an initial remedia
neasure were not effective in lowering water levels in the dowstream shell and
seepage continued to increase. An investigation to determ ne the seepage
source continued during the renedial action. Initially it was thought that
| eakage was through the upstream bl anket into the foundation and abutnment, but
further observations indicated flow was through the core or core-foundation
cont act . Gouting, which injected 4,500 sacks of cement, nost in a 1-1/2:1 nix
at zero psi, resulted in elimnation of almpst all seepage. Four 42-in. bucket
auger holes, as well as several smaller borings, were drilled to inspect
grouting of the core and foundation. The main source of seepage was at a point
along the core foundation contact where a haul road had crossed the abutnment.
Twel ve years later, seepage is still negligible. Frequently, the source of
seepage is not obvious. The engineer nust consider all possibilities and
after choosing and installing a renedial neasure, try to understand what post-
remedial nonitoring is indicating. The extent of the engineer's know edge of
the foundation, enbanknent materials, and construction history will greatly
i nfluence the accuracy of his analysis of the seepage problem O'ten available
foundation and construction information will not be adequate and further
geotechnical investigation will be required.

12-5. Upstream | npervious Bl anket.

a. If it is determined that sealing of the reservoir bottom and sides
i medi ately upstream of the enbanknent will be useful in reducing undesirable
seepage quantities and pressures beneath the enbankment, an upstream i npervious
bl anket may be enployed. If successful and econonically feasible, this is one
of the nost efficient neasures since the source of water, the reservoir, is
control l ed upstream of the enbanknent and its foundation. This generally
requires renoval of reservoir water, though some small reservoirs have been
seal ed by placenent of materials through water. Sources of fine-grained nate-
rial and, in some cases, filter naterials are required. The inpervious
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materials are usually placed on the reservoir bottom [If sloped areas such as
the reservoir sides of upstream enbankment slope are to be seal ed, considera-
tion must be given to protection against wave attack and erosion from runoff
Additionally, fine-grained materials placed on the upstream enbanknent sl ope
may be renoved during drawdown because of |ow saturated strength and high
saturated weight. |If seepage can also go through the upstream portion of the
enmbankment and then into the foundation an upstream blanket will be less effec-
tive and another renedy may be necessary, e.g., cutoff beneath dam fig-

ure 12-1. The nature of reservoir bottom materials nust be considered. Any
large voids must be filled with a stable material such as conpacted soil,
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Figure 12-1. Possible problem if existing and renedial seepage
control measures are not properly coordinated (prepared by VES)

N
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stabilized soil, concrete etc. Hgh gradients will likely exist through the

bl anket during high reservoir levels, particularly close to the enbanknment. It
may be necessary to place a filter material before placing the blanket to pre-
vent piping of the blanket material into the foundation. The extent of the

bl anket is determ ned by analysis and will depend on several factors, including
extent of desired decrease in seepage quantities and pressures and bl anket
nmaterial available (quantity and perneability) (EM 1110-2-1913 and Barron

1977). Man-nmde liners have provided a seal for reservoirs wth pervious
foundati ons when fine-grained materials were not economcally available. They
are usually rather expensive, require relatively snooth surface for placenent,
and coverings (normally soil) to protect them from puncture in stressed areas
and deteriorating exposure to sunlight. Joining of sections is one of the nost
critical and difficult aspects of man-made liners. Field seams, especially
under difficult field conditions and with other than highly experienced person-
nel, can be an appreciable source of |eakage. Quality control of seaning
should be strict. One exanmple of the use of an inpervious upstream bl anket was
given in paragraph 12-3c; another is provided bel ow

b. An inpervious upstream bl anket connected to a sloping inpervious core
was placed during the construction of Tarbela Damon the Indus River in
Paki stan (Lowe 1978). The bl anket naterial consisted of sandy silt mxed with
a sandy silt angular boul der gravel. The blanket lay over an alluvium of
cobble gravel choked with fine sand. The blanket, which was to increase the
l ength of seepage path and not necessarily to reduce seepage quantities, net
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the piping criteria, Dy (alluviun) < 5Dg; (blanket), Appendix D. As the
reservoir enptied after first filling, several sinkholes and cracks were noted
in the blanket. Sinkholes ranged from1 to 15 ft in diameter and 4 to 6 ft in
dept h. It was felt that uneven settlement during the first reservoir filling
caused tension and conpression cracks in the blanket which all owed consi derabl e
seepage into the underlying sand-choked gravel. In areas where the sand was

| ess dense, the seepage noved the sand down to forma layer in the |ower part
of the gravel. This created open work gravel just beneath the bl anket, and
fines fromthe blanket noved into and through this open l|ayer form ng the sink-
holes.  Sinkholes were filled with filter material and nounded over wth

bl anket material. Typically, the blanket nounds were approxi mately 15 ft high
and extended 30 to 35 ft beyond the sinkhole edge. After filling of the reser-
voir, sinkholes were |ocated by side-scan sonar and filled with a m xture of
filter material and silt from self-propelled bottom dunp barges. Each sinkhole
generally received 50 barge loads of material. Sinkholes continued to be dis-
covered and covered over another 3-4 years after the initial renedial action.
Siltation on the reservoir blanket and filling of sinkholes have reduced
seepage about one hal f.

12-6. Downstream Berm Berns control seepage by increasing the weight of the
top stratumso that the weight of the bermplus top stratumis sufficient to

resist uplift pressure. If of low perneability, they will reduce seepage, but
increase uplift pressures beneath the downstreamtoe of the dam since they
force seepage to exit further downstream of the dam If pervious, they must

be designed as a filter or with an underlying filter to prevent upward m gra-
tion of line particles fromthe foundation materials beneath them Again, a
seepage anal ysis nust be made to determine the resisting |oad required of the
berm  Downstream slope stability of the embankment will nornally increase
because of the resistance to sliding provided by the berm Huntington District
has enpl oyed berns as renedial neasures at several flood control danms in the
Muski ngum River flood control system (Coffman and Franks 1982). Similarity of
t he enmbanknents and environments allowed a standard renedial action for severa
of the danms at the downstream enbanknent toe. A 3- to 7-ft-thick pervious

bl anket of appropriate length is placed over the soft seepage areas at the
downstream toe. This adds wei ght and provides a working platformfor instal-
lation of relief wells at points of excessive seepage.. Another exanple of a
stability bermis given in the Addicks and Barker Dans exanple,

paragraph 12-7a.

12-7.  Slurry Trench Cutoff. Two nmmjor technical considerations in the use of
slurry trenches as renedi al seepage control measures are (a) the effect on
stability of the enmbankment due to excavation of the trench and the presence
of a vertical plane of relatively weak soil (in the case of a soil-bentonite
backfill) and (b) tying the slurry trench to other existing or proposed seep-
age control neasures. |f a conpetent upstream bl anket exists, the trench may
be placed upstream of the enbanknent and tied to the bl anket or may be pl aced
through the dam and any pervious substratum if stability requirenents are met.

A cenent-bentonite backfill may be placed in panels or a concrete wall may be
placed in separately excavated el enents if an open trench and the relatively
weak soil-bentonite backfill are unacceptable because of stability risks. The

followi ng experiences with slurry trenches provide general exanples of this
cutoff type as a renedial neasure.
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a. Addicks and Barker Dans, Houston, Tex. (U. S. Arny Engineer District,
Gl veston 1977a; U S, Arny Engineer District, Glveston 1977b; U S. Arny
Engineer District, Galveston 1983). Conpleted in the late 1940's, Addicks and
Barker Dans are rolled earth enbankments providing flood control in the Hous-
ton, Texas, area, with respective maxi num heights of 48.5 and 36.5 ft above
streanbed. Nei ther normally inpound water except in periods of rainfall. The
enbanknents contain sone silts and sands, foundations have silt and sand
| ayers, and upstream borrow areas expose the foundation permeable |ayers. At
the time of construction, these conditions were not considered, significant
because of the large discharge capability and short detention time of the
reservoirs. Residential and conmercial devel opnent of the downstream | ocal
area caused several changes in operating conditions which increased detention
time and made the effect of seepage nore critical. These included restriction
of discharge rates and construction of drainage channels on non-Federal |and
within 200-300 ft downstream of the center line of the dams which expose the
pervious portion of the foundation. FErosion of the drainage channel slopes on
the side of the channel nearest the dam and boils in the channel bottom during
times of |ow reservoir inpoundnent indicated the potential for dangerous seep-
age conditions during high reservoir levels. Downstream piezonmeters also
i ndicated a quick response to changes in reservoir levels. This exanmple
descri bes renedial actions at Addicks Dany actions at Barker Dam were simlar.
Several renedial measures were considered:

(1) Downstream drai nage bl anket and stability berm- rejected due to
requirenent for additional right-of-way and Governnent responsibility for
mai nt enance of local interest's drainage ditch.

(2) Downstream drai nage bl anket, stability berm and relief well system
and downstream slurry trench - (relief wells between enbanknent toe and slurry
trench) very positive control (blanket and berm control enbankment seepage
while wells and slurry trench control underseepage), but very costly, |ong-
term well naintenance required, and all seepage forces would be directed at
t he enbankment toe.

(3) Sane plan as (2) except slurry trench replaced with steel sheet pile
cutoff - sane reasoning as (2) except sheet pile would greatly increase cost.

(4) Slurry trench cutoff through enbankment and foundation - a very
positive, controlled cutoff for embankment and foundation; no naintenance; all
work on Government property; less costly and quicker than other alternatives.
For nmost of the remedial work, alternative (4) was chosen, though for selected
| engths of the enbanknent where they were the best alternative, alterna-
tive (1) was used and sone relief wells were placed. Wth a maximum depth of
64 ft and width of 3-5 ft, the slurry trench penetrated 2-4 ft into a rela-
tively inpervious clay underlying the pervious foundation materials. Fig-
ure 12-2 provides a general cross section of the design. The trench was
pl aced 10-20 ft upstream of the enbanknent center line with equi pment working
froma platform established by degrading the upper portion of the enmbanknent.
Cemented materials, present in some portions of the excavation, were broken by
dropping a 10-ton percussion tool on the cemented |ayers. Portions of the
trench collapsed but were successfully reexcavated. Additionally, small (3-in.
diameter) tunnels were encountered in the upstream side of the trench but were
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plugged with cloth. Backfill gradation is shown in table 12-1. For sone por-
tions of the project, percent passing for the No. 200 sieve were 15-30 per-
cent. Backfill mixing and transport to the trench were conducted in severa
ways. Some backfill was batched dry, placed in concrete trucks with slurry
added, then mixed and transported to the trench. The higher fines content
backfill in sone cases proved too sticky to mix in trucks. Mxing was con-

ducted on the ground next to the trench but occasionally excess fines were

pi cked up from the working surface. A concrete mixing pad was used as an
alternative though wear from the m xing equi pment destroyed the concrete

Excess or unsatisfactory naterial was deposited in old borrow areas upstream of
the enmbankment to reduce underseepage. |In one area, a slurry trench |ocated at
the upstream toe of the enbankment provided underseepage control while a down-
stream berm provi ded enbankment stabilization. The berm of sandy clay had
perneability characteristics simlar to the enbanknent and provided a 1V on 8H
slope. Several of the discharge conduits which suffered from seepage and pip-
ing were resealed, after cleaning, with ethafoam backer rods and a pol yurethane
sealant. \here the seal ant would not adhere to the concrete, joints were

tal ked with oakum soaked with a grouting conpound. \Well screens were placed in
weep holes to prevent loss of soil, and relief wells with subnersible punps
were installed. For certain portions of Barker Dam use of an upstream clay

bl anket and a downstream stability berm (1V on 8H) was nore cost effective than
a slurry trench. There was intermttent surface exposure of pervious founda-
tion materials and a source of CH materials for the blanket was available
within the reservoir. Prior to placenent of the blanket, ponded water and soft
surface materials were removed. The blanket was placed in 8-in. layers and
conpacted with tamping rollers at natural nmoisture content.

Table 12-1. Backfill Mx for Slurry Trench, Addicks Dam(w

Sieve Size or Nunber Percent Passing
(U. S. Standard) by Wi ght
3in. 100
1-1/2 in. 95 to 100
34 in. 80 to 100
No. 4 55 to 100
No. 10 40 to 80
No. 40 18 to 45
No. 200 10 to 25

(@) Fromus. Arny Engineer District, Galveston.85

Though not yet severely tested, the control measures have performed satisfac-
torily based on the follow ng observations:

12-9



EM 1110-2-1901
30 Sep 86

(a) Foundation downstream pi ezoneters do not respond to reservoir |evels
experienced so far.

(b) Phreatic surface has been raised upstreamof the slurry trench
(c) No enmbanknent seepage, but there have been no significant pools.

(d) Settlenent plates indicate no significant settlement of the slurry
trench. Though the restored enbankment has cracked in the area of the
trenches, inadequate conpaction of the enbanknment fill is considered the
cause.

b. Wlf Creek Dam Ky. (Fetzer 1979). Constructed in the 1940's, Wolf
Creek Damis a 200-ft-high conbination earthfill and concrete dam founded on
| i nestone containing shale and solution cavities. During excavation of a
10-ft-wide cutoff trench, several interconnected solution cavities were dis-
covered in the linestone. These were backfilled for a short distance with
impervious material, and a 50-ft-deep single-line grout curtain was placed
beneath the bottom of the cutoff trench. In 1967, nuddy flow was observed in
the tailrace, a small sinkhole devel oped near the downstreamtoe, and wet areas
existed near the downstream toe. In 1968, a larger sinkhole developed (13 ft
wide, 10 ft deep) and drilling reveal ed solution features running perpendicul ar
and parallel to the damaxis. It was concluded that reservoir water was
passing beneath the cutoff trench. Gout |ines were placed al ong the dam axis
near the enbanknent-concrete contact and downstream of this area. During
1971-1972, an overall assessment of the seepage problem was nade since the
renedi al grouting had only addressed about 200 ft of the 4,000-ft enbanknent
portion of the dam A diaphragm concrete cutoff wall was considered the best
sol ution because it could be installed without draining the reservoir, a very
costly operation due to reservoir use. Explorations, which included borings
spaced on 3.1-ft centers along the axis of the wall (parallel to the dam axis),
defined the depth and length of the wall. Depth was 10 ft bel ow the | owest
indication of solution activity (maximm depth 278 ft) and length was 2,239 ft.
In 1974, a request for technical proposals resulted in seven proposals with two
accept abl e. In the second stage, a bid invitation was issued and an award was
made for a wall in the area of the switchyard and 989 ft of the wall along the
damaxis. The award in 1975 was followed by a second conpetition and an award
in 1977 for the remaining 1,250 ft of the axis wall. The wall consists of
alternate cylindrical primary elements and connecting secondary el ements
installed using bentonite slurry, figure 9-14. Prinmary elements are
2.17-ft-diamsteel casings filled with trem ed concrete (see table 9-8 for mx
proportions). Wak cenment grout fills the volune between excavation walls and
the casing. A 25-ft-deep core hole was drilled beyond the bottom of each pri-
mary elenment to explore for cavities and was pressure-tested and grouted prior
to the placenent of a closed-end primary casing. The primary element was
required to set for a mninumof 20 days before excavation of the secondary
el ement which is also filled with tremed concrete. Frequent piezoneter
readi ngs (as often as every 4 hours) were made during construction to deternmnne
the hydraulic condition of the embankment and foundation and warn of any
potentially critical seepage conditions. Excavation and drilling were closely
nmonitored to observe any drill rod drops or nmud |osses. Sealers and reserve
nud, constantly on hand, provided for energencies. Gout takes around
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the primary casings and volume of concrete used in the secondary elenents were
closely monitored as was the enbanknment in general. Efficient nmanagement of a
| arge number of observations was necessary to determne the current condition
of the dam The lack of nmmjor |osses of slurry, grout, or concrete during
construction was probably due to the densely spaced borings and grouting done
during the earlier exploration program \Wall construction, conpleted in 1979,
took approximately 4 years and two construction contracts. Subsequent

pi ezometric levels indicate the wall is a successful seepage barrier.

c. Camanche Dike 2, California (Anton and Dayton 1972). One of severa
earthfill dikes containing Cananche Reservoir, Dike 2, is a zoned earth enbank-
ment about 70 ft high founded on alluvium containing an upper 20-ft strata of
clayey sand underlain by layered silty-to-fine uniform sand stratum  The
underlying sand stratum varies in perneability with its |ower portion contain-
ing gravel. Oiginal construction involved extending the core horizontally to
the upstream toe and discing and conpacting the top of the alluviumto 1,000 ft
upstream of the dike axis. This was expected to provide acceptabl e underseep-
age conditions, while providing the option of tying an upstream cutoff through
the alluviumto the core if operating underseepage conditions were intolerable.

After reservoir filling, underseepage proved extensive and fl owed over down-
stream property. Lowering of the reservoir reduced the seepage and reveal ed
holes in the conpacted alluvium upstream of the enbanknent. Several seepage

control methods, including upstream inpervious blanket, grout curtain, relief
wel |'s, downstream drains, sheet piles, and others, were considered. Eval uation
of the options resulted in choosing an upstream slurry trench. This nethod
provided a positive cutoff, mnimzed piping potential, allowed retention of a
partial reservoir, and was the |east expensive of positive cutoff methods

Pl aced 50 ft upstream of the upstreambermtoe, the 1,660-ft-long slurry
trench, 8 ft wide, extended through the alluvial nmaterials to a maxi mum depth
of 95 ft. Backfill specifications required a 4-in. slunmp and a gradation as
shown in Table 12-2. An 8- to 11-ft-deep sandy clay blanket protected by a
1-ft-thick cobble and gravel cover connected the slurry trench to the horizon-
tal core extension. Excess slurry was blended into the top portion of the

bl anket to decrease blanket perneability. Since slurry trench placenent,
downst ream pi ezoneters refl ect decreased influence of reservoir levels with
only very small seepage flows at high, prolonged reservoir levels. Two poten-
tial sources of seepage are the somewhat pervious bedrock formation which the
slurry trench is keyed into and the sandy clay blanket connection between the
slurry trench and extended core. Connection of the 8- to 11-ft-deep blanket to
the slurry trench after placenent of the slurry was difficult and may allow
reservoir |eakage into the alluvium Placement of the blanket or a partial
thickness prior to slurry trench construction was recommended. This would
provide a platform for construction of the slurry trench and allow a nore
secure attachment of the trench to the blanket. This procedure has been
standard practice on many subsequent slurry trench projects.

12-8. Relief Wlls. Though Chapter 9 describes design and installation of
relief wells, additional factors nust be considered when relief wells are used
for remedial seepage control. Relief wells can relieve excessive uplift and
potential piping when pervious layers are overlain by relatively inpervious
strata by providing controlled release of relatively large volumes of water.
Relief wells, as conpared with cutoffs, allow loss of reservoir water and
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Tabl e 12-2. Backfill Mx for Slurry Trench, Camanche Dike 2(@

Sieve Size or Nunber Percent Passing

(U S. Standard) by Wi ght
6 in. 100
3in. 80 to 100
3/4 in. 60 to 100
No. 4 40 to 80
No. 30 20 to 60
No. 200 10 to 30

(a) Courtesy of Anerican Society of Gvil Engineers. 135

require proper handling of discharge flows and periodic maintenance. Flooding
and erosion from well discharges nust be prevented. Wlls nay be installed
quickly with a mninum of downstreamright-of-way and, in many cases, W thout
reducing reservoir levels. If high uplift is present, boring and installation
may be difficult requiring extra neasures to keep the hol e open and stable
until the screen and filter are installed

12-9. Drainage of Downstream Slope. Seepage energing on or at the toe of the
downstream slope will normally be controlled by one of the nmethods previously
mentioned, Expedient installation of filter materials and a toe drain can
hel p prevent piping of embankment and foundation nmaterials and may increase
embankment stability, but will not normally reduce seepage quantities. |f
seepage is confined to a small area or areas, horizontally drilled drains my
hel p control the problem (Royster 1977). Horizontal drains of slotted pipe
normal Iy do not have a filter envel ope and woul d generally be used for

"nui sance” seepage or as an expedient neasure until a nore permanent sol ution
could be installed.
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