
V L3-39(B) (e)'

fb | bh S~ (3 hej \' ^

( C y

y#n)4
-

PHILLIPS URANIUM CORPORATION

Box 26236 4665 JNDIAN School ROAD N E. TELEPHONE: 605 2664891
ALBUoVEROUE, NEW MEXICO 8M01

March 19, 1980

Mr. J. L. Whiteman, Chief
Design and Construction Section 2

-

State of New Mexico Natural Resources Department ' USS 2 41980
'

i

Water Resources Division

NA0lAll0N PROJECil0N FECT10NBataan Memorial Building
Santa Fe, New Mexico 87503

Dear Mr. Whiteman:

This will confirm receipt of your letter dated March 18, 1980 and our meeting
of the same date in our offices.

Pursuant to a telephone request made by Mr. Don Lopez of your staff, a meeting
was held to discuss additional needs of the State Engineer's Office in support
of Phillips Uranium Corporation's proposed Nose Rock evaporation pond dam
design.

As discussed and summarized, the State Engineer's Office is requesting that
Phillips provide additional defensive measures to protect against the possi-
bility of embankment cracking, to ensure filter criteria, and to control seep-
age. In addition, other items discussed were the possibility of placing a
protective blanket of material between the dam construction material and the
slope protection material riprap, graveling the crest surface of each stage
of the dam,'providing a map which showed the general borrow areas of the material
to be used for construction, and an evaluation of selected shear strength ]parameters based on any redesign which may be required as a result of this
discussion. ,

More specifically, with regard to the defensive design mechanisms requested,
IMr. Lopez indicated that there was a need to incorporate a filter mechanism

in the first stage of the dam. With regard to the foundation materials, Mr.
Lopez indicated that these materials are sensitive to increases in moisture ,

content, and a defensive mechanism should be incorporated to preclude the |
possibility of embankment cracking. With regard to the procedure used in j

compaction, it was requested that we consider the possibility of changing the !
Ispecification from the use of a modified proctor to the use of standard com-

paction in order to accommodate a more flexible structure.
)

,

f'
There was a lengthy discussion with regard to the filter criteria, and Mr. I

I

Lopez requested that we provide him with the gradation curves of the material
;

we propose to use. There appeared to be some confusion as to the excavation
depth of the cutoff trench. It should be made clear that, in the first stage,

when excavating and constructing the cutoff trench, the trench will be exca-
Ivated down to the suitable foundation rock.
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Discussion having been completed, it was agreed that Mr. Jim Tinto and Mr.*

Bob Booth would evaluate the existing data and determine'if any additional
field work would be required in preparation of a response to your request. '

'

It is anticipated that the additional work which you have requested can be
completed prior to July 1, 1980. As I indicated during the meeting, I would
prefer.to meet.with you once again after we have prepared our response to
your regt.est and discuss the particulars. in order to expedite your review.

Attached herewith, for your information, is a list of the attendees at the
meeting. I trust that the contents of this letter accurately reflect your
request. If you have any comments or corrections, please advise me at your
earliest convenience.

Sincerely yours,

-

\4 N '

C]..'JRV:imm-(RC) Juan R. Velasquez -

Attachment
cc: Mr. Don Lopez, State Engineer's Office,

Mr. William Fleming,;NMEID
Mr. Robert Booth
-Mr. James Tinto
Mr. Richard Peacock. .

Mr. Merle Miller
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LIST OF ATTENDEES

March 18, 1980

D. T. Lopez, State Engineer's Office

J. L. Whiteman, State Engineer's Office

Richard Peacock, Phillips Uranium Corporation--Nose Rock

J. H. Tinto, Davy McKee
'

Merle Miller, Engineering and Services, Phillips Uranium Corporation

- R. D. Booth, Sergent, Hauskins & Beckwith

Juan R. Velasquez, Phillips Uranium Corporation

J. L. Whiteman, State Engineer's Office

W. M. Fleming, New Mexico Environmental Improvement Division
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| LINGS SAND - SLIMES
O SEPARATION WATER BALANCE

= MILL NOSE ROCK MILL

A
U.

NET
EVAPORATION B SLIMES y

; --

GF

/A\ ' D
II II -

X"-G 7 DISPOSAL $!.id.!.$1.',.T.EC)G.iv..
-"'

AREA ' 74;g-
-

If
SLIMES DISPOSAL POND PUMP

hD-E
r

NOTE:

.1. NET RESERVOIR EVAPORATION INCLUDES 10 INCH 1. A=B+D
AVERAGE ANNUAL PRFelPITATION.

2. EVAPORATION PER YEAR IS BASED CN THE AVERAGE 2. G = [(8 - C) + (D - E)] - F
ESTIMATED POND SURFACE AREA DURING THE YEAR.

3. WATER FROM SAND DISPOSAL AREA IS BASED ON SANDS
DR AINING FROM 75% SOLIDS TO 85% SOLIDS.

4. ALL VOLUMES ARE SHOWN IN ACRE-FEET.'
5. WATER VOLUMES ARE BASED ON PROJECTED MILLING

CAPACITIES AND ULTIMATE TAILINGS DISPOSAL
CAPACITIES OVER 20 YEARS OF OPERATION.

fL eda 26dn woo %/% nQ:
.

Dry Ton Total Slime Water Liberated Sand Water Water Not Year End Avg.
Solids - TeilinCs Water Retained Slime Water Retained Drained . Evaporation Water Vol. Pondy ,,,
Per Year Water Acro-ft in Slimes . Water Acre-ft in Sand from Sands Acro-ft Acro-ft Elev.

Acre-ft Acre-ft Acro-ft Acre.ft

O A B C B-C D E D-E F G

1 377,500 434.9 365.4 46.3 319.1 69.5 36.8 32.7 200.9 1502 6402.0
2 627,500 722.9 605.9 76.1 529.8 117.0 61.2 55.8 476.4 260.1 6407.0
3 791,000 923.0 775.5 98.4 677.1 147.5 78.0 69.6 619.8 386.9 6409.0
4 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 772 700.2 524.2 6411.0

:5 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 738.9 622.8 6415.0
6 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 767.6 692.7 6416.0
7 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 792.0 738.2 6417.0

''

8 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 837.9 737.8 6418.0
9 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77 S 869.5 705.8 6419.0

'

10 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 881.0 662.3 6420.0
.

; 11 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 901.1 598.7 6421.5

| 12 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 918.3 517.9 6422.5

l 13 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 921.1 434.3 6422.5
| 14 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 924.0 347.8 6423.0 j

15 887,500 1.035.6 870.0 110.4 759.6 165.5 87.6 77.9 924.0 261.3 6423.0
16 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 924.0 174.8 6424.0
17 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 938.4 73.9 6424.0
18 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 941.2 DRYlNG 6424.5
19 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77 s 970.6 DRYING 6425.0
20 887,500 1,035.6 870.0 110.4 759.6 165.5 87.6 77.9 970.6 DRYING 6425.0g

'
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SEEPAGE CONTROL IN EARTH DAMS

sand and silt in he in direct contact with tir per.
ahme may he only partially elTective, as will be illus.

!

,

forated pipe,
L trated by several exampics. Furthermore, the need !
'

. for a conservative approach in designing dams
r. commendations for Preventing Piping in '"akes such a "second line of defense" hiddy desir.;

- Embankments and around t2.d.% able.

Let as summarize and reco ;,nasize the precautions
that are needed in the design ami construction of Thin Upstream Sloping Cores

fdters and drains in earth dams and levees: Figure lla is a cross section through an earth dani I

L Do not allow materials larger than 1 to 2in. i" with an upstream sloping core of '9w permeability.,

'

size in the coarser layer of a iwo layer drain. The foundation is anumed to be 1:opervious. Under
2. Do not permit estremely wide ranges of particle neady wepage, die small amount of water that wees

sizes in a liher layer, llroadly graded mixture" through dm core flows verdeaHy downward in a

with maximum sizes o{ seseralinches or morepartially saturated zone and then more or less Imr.
tend to segregate durmg placement, creatmg izontally in a ddn saturated layer along the imper-
conditions conducive to internal piping. sinus foundadon. If du permeability k of the core isi

j 3. Hequire filter materials to be placed with very low in relation to the permeability k. of the
spreader hoses or other equipment that doc" down4 ream zone, u wumed in diis choph .

; ' not induce segregation. sube.mtiauy aH of dw head hin occurs in the up.
;

4. licquire hlter materials to be weU saturated at arcam half of the dam, and the downstream half.ls
the time of placement and compaction. ht reladvely unaffected by dm seepage. The condition

dry aggregates tend to segregate badly,during shown in Fig.11, is dm one that is dien anumed to
bamiling and placing, exid in Ods kind ddan Imt if du perna abilido 4

' 5. Do not permit fibers to herome contaminated dm core and dw downnream zone approach each
with lines that might he dropped from tires d o'her, the elevation d dm line d seepage in dm
con *tsuction equipment, washed down slope" downgream zone rires Figure lih dmu du flow
by rainstorm *, or trasported by other acciden- m t fd l, = 80ko and Fig.11e shown the lines of -
t al means. i.eepage in the' doi +ndream zone for several ration of

k,Ro it is seen that esen fe.r kg/k = 200, the line of '6. Whenever pouible, avoid the use of filter i

layers that contain only sand sizes, Ance such wepage ;$ higher than desirable in the downstream

materials have litde resistance to washinF zene 4 the dam. For dus type 4 dam the down.
through accidental coarse pockets, holes i" Mream shell must he seseral hundred timea| more
pipes, open joints in rock formations, openwork

permes.h thn 4, core
|" gravel > cams, and other latge openings.

7. Hequire careful, thorough inspection of the PartialCutoffs
work .

If au carth dam were constructed on a pervious or
|; semipervious earth or rock (sundation without any
i cutotT, the line of seepage might rise to a high level
t 3. REDtJCTION OF SEEPAGE in the downstream half of the dam, thus decreasing-|

the stability of the downstream slope, llence .f thei
e

dam in Fig.11 were construe.ted on a foundation withBasic Corr. derat. ionsi

Seepage. reducing methods make use of relatisely
a cwHiciem d prmesilin equal m dm 4 de

impermeable cutoffs, grout curtains, and upstream downercam " pervious" 2one Omt the core has very '

blankets, which consume energy at locations within low permeability), the line of seepage might riv to a! -

. cross sections where large water pressures and seep.
high level, and large exit gradients could exist at the

'

. age forces can have no detrimental clTects. The net toe (Fig.12nk The height of the line of scepage and

' result of thew methods is that water pressures and
the exit gradients can he lowered by a number of
methods, such an (1) making the downstream shellI seepage forces are reduced in the critical exit re. at least 100 times more permeable than the founda.

gions. These scepage reducing features are usually tion; (2) inaalling a relatively impervious cuidf into
used in combination with properly designed fibers the foundations (3) grouting the foundation beneath
and drainage features, Mnce seepage reduction

the core: (4) Nstalling an impenious blanket up.

s
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REDUCTION OF SEEPAGE 31
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fig.11. Effect of relative permeability of upstream sloping core and downstream zone on position of fine of seepage in down- 1

strerm zone. (a) Ideal condition. (b) Typical flow net (k, = 80k,). (c) Line of seepage for various ratios of k,/A,. (,

stream from the core; or (5) installing drainage wella pervious sand and gravel to a depth e,f about 50 ft. )
O

or other drainage facilities. hlethods (2),(3). and (4) Utnier the penions sand and gravelis a 50. to 60 ft. Jare scepage. reducing methods and will be discussed thick silty formation, which is underlain by gravelly i' '

in the following paragraphs. materials. j fli may he seen in Fig.12b that if an impenious Preexisting piezometric levels werr obsened at ( (
cutoff is inwalled to 60%f the depth of the penious two or more depths at a number oflocadons. These | .

foundation, the flow net is modified und water rises obsenations indicated the existence of downward
'

(
.

to a slightly lower lesel than in Fig.12a, but exit gra. hydraulic gradients, since *maller head was men. [ (fdients tas reflected by the distance between equi. sured in the hottom gras els than in the upper gravel * (potential lines) are reduced only slightly. Theoretical at a given location. Seepage evidently was escaping
d

"

positions of the line of seepage for several depths of relatisely freely from the lower gravels on the river RcutofT are given in Fig.12c. It may he seen that the bank at the right. Springs that emerged from the sihy %cutoff must he enentially " perfect"ifit is to have a formation relatively high above the river esidently |major influence on the height of the line of seepage. were being fed by infiltration of rainwater in the ySince this is virtually impossible to achieve. other general area shown. Without such a supplemental
9

'

|

scepage control methods generally must he used in source of water, the line of seepage could not have
conjunction with cutoffs. emerged at such high levels unless the soil profde hFigure 13 gives two flow nets (drawn on trans. were substantially different from the cross section fformed scetions. for b = 251,.) that are part of the s how n.

;study of seepage beneath a dam built in a natural The flow net in Fig.13n was constructed so that
[saddle sepasating a reservoir on the left from a lower the equipotential lines were consi* tent with the oh. p

salley on the right. llencath the upper emer of sened picymneter readings. From this flow net it

|h@[
j

relatively impervious soil is a stratum of highly was estimated that the sihy formation was about

q
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Basic Design Features*

.*

fine, erodible soil materials into the open-graded layer. If a trench- .
1
'

drain is cut into erodible soils, plastic filter cloth can be placed on the-

*

sides and bottom of the trench to keep wil out of the backlill raaterial
. .

-

as shown in Fig. 6.8.

Figure 6.9 shows gradations and perma abilities of several open. on-
graded aggregate drainage materials and several blended aggregates in : ate b _,i the class of filter materials. They are all high quality, washed, IIVII ;

I processed aggregates containing moderate percentages of crushed parti- !0
g |

c!cs. All of the open-graded materials were stabilized by hot-rnixing g . ?--S
with a small amount of a paving grade asphalt. Three are similar t"

de-
those for which tests are summarized in Table 6.1. The filter inaterials -

igohave been compacted to only moderate tiensities. iir-
.

The permeability values in Fig. 6.9 illustrate general levels of per-
meability that are possible for the range of material gradations de-
pieted. While open graded materials of the kind represented are tinly

i slightly affected by increased compactive ef fort, blends of sand and j
gravel sizes are greatly influenced by compactive effort and water

'

-

'

'
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224 Foundation Engineendandbook. .

.

can develop in designing and constructing idters and
ply by drdling small-diameter drain wells which feed thedrains for groundwater and seepm control. permeable ma-

serials are often placed over seepage exit surfaces to allow water to exits or to galleries. Ilowever,if the water bearing
seepage to discharge ficely wlrde preventing the closmn of materials are solt, erod ble formations of sod or rock, the

soft, cohesionless formations, which could lead to piping porous aggregate drainage materials must hold the erodible

failures. If the basic criteria and concepts presented in materiats lumly in place, whde freely allowing the water to
escape. Ihis is in 1.ceping with the basic purpose of anysection 6.2 are always fulfdled in filters and drains, strue.
filter; to allow the passage of a fluid or gas whde wparatingtures can operate permanently in safety without danger of
out solid matter, To ensure complete friter protection toscepage failures. But, when these criteria are ignored or im-
crodtble materials, porous aggregate drain layers in contactproperly used, seriot s damage or fadute can occur. Also,if
with the sod must not have any continuous openings largethe designers do not make adequate studies of probable

scepage conditions, they may not know what Lind of drain. enough for the passage of the soit particles. Thus, filters

age system is really needed, where it should he located,its general /r mun be relatively fine-gramed. In addition, every
required size, or its detailed requirements, drainare system must be capable of freely discharging all of

Ao exMmde of not Ining physical factors and laws into the groundwater and seepage that reaches it, under rela-

ecount is the placement of maeadam bases for roads on tively small hydraulic gradients and small excess hydraube

sitt, sand, and other fine-grained subgrades, and the clogging
head. 't herefore, whenever appreciable quantities of water
nmst he remmed, drainage systems nmst contain porous ag-that almost always takes place. Another example is the
gregales of relatively high permeabihties. ~lhus, filters gen-"l rench drain", placed in soft, erodible soils without filter erally must be relatierly coarse-gramed. Ilere are the twoprotection. Many field engineers believe that coarse one.
basic, but conflicting requirements of porous aggregate fil-sired stone or gravel makes excellent drainage materi.d, al. ters and drains: they must be fine enough to hold erodiblethough in reality such materials provide no fdier protection
mate ials in place, but they rnust also be coarse enough toto fine-grained soils, A small earth dam in central Califor. discharge all of the water that reacherthem,

nia failed because the field maintenance men placed 3-inth.
flow can a single type of filter aggregate in a single-layerdiameter " drain rock" over sand boils that developed a.L the

. downstream toe. Fine foundation soil washed out through dram ever do both of these jobs properly? If the quantines

the coarw rock, unnoticed, until one night 'the dam faded of water being discharged are relatively minute, a single-

quite suddenly when an underground cavity tenebed the layer -drain of carefully specified, washed filter aggregate

reservoir side of the dam's foundation. might be adequate; but if any appreciable quantity of water
has to be remtned, graded filter drains (using separate fine-A common deficiency of draim for structures is inade.
grained layers for filters, and coarse-grained layers to con-quate water removal caused by the use of" pervious" drain-
duct the water) are nearly always required (l..overing,1960;age materials that are in reahty relatively impervious.

Countless structures and pavements have been damaged or Cedergren,1%2,196'l;Cedergren and Lovering,1968; Win-
terkorn,1967).

destroyed bec.ause water pressures built up m diainage lay-
ers that were only slightly more permeable than the soits
they were supposed to drain. 2. Piping Prevention

Roadbeds and airfields 1hroughout the wodd are <leterio-
rating prematurely because the "pelviom" Imes that are Some of We road and dam buhn of hmes past wem to
supposed to be protecting them from groundwater and have understood the need for drains to provide idter pro-
seepage and infiltered water do not have sufficient perme, lection of fine-grained soils, but this need was not unner-
ability to remove the water, and the pavements are imeed saHy understood. 1 or example, some of the early road
to carry traffic while in a completely flooJed state. luulders w ho understood soil behavior placed a thin layer of

dry stone screenings on soil subgrades before placing open-
graded " macadam" bases tilewes and Ogelsby, 195-1).

G.2 DESIGN OF FILTERS AND DRAINS Othen no
grained sod { so wac placed coane stone directly on fine-subgrades with the result that within a short

1. Basic Considerations Ume Me stone warked down into the wet sod, became |;

As noted in section 6.1, the design and construction of all clogged, poorly dram, ed, and low in strength. For many'

decades after about 1800, roadbuildert, made use of theimportant civd engineering wuks involvmg the control of " French drain", which was a trench at the edge of the road
groundwater and seepage by drainage requires careful geo- backfdled with large-siicd gravel or boulders. When these
logical and soils surveys, field and laboratory tests, and in- drains were used in stiff clays and other nonerodible forma-
terpretation and analysis of overall conditions, to determine t ons, they often served as relatively good conveyors of
what kinds of drainage systems are needed and where they water for long periods of tune. Unfortunately, however,
can best be located, and to establish criteria on which to de. the French drains were often constructed in wet, crodible
velop realistic designs. Although natur:d earth fonnations sands and sdts without filter protection, with the result that
can in some cases enhance drainage, or minimize drainage they frequently became clogged with the fine soil, andproblems, the arrangements of natural f ormations com also the adjacent roads deteriorated from lack of subsurface
aggravate the problems of obtaining good drainage. drainage.

in most cases, the drainage of engmcering works is ac. Before the development of modern filter criteria, some
complished by artificial devices, such as blanket drains over dam builders constructed drains with successively coarser
seepage exits, intermittent line drains or trench drains, ver- layers of stone or gravel, placing the finer materials in con-
tical relief wells, horiiontal drains with small diameter per- tact with the soil, and progressitrly coarser materials to-
forated or slotted pipes, tunnels, galleries, ele, Mmt drain- ward the centers of the drains. Creager et ah (|945)
age systems make use of porous filter aggregales to colleet describe the Tabeaud Dam in Cahfornia, which was con-
the water and conduct it to outlets, otten with the aid of structed in 1902 with a rouk drain having two progressively
peifo5ated or slotted pipes. if the formations being drained coarser fdles tones between the foundation soil and the

3 are,firtri, nonerodible rocks, drainage may be obtained sim- rock drain.

, -; r ~ mK . *"""* %"r ~ r""" * ' ' " ' '~' ~ ~ '~~~~
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. Until the past few decades, carthwork design was con,
sidered more of an art than a science, with the result that portant wmks by performing filter tests in the laboratory
inany efforts failed because fundamental factors were not with materials representative of those to be used in the

construction.
understood or taken into consideration. With the develop- lloth the Corps and the llureau also require that thement of the rational and expenmental approach of soil
mechanies, earthwork design has become more of a science grain-site curves of filters and protected soils be somewhat

than an art. Bertram (1940), with the advice of Terraphi parallel to eat h other. 'I his is the objective of liq. 6.2. '

and Casagrande, conducted laboratory fdter experunents at If perforated or slotted pipes are used in drain wells,
drainage Ilankets, line drains, etc., no unplugged endsthe Graduate School of Engineering,liarvard University, to
should be allowed, and the filter materials surrounding thefdter criteria that had been suggested by Terraghi.test

Drettam's work led to the following widely used criteria for pipes must have gradations that are compatible with the
designing filters: sues of the holes <>r slots.1he following range in criteria is

commonly allowed by large designers of filters and drains

1)n lof fdler) < 4 to S < /> s (of filter)
'#" ""*

(61)1% (of soil) Da s (of soil) 16 die of filter material
't he left half of liq. 6.1, a fundamental criterion for the * * * ' "

prevention of piping through filters, may be stated as
foHow s: When the fdler criteria described above are satisfied in

ercry part of a fillcr or drain, piping cannot occur under
Piping criterion: 'I.he 15 percent size (Ilo ) of. a fiher even extremely large hydraulic gradients. As pointed out in

matenal must be not mme than four or five times the 85 section 6.13, adequate specifications and careful construc-
percent sue (Das) of a protected sod. The ratio of D s of tion are required if works as they are constructed are to be

i

afdierto Des of a sod. as called the piping ratio. completely safe from piping uoubles.
The right half of hq. 6.1 may be stated as follows: When wellpoints and deep pumped wells are used for the
permeabihty criterion: The 15 percent si/e (1)n) of a dewatering of saturated soils, experience has shown that

fdier must be at least 4 or 5 times the 15 percent size (llis) somewhat less stringent critesia sometimes may be used in

of a proleeted soil;ll be several times more permeable thanthe slotted or perforated well pipes or wcHpoint screens or
This requirement will pencraHy ensure selectin filler materials to install in " sand casings" around

that fiber layers wi
adpunt soils, but does not always guarantee adequate hy- d tied pipes Umler some conditions, experienced installers
draube conductivity in drains, as will be outimed m section have been able to use slots at least as wide as thelargest soil

pnHeles with relatively little loss of soil through the open.L-
ings. Slow development of the dewatering wells and well-Many researchers smee Dertram have made expenmental

and theoretical studies of fiher behavior and critena (Cedes- 1.o nb by .yerienwd penons is unportant to the sueecss
Fren.1967h) ' 1 he U. S. Army Corps of I ngineers (194 I) of these installations Since the plugging of individual wells
and the U. S. Bureau of Restamation (Karpoff,1955) have or unpoinb for dewatering is nollikely to have the serious
dnne mnuderable work with filter criteria and filter ma- mnquences of fadures of permanent relief weUs and
teri.ils. Many theoretical studies have been made of the be' duins for hydmulic structures, smaller factors of safety
harmr of soils m relation to filters and fine fi!ier materials often can be tolerated. Wide departures from the recog-
m relation to coarse matenals. If a filter layer satisfies the niecd fihn etheria are not recommended, however, even

,

lef t balf of Fq. 6.1 m crer,r /> art, it is sistually impossible for On' tempomey uuget
for piping to occur, evan undu extremely large hydraulic
gradienb. Some design organizations place additional re. 3. Discharge Requirements of Drains
sinetions on (dier materials For example, the U. S Bureau
of iteclamation limits the snaximum size of fiber aggregates Gennal M.es Innehoning pumanendy wd, mut bnom-
to 3 inches in order to minimite segregation and bridging ing clogred by nifthwhon or aHming ruping of the adja-
of large particles during placement. eent soil, drains must also be capable of removing, with

'lhe U. S. Army Fngineers (1955) normaHy Inmts the sinaH kad and sman hydmuhe gradenn, au M the watn
pipmg ratio to 5, and also uses the foHowmg enterion: that reaches dicin. Ahhough dm knowledge of designing

50 percent sire of fiber material drains for diwharge requirements has been available for de-
4y cades (Darcy 1850, Creager, et al.,1945a), only recendy50 percent size of protected soil e " have serious ciforts been made to apply this knowledge to

H a protected soil is a plastic c:ay, the U. S. Army 1 n- the design of diainage systems for roads, earth dams, reser-

gmeets t 1955a) allows much higher piping raisos than re- voirs, etc. II.overing,1960; Cedergren. 1962,1967; i.over-
ing and Cedeigten,1968) Engineers have long had an in-quired by I q. 61 as indwated by the fcHowing:
tuitive appreciahon of the inherent capabilities of coarse

"The above criteria win be used when protet ting all snits eu stone as mndutors of water (see section 6.2.2). Field
.

tept foi r.iedmm to highly plastic stays without sand or sitt part. engine and consuuetion and snaintenance people are stiH }
ing uhwh by the above criteria may require multiple-stare til. to be found who beheve that " drain rock," composed en-

i

For these clay soih, the D,, site of the filter may be as tirely of 2-inch-shameter or larpr particles, is a " universal"
acts.

peat an 0.4 mm and the above D,, criteria will be dwegarded.
drainage material, suitable lor every drainage problem. But,This relasation in ernena for [,rotecting medium to highly pld*

ne (tays will allow the use of a one stage 6f ter materiahhowever, as noted in section 6.1.3, when suth coarse materiah have
the .nhet must t c well raded, and to imuse nomegregation of been used for draining fine sands, si'ts, and other crodiblet

rhe nttes materia!, a coefficient of vniformity tv,,. to D,.) of mds uWmut @r prmahm, serious infiltration and pip-
not peater than 20 win be required." my noubles have dneloped Bad experiences with coarse, I

ecW mek ud cobbles m " French drains" and )11 etushed stone is used, the U. S. Army 1 ngmeets tec- "maeadam" bases, together with the development of theommenJs hmiting the pipmg ratio C>n ot(dtertolbs of uunnal and experimental filter critelia desenbed in section
soin to less1han 5. The safe ratiois usually checked for im. n.2.2, led to a swmg of the pendulum to the other extreme

,

i
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of using nothing for highway drainage except sandy gravel
solutions can ako be obtained with Darcy's law as outhnedblends of fine filter argrtgates. The blends that have been below.

so popular in recent years usually contain so many (mes
A common form for Darcy's law for flow in poroust hat they are incapable of draining roadheds, even for media tsminor scepage conditions.

Ironically, many road builders have been withng to y = A8A (h41specily fme-grained blends of sand and gravel for toadbed
drainage (one of the most difficult kinds of drainage),

in Fy. h4, q is the seepage quantity ut unit time flowingwhereas agnculturabsts prefer not to use beach sand for lhe
through a pprous material havmg a coefficient of permeabil-hedding of plants, because it is "too impervious to diam."
ity A, under a hydraulic gradient i in the direction of dow,Yet, most beach sands are considerably more permeable through a cross sectional area A normal to the direction ofthan: the sand and gravel blends that have been used for flow.

roadbed drainaget With Darcy's law it is possible to estimate quantities

Itutterfield (1964) desetibes the mater.al used Ioi the
of seepage that can flow from the soil and other formations
that contribute inflow to a drain, and also to analyze scep-

core of the floward A. Ilanson Dam in Washmpton as being age within a drain. Reasonable esti' nates ofin//me quanti-
a blend of sand and gravel with a minimum requirement of ties f rom the various soures can l'e made provided reason.
3% of material passing the No. 200 sieve. This dam is rela.
tively watertight, eben ' hough the most imperrious part was

able values can be assigned to the following:

made of the same basie dass of material that highway engi- g we yn.,,, g 4.y,g,e permeabihties of the for-
neers have been trying to use to drain roadt eds! Many ex. malions feedmg Mer to a duin Ne sedion W M a
amples could be cited of not only toads, but c uth dams, dextiption of well pumping tests for determming field
levees, reservoirs,'and other structures which have had seri- Penneabilitial

(b) The average hyd aulie gradients causing now in theous troubles because of lack of drainage resulting from the t
practice of not designing for discharge needs- formations bringing water to a drain,

Serious misconceptions have existed in the minds of (c) The average cross sectional areas of the media
many indn, duals as to the capabilities of various kmds of through which water is flowing toward a drain.a

,

porous aggregate "fdter materials" for use in drains and Alter estimating proballe maximum rates of seepage" pervious" bases for roads and airfields. Many pavements f rom all known sources, it is then necesury to analyte the
that have been construeled on granular subbases extendmg hydraube conditions within the drain, When using Darcy'sacross the full widths of shoulders have failed permaturely law to study scepage in drains, the factors of importancebecause they actually weie pootly drained Water gets into become more revealing if the equalion is rearranged in theroadbeds much faster than it can get out, and bemmes following form;
trapped within structural sections, even in roads built on
high fills. Consequently, roads all over the wmid me being
forced to carry Isaffic while they are in a completely 4,g

i 'g
Dooded state even though the designers and budders
thought they were building webdrained roads.

Much of the problem of draining loadbeds and certain In l'q. b 5, the term q is the scepage quantity for which

other types of structures can be attributed to the fact that a drain is. being designed. Usually the total estimated intlow

permed/>ility, the enginecrmg property controlhng rate of
rate should be multiplied by a fattor of at least 5 or 10 to
provide a reasonable margin of safety to take care of errors

flow of water in porous media,is the most widcly Sarymg in ev.duating permeabihties of water bearmg formations and
propeity of engmeeting materials. Other engmccring prop. other uncertainties in the scepage estimates. The alhorable
cities, such as unit wetght and shearing strength, vary over gradient i in a drain is selected by the designer as.the maxi-
minute ranges when compared with permeability. Open- mum gradient he considers desirable or safe to ensure thework pavels and highly permeable filter aggtegates can h we
coelticients of permeability 3 to 10 billion hmes those of required level of proteclion needed to safeguard the strue.

ture twing designed. The gradient i in a drain is of ten re-
fat clays.1hese wide ranges in the salue of a propesty are
almost beyond human comprehension, and teud to obscme stricted by the geometry and orientation of the cross sec-

tion.
the true nature of seepage through soils and porous aggre- l'or example, in a vertical drain in a dam (l'ig. 6.2h i

gate drains. Wriations in the hydraulic gradients that cause of ten can be about 1.0, whereas in a drain under a roadbed

flow of water m porous media magnify the possible sptead (l'ig. 6.3) or in a horizontal blanket drain m a dam (Fig.
of seepage behavior by an additional factor of at least 100, 6 8) I is often limited to around 0 01 to 0.05, dependmg

upon conditions
pving an ovciali possible variation of a trillion times! It
must be obvious that depending on " intuition" or " rule of The ratio of q/iin I:q. 6.5, which is equal to the product
thumb" methods to solve drainage problems and to select of Ic X el of a drain, may be defined as the minimum allow-

drainage materials can be extremely misleading. able comincimty or transmisuhility of a drain. llavingt

' properly estimated qh (allowing an adequate factor of
safety), it is then only necestary to design a drain with theAnalyzing flow in drains To apply the rational and expen- most satisfactory and economical combination of area A

mental methods of soil mechanics to the analysis of seepage and permeability A to provide the desired conductivity.! conditions in drains, it n first necessary to look for all pos- One procedure is to select a permeabdity represent ng an{ ible sources of water that may enter a drain.und have to be avadable filter material of a desired type and calculate the
removed. T hen, it is necessary to consider the hydraulic required thickness A. Alternately, a practical thickness ofconditions within the drain and develop a design that wd! filter can be selected, and the ininimum required permeabil-
ensure sufficient hydraube conductivity or transmissibility ity determined.
to remove the water without excessise buildup of head in l'requentl), the most practical design for a specific proj-
the drain. Scepage within the surrounding water bearing
soils and within ihe drain can be analyred with flow nets as

eet is influenced either by minimum practical eonstructmn
lhicknewes. or b> availabihty of materials, in almost every

descritwd in section o.5', howeser, practical approximate case involving the removal of appreciable quantities of

I
|
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TABLE 6.1. COMPARISON OF BENEFIT / COST U
g

,N * ~' ""%
FACTORS OF SEVERAL SINGLE LAYER AND'

A g8 Mm=:w w m g '~
GRADED. FILTER DRAINS,

r, . me- i m.,m.o ,
N

| | I,
Truecknrns of I'crrrneat>inty

]|w conducting ofconduct Relative
N. 6.6 Layered dra;n under a pavement, for control of ground- n part np per Relative bene /ir/ cost
.vetor seepage and surface infiltration. " )

###

Single- 2 10 20 1 1water from roadbeds, airfield pavements, reservoir drains, laver 4 10 40 2 1and many other kinds of structures, it will be found that 6 to 60 3 1 ;
,.

graded filters or multiple-layer drains are more satisfactory 2 20 40 1 2 o.;nd economical than single layer drains constructed of 2 40 80 1 4 holends of sand and gravel (see Fig. 6.6). Gra:1ed- 1 1000 1000 1* SOfitter 2 1000 2000 2' 50
,

i

The Economics of Aggregate Drains One of the primary 2 5000 10 000 2* 250 i

2 10 000 20 000 2* 500 lobjectives of enginects is to design the rnost economical
2 100 000 200 000 2* 5000 'l3tiuctures satisfying any given set of requirements. When

ycomparing various alternate types of drains for engineering 'Assurnes that 50% of total ciuantity of idter materief is in the con.
woils, ietative costs and relative bencfir/ cost factors should doc uno p.e t of in. or.in.

. ](be taken into account. By examination of 1 q. 6.5, it is evi- Q'"'' ' '"dV '""'"' '"*' d'''"' "'s flowing f un, and tha t
Jent that drain transminibility (a benefit) varies directly
with drain area A and drain permeabihty A. Whenever drain [
transmissibility is important to engineering projects, two i

A
basic questions ought to be asked:(a)llow does the cost of Qndhkon factors of sm.gle-layer drains do not change
drain transminibility vary with the cross-sectional area A of we nm but the benefit / con factors of graded fdter

j

drains? and (b) llow does the cost of drain transmissibility drains can be hundreds or flyousands of times greater than
j

;vary with drain permeabihty k? . Hee of H ung le n h uns, ,the conclusion that must
[Obviously, if drain transmissibility A,1 is to be increased e reached is mat Wwn ap/vuiam ainuunts of n'utu inun
ib) increasing the area or thickness of a drain, the cost will 7*"" "' '" ##" ###"# #""# ""# "" lincrease essentially in direct propcrtion to thickness, since # "# " ' " b''" # *"'" " * "N"# ##"# *"'' ##F

daubling the number of eubie yards of filter materialin a 0" * # #"" "#"b "" ' ' f
drain sittually doubles the cost of the drain. In contrast I the actual water removing needs of drains can only bc
the permeabilities of filters often can be increased hundreds appro nated (wM oikn n the cad, grahMihn or
og thousands of times, often at little or no increase in cost mu ner uns can pro mu greatn watname 1

u

net cubic yard, and sometimes at less unit cost. For exam- ing capabihties than smgle-layer drains, and at less dollar l

onsequendy, wulespread usage of graded filterde, plant-processed, washed blends of sand and fine gravel u
8

with permeabihties of 10 to 20 ft/ day have been produced drains would result m far fewer drainage failures than.

and supplied in the western United States (1973) for prices wWd ocem wim egledayer drains.
op to 512.00 and more pes cubic yard. On the other hand, A comparison of the potential economic benefits of

yy;," bud,s es e , roofing gravel, pea gravel, and one-sized gy,, g g.rmeable materials, as conductors of
crushed rock or gravelin sizes up to I inch, with permeabil- scr/sige, can be made on the basis of the cost of conveying
ities from 3000 to 100 000 ft/ day, have been supplied for an ditray quantity of water a given distance. Any con-
53.00 to 55.00 per cubic yard. Thus, materi.ds with perme- veyor or conductor of a material or substance can be rated

aldhties of many thousands of Icel per day are being sup- in inms of Hw mM of moving a given amount of material
plied for the same or less cost per cubic yard than sand and over a given distance. Thus,in carthwork it is customary to
greel blends with permeabihties of 10 and 20 ft/ day or use um tem um,n rurd, and in freight hauling the cost'

i

|ess. Consequently, inercasing the coarseness and perme- may be expressed for the ron mile. Similarly, the water- (ability of drainage aggregates can increase drain transmis- conduenng embdides of drainage aggregates of various
I

abihly hundreds or thousands of times. often at reduced mbiWin em N mmpned on Hw basis of any con-
* venient umis. Such a comparison can be made (Cedergren

When pea gravel and coarser one sired, highly permeal and Loscring,19tA) with the aid of Darcy's law, q = AIA,
| fdter aggregates are used in drains, t e piping criterion (1yleby multiplying the right hand side of the equation by unityh 44
! al) should always le used to be sure that there is no dan- ' , 7gggu,v i

yer of dogging or piping. This criterion will usuaHy require
/.tlic placement of a fine fitta layer between the coarse filter 4 * A' I -

rnaterial and fine soils, as in Figs. 6.2, 6.3, and 6.6, which j'
requires use of " graded filters." When graded filtns are llence,

.

' ased, the outer fine filter layers usually provide very lithe I
of the total conJuetivity of a drain. In subsequent compar- ]
aons of the bencfit/ cast factors of single-laycr drains and q =

l-
paded-fdter drains, the conductivity of the outer filter lay-
er> of traded filters is assumed to be 7ero. Thus, the in which I' is the vohune of filter material having a cross-
bcncfar/ cost factors in Table 6.1 were coleulated on the as. sectional area A and a length /.. It then follows that,
sumption that half of the total aggregate in the graded fil-
ters is in the highly permeable conducting layer and half is l'=N K6)in the fine (dier layers. Table 6.1 shows that the potential U

I

r

Qj W}a ep-e,pr.rstafpMk@*% i ehmam u.-
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in Eq. 6.6, Vis the volume of filter material needed to con- \
duet scepage quantity q a distance L under hydraulie graJi-F ~"' "% I

u ,..

ent J in a material with a coefficient of permeability k. In
~ ~ ~ ~ ^

most subsurface drains, both q and f will vary from poin,t to| s

point, but a reasonable comparison of the theoretical capa-
" " "

\,\ Q< h4

bilities of various drainage materials as ronrcyors of serfqc
a e \ Y Xcan be made for the assumption that both of these factors

y

w m,m,are relatively constant, ~* ''
/* //Using Eq. 6.6, the costs of both single-layer drains and

4 "' os '

graded filter (multiple-layer) drains are compared in Fig. \
6.7 on the basis of conducting 1 gpm of seepage a distance

-, ~ ~
_-g/T. _

of 100 feet.
Aggregates are assumed to cost $5.00/yd',in ~- -- ^b place.

In the range of filter permeabdities of less than
w ' ' " *

- - - - -

about 40 ft/ day, it is assumed that single-layer drains are
y

u,,,

used; but for filter permeabilities over 40 ft/ day, graded Q ma / "7 ''""
;

filter drains are required. The costs of the graded fdier \ d-r&w ._ ;h * . rI
1.g

drains in Fig. 6.7 are based on the assumption that only half
- '"

a w.w gm ~ fH }#

of the total cubic yards of filter materials in graded filter
{( +' H

drains is in the conducting part of these drains. Fi 6 8 i

Referring to Fig. 6.7, thio theoretical comparison of
ho'irontal drain hianket tentarced).

D'5i ning a drain for conductivity. (el Cross section; 11
9 9

drains shows that it would cost over $10 000 to conduct 1,

gpm a distance of 100 feet with a single la>er drain of filter
4. Examples of Designing Drains for Conductivity -

,

material with a pernyeability of 10 ft/ day, discharging seep-
4

age under a hydraube gradient of 0.02. In contrast, I gpm Earth Dam on Pervious Foundation The earth dam in Filcan be moved 100 feet for about $30 by a graded-fdter M is assumed to have a relatively impervious core withdra,
m having a core of coarse pea gravel with a permeabihtycoeff c ent of permeability of 0.1 ft/ day, anc its found,of 10 000 ft/ day, under the same hydrauhe gradient.

,

tion is assumed to have a permeability 40 times greater, <Using granulometric pimeiples to examine strength and 4 ft/ h TN dm b a vdid immNr ds bepermeabdity characten,stics of granular bases for roads, A and B, and a horizontal outlet blanket drain from B to (
,

Ilans Winterkorn (1967) concluded that desirable strength Using the flow net to determine scepage through tb
and permeability characteristics can he expected of mhyeraldam and foundation, the total rate (which must be removes

aggregates of relatively large dimensions, and of a smgle by the horizontal part of the drain) is estimated to bsite, or a very narrow range of sizes.
%interkoin s work 4 ft/ day (40 ft)(1,25/4)= 50 ft / day per linear foot of das8

gives additional proof of the desirability of using graded' and drain. Allowing a factor of safety of 10, the conducti-
filter drains with mternal cores of high permeabihty where ity of the horizontal drain blanket should be (Qt

'

large amounts of groundwater and scepage have to be re- G2 )(10) = (50 ft*/ day)(10) = 500 ft / day.3

moved from roadbeds or other engincesing structures,
If it is assumed that the maximum desirable head in th

horizontal blanket drain in the dam in Fig. 6.8 should no
exceed 3 feet, as shown, the allowable average hydraubw,w-

, , , , , gradient in the horizontal blanket drain is 3 ft/65 ft
,

0.046; then the minimum required transmissibility o'"
horizontal part of the drain is approximately 500/0.0"" " ' " ~

%
~

3

Ii 000 ft / day. If the conducting layer in this drain is pcb gravel with a coefficient of permeability of 5000 ft/ day
; 'o, tl.e required thickness of this layer is i1000/5000 = 2.2 ft

,

Other classes of permeable materials might be considere: so m -
.

5 %.,
and their 'hicknesses determined; however, the desigi\

-

/
I. N '/ N shown in I ig. 6.Eb, with a 3 ft thick core of material witi} A = 5000 ft/ day would more than satisfy the stipulated de

'

\ _ charge needs of this drain.
. . sI \

} [ \ %,
N

\ W Roadbed in Wet Cut with Springs Assume that a highwa)\;
, .. s,,w w raman

g V-
~ is to be constructed in a deep cut in which pervious joint-

in the bedrock cross the full width of the roadbed, and pro\\ \

\\\ duce a localized inflow of 10 ppm, equally distnbuted ove:)
a width of 50 ft, as shown in Fig. 6.9. A rate of 10 gpm is

6 NN
10 rpm m&* 8 ram NW

3 . N
~ * ^

1.,w. ran N
g, wa i.un a. ,ne sN S 'mtsP

n,,,, ,h~iba

u
,- a % . h modmatw Irmee dre

u Fp. .e.,-,,,os
Fig. 6.7 Cost of filter aggregato per seepage unit 11 2

Opm conducted _ 1.u m
100 f th (Atter Cedergren and Loverino, Highway Research Record,
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F ag. 6.9
Design of an underdrain to remove inflow from springs!

No. 215. HHB,1960, p. 3.1
under a roadbed in hilly terrain.
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out a positive cutoff trench. Figure 131(H)
lliustrates the recommended design for a zoned carried into the voids of the rockfill.

*

.j gif suflicient quantities of filter material aredam with an impervious core larger than k
available at reasonable cost, it usually will be I L;" Minimum Core R" The reverse slope of the
found economical to provide thicker layers himpervious core (fig 131 (H)) is a device

used to: than described above rather than to process
(1) Reduce the length of the downstream material to meet the exact requirements for Q|

pervious shell. thin filter design, as subsequently described. gI

ng
The thicker the hiyer, the greater the permis-

1(2) Facilitato construction of the down- sible deviation from the tilter requirements
Lstream pervious shell if material ex.

cavated from the cutoff trench is used. given, especially in the requirement of paral- p

(3) lteduce the volume of embankment, as lelism of grmlation curves between filter and hI
base, ; ;

shown in figure 131(H). i
'

The dashed outlino in figure 131(H) indicates The rational approach to the design of filters 'I
the drainage blanket that would be required if is generally credited to Terzaghi 117]. Consid. /
the reverse slope were not used, erable experimentation has been performed by h

The horizontal drainage blanket shown in the Corps of Engineers l18) and the Hureau of ,$
Itechtmation {19). Several somewhat differ-figure 131(C) must satisfy three require- y

ments: ent sets of criteria are given by these au-
4thorities. The following limits are recom-
ad(1) Gradation must be such that particles of

mended to satisfy filter stability criteria and to Msoil from the foundation and the overly-
provide ample increase in permeability be- @ing embankment are prevented from
tween base and tilter. These criteria are sat- ijentering the filter and clogging it.

(2) Capacity of the filter must be such that isfactory for use with filters of either natural h
it adequately handles the total seepage sand and gravel or crushed rock and for filter bgradations which are either "u niform" orflow from both the foundation and the j" graded".
emba nk ment.

Du, of the filter M;
(3) Permeability must be great enough to U ) Du. of base material =5 to 40, provided

%
provide easy access of seepage water in
order to reduce scepage uplift forces, that the fdter does not contain more M

Requirements for gradation and permeabil- than 5 percent of material finer than 9
ity are closely related and are discussed below. 0.074 mm. (No. 200 sieve)

T[iDr. of the fdterA minimum drainage blanket thickness of 3 !
.

Dm. of base material""' **
feet is suggested to provide unquest ionable M
capacity for seepage flows. Du. of the tiller

Maximum opening of pipe drain }Multilayer filters for small carthlill dam 4
should in general be avoided; they are more 2 or more [(4) The grain-size curve of the filter 1etlicient but add to the cost of tiller construc-
tion. In cases where large scepage quantities shouhl be roughly parallel to that of kthe base material.must be handled, it has been demonstrated 1

{39] that multilayer tillers can provide an eco- in the foregoing, Du. is the size at which 15
$

nomical solution. percent of the total soit particles are smaller: M:
lf the overlying pervious zones in ( A) and the percentage is by weight as determined by ymechanical analysis. The D.< size is that at ,5(H) of figure 131 are sand-gravel similar in

gradation to the sand-gravel of the foundation, which 85 percent of the total soil particles are

there is no danger of flushing of particles of If more than one filter layer is re- jsmaller. *
quired, the same criteria a re followed; the hthe foundation into the embankment, and no
f ner filter is considered as the " base material". pecial tilters are required. If these zones are
for selection of the cradation of the coarser

<

f
constructed of rockfill, a filter must be provided filter. Q
so that the finer foundation material is not Qin addition to the limiting ratios established Yd

@
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r i DESIGN OF SMAtt DAMS.......,m- - am. .ny- , p,,,,.,,e s . - /

'"o jiml:,re w

y} ,'
" ..u..,

4

, ', ,, O g. y;,, t , .,-. ^ . ;
Gradation limits of hlter materials., M s.... ..o. s. e

.,

w y,6: as u s i; ..m . . g.e,--- g..
. ,i j,m.cgy7(.% '

. /.*. . .' {. . ., sd .i
,

c,.o.4 .... 6 ,,

.h
(1) Lower limit of Dc. of filter =5X 0.00G =I ,!; s, s,..d noss- * ,' -

. N r,,oced saae 0.03 mm.' , " Sea ,wido,.
g s M en .

| g ;'
ion

E@h
; m (2) Upper limit of Dn.. of filter = the

xmnller of the values: 40X0.00G=0.24 mm.,'

and 5X0.10 =0.50 mm. ; use o..?!, m m.u,.,,,,, $Y.$i h To meet conditions (1) and (2) and the
#

| ] . , y.g . f '. " f-
'

r"
criterion of parallelism, sand shown as F.j. . :, ,nl*.U'! ,-

$''',','.',''U7*.'',!'.g*h ;I,ih " ' i
, , .

. . - , , , 5

f' * I in figure 132 was selected. For F , Dc.=
.

.h
I i.

t 0.14 mm. and D,:,=2.4 mm. This material
c a .. .. . . . - -1{i.f

1 c .4.s ,,c . '! i4 s
4 i toc) fine to I> lace a:Uncesi' to a pipe with' O s

c m, - wa , w .c,.e,....$ %-inch openings, since the requirement is
.

' .

nnY, for De. of the filter to be at least 2X %=1
p

%, ... nm o,. ... .a ..e c.,. m. .... , ou,,,,.., i.,aa ., ,,o inch: hence, a second filter layer of gravel or,, w ..

e.. .. ic n i rn .,,ne.o c.
.. c

g. , o , r -e.,. . o m. c.o,. .. ,o crushed rock is required.t o e a n,- i ., ..a a ..a .a ,m.,a p. ., .. , r,*y e o o .. .o g .. ~, nou,a
.e.,

(3) Lower lism.t of Dn. of gravel is 5x0.14[
i = 0.70 mm.7 i 8'. 33J I FP (8I 'O' d'Gih I"6'Ub' A 8 5 IIO~U"Id840 8

p,i g) gg gQ g g g pygg,

h smaller of the values: 40 x0.14 = 5.6 m m.,for adequate fil er design, the 0-inch particlet
$ ,

size should be the maximum utilized in a filter
X2.4 =12.0 mm. ; use 5.6 nim.and5

1E I (5) Least Dm, of gravel =2X %=1 inch =to minimize segregation and bridging of large 25.4 mm.'p '! particles during placement of filter materials.
i0 A lso, in designing filters for base materials

the criterion of parallelism, the gravel
To meet conditions (3), (4), and (5) and

,I containing gravel particles, the base material
shown as F. in figure 132 was selected.'f should be analyzed on the basis of the grada.
The lower and upper limits of the Dr. forf, tion of the fraction smaller than No. 4.

,

ll it is important to compact filter material to F and for F:. as well as the lower limit'for D.:,ii

{ ll the same density as that required for construe.
for F:: are shown on figure 132.

e,fj{| tion of sand-gravel zones in embankments, as
Toe drains are commonly installed along the

'L (j) Toc Drains ned Drainnue Trenches.-
given in appenCx G. Care must be used in downstream toes of dams in conjunction with!

] placing filter materials to avoid segregation.
horizontal drainage blankets in the position[ ]p.

The construction of thin filter layers requires shown in figure 131. Ileginning with smaller
,

6

| proper planning and adequate inspection dur. diameter drains laid along the abutment sec.ing placement. In many cases, it is possible tions, the drains are progressively increased in
.

|'

that com rete sand used in the spillway, outlet
size, the lines of maximum diameter t,cingworks, or appurtenant structures may be used

as filter material. placed across the ranyon floor. The purposeI I'

d i
This reduces costs by elim-

of these drains is to collect the seepage dis-inating any special blending requirements.
charging from the embankment and founda-

{1| | The following is an example (see fig.132) tion and lead it to an outf all pipe which dis-
|j '

of a typical design which wouhl be applienble
-

for thin filters, such as those shown around the charges into either the spillway or outlet works
'

>

}'
'

toe drains in figure 133. stilling basin or into the river channel below
I ! ! Gieent the dam. I ipes rather than French drains are
h ! used to insure adequate capacity to carry seep-Average gradation curve of foundation age flows.1 !

soil shown on figure 132, with Du,=0.00G Toe drains are also used on imper-
m m. a n d D,,. = 0.10 m m. vious foundations to insure that any seepagep!

Openi'ngs in drainnipe, % inch. that may come through the foundation or the
.

4

.
embankment is collected and that the ground-

.

,

l
. I ;

}
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Weier surface k
- :.w z -. : . - .

* ;

k , -+- 0
-
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%

16 " 4 -- '

h t, 0

_ - I
~

kJ '

b.-

1 |

{ 12 10 8 6 4 j2
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.awa M .Mbustww.s w.LKwa r
\idI (quipotenhal not

Line of seepage for

"Y f wh = 0; .--w:...... - ,

#b IGravcf s / / ,''
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---%.,

. -~ ~ ~ - ~ ~, : . ; ~a. _ 2..

)
p. @ [ Who

~ : -- 4',
g j k, = hf ' ' '- 4 u n

l

{ \
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Pervious fouiniateun 1

v.Kr:rn u w;n ny MAvxwwMnW mva
th)

fig.t5. Elf ect of upstream blanket on position of line of seepage. (a) Typical flow net (B/h = 2). (b) Position of line of seepage [for various values of B/h.
l',.

liclief wcils frequently offer the nmst cronmnical, 4. DRAINAGE METHODS |positive control over underseepage (Turnbull and
-

;
Man *nr,1961a: Middichrooks mal Jervis,1917). Ilow. Design of Drains ,

ever, in some cases deep vlurry trenches or other
. l!Drainage methods depend on the .introductmn of itlu.n cutofl.* may offer the most practical, economical

solniinn ((,.cdcrgren.1967). higlolv pnmenide sh.~ charge elements mto the cross.

.

~

1scetion. F.ilters for drains must he des.igned to pre. !

vent piping, as described in Section 2, and drains y
Summary must permit elischarge of the serpage water without ;!

excessive head lo**.In the preceding paragraphs a few of the many
secpage reducmg methods m w,idespread use have An stated ii. Section 2, the following criterion is !i

m4 W du Th m wiu 6 we pie hbeen described. beepage reducing methods depem!
on ihe miroducimn of relatively impervious elements Omn the wh On.y potect

l|
,

at the opstream side, or well within the noss section 4

of a dam. its foundation, and its abutments. These f; gor 1;iin) > 4 or S
'

(2) Hg, tor so;t)
impervious elements restrict the area through which '

scepage can occur, lengthen the scepage path, or re. If the 15% size (l>n) of a filter is 4 or 5 times the
doce the permeability. Several flow. net studies pre. 15% size (/>,:.) of the protected soil, the permeability y
sented in this paper show that serpage. reducing of the filter generally will be ut least 10 to 20 times
methods must be almost perfectly ellicient if they that of the soil. This ensures that the head loss in

,

i

are to greatly increase stability and control under- the filter generally is not significant.
| acepage Sincc perfection is not easily attained scep. F,quation 2 is a *uitable criterion for prmiding

age reducing methods often are not sunicient alone, adequate permeabilii) in drainage siinations similar
and they usually should be combined with some form to tho<c show n in Fig.17, in which flow is arross

[of drainage. the nariow dimension of the filter into considerably
g

f
l'

L

I
| (
l

,

i
?

f
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. Line of seepage

/
Core N Hocis of

.

g
kwm m nwmm.wrzmu.wm,n ' ' - ^ '

g imim.ous soundai.on

Coarse f. Iter
Concrete apron

,, ni urapt

i
r (WrM -

/ __ N fmc f. Iter
\i 1 \

' '

Seepage

(h)fig.17
Examples of filters with large discharge gradients and areas. (a) Earth dam with internal transition (b) Tf

overflow weir.
. oe drain for

.

ninge perviouw niuferiit}8 which renlove the WJter.
to 1|n' ot et all distirnwioth of at ritrlh dant, it he.||owever, in polne ranc8, such as holitontal drains

i

in ritrth dalup, water Hlubl ||ow throttgh the drain ruines lediotis atul dillirtalt lo ronslinet arrurate llow ?
nets willnin the draills thentsrives. bre practical,

,

ulnier rehnlit ely pillall hydraulir gradient > ain|
altlihugh solnewltat approxiniale procedurr> at ethrough entuparatively smau cros> scetional areas.
drariihed in the following paragraphs.in the horizontal outlet drain in Fig.18. In mucha3

by. 2 doP> not nPCe>63rily otbitre udesplate The total combined quantity of scopage q fnom allra8r#,

discharge capacity, and the drain shoubl be designed Sollrrrs that int)%I dischargt' through it drain can he

a, a hydraulir conductor, capable of remming at evaluated froin a llow net analysis in which it is j;
'

:
cseral timr> ihe anticipaird scepage quan. aonmcel that the drain, have an infinite permrahiblea

titics. When drains are designed and buik with ity. For a horiennial drain, ihr designer shouhl en. :

;

ample discharge capacity, the line of scepage thic3 ure that the line of scopage does not rise to the topof the drain,
raol time abus e the drain Zones (fig.18).

hfo t' a gitrit prllucahility of the drain niatt'ria|,The requierd minimum 'permeabihty and thirk.
the ivituiicd thirkorss h, for a given salue of kaol" a drain ran ht' 08tilnated willt (lou urt8 or

nr>8 can

wiih !)arry% |aw, a* der.orihed in the following para. he compnied n-isig the following folitiulit. hitich i' ;

graphs. \tl principle, one could pkrich Ilow nelp deiived for 1.nninar flow ti.e., on the basis ofI)arry's
'

to law h i
t$ cit *rnlillt*. by IriaI ainI crrof'. IllC licCrMilry Llilnen.
*ionis to endme' adrijalate discharge raparily of ||lc f '

Ill ;lillh, Figure it> is itn illustiaiinii inf t.nc siirli ll w r/ * 7 ' (bl ',dt
lit'l in h Ilirit aI| of tbe NOW ebanlitl8 alt' rtil11 prest.ct|

lbplatiol) b % as g|clivrd |ly Oupljil (Ibb3) oll ||10 luthih j
ull|tilllht' houllditties of the drains. i

Ninre drain 6 untial!y are vel'y slrfider in plopot tion of 8iinpli[)ing a>>utuption* atid was sIlohlt by Chillfly
(19 Ell) to he the ;tilaI)lical!y CXitet sobilion for IIoW i

'
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Eartn dam with internal drain designed to prevent line of seepage f rom rising at;ove top of drain.kp
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SEEPAGE CONTROL IN EARTH DAMS

,

W.eter surface q , ,g

i A * 221,3

\ b NY'

- sim m+rm.w_ _ . _

Fig.19. Flow net for core and drains. |

through the ocction shown in I*'ig. 20b (see 1,o,1969, reduce the probability that they might he completely
p. 7 3). It is a very good approximation for the type severcil,
of drain shown in l'ig. 20n, because the section has j

!such a small AJLa ratio that the geometry of the
Pervious Downstream Shells

entrance and discharge faces has an insignificant
""""' M dm ses abundant quantitics of at least

if how m. a drum. reaches a turbulent or senn.. differeni materials with significantly dilTerentiwo

turbulent state, thscharge rates wdl be less tha" m d>Hid aildh. In such can s, a per.
{

-

i macrial is placed downstream of a less per.those estimated on the basis of 1)arcy 3 law, and the
required thickness of the dram * nul be hirger ihan de inand, in cmdy with a wrow transidon
""I""I"I"d' het ween. h..gure 17n is a cross t.ection through such ,

|
The minimum required permeability of a vertical a wnect dam, which rests on an impervious founda. J

micreeptor dram sucji as shown m hg.19 can b" tion and has a thick impervious core. The line of
i dm dmme am ponion in n ry him andestimaicd woh Darcy s law if the quannty of water i

to be removed can he preilicted wo. h reasonable acl scepage has a negligible cfrect on the statiility o the
.

dom am %, wlM is dw ided condition incuracy. Thus m hg. 20c, the discharge capability of - W dm Lge, weibdrained masses ofthe vertical dra,m is q, = k,r, A,, amI by rearranging
the terms L = qJi, A,. Smcc f,or iln,s neady s crimal 6 6 6- u 4 de lim im-

.

drain, I, can he taken as h,/L,, which is nearly unity, herently large resistance to failure not only under.

d ei M A . sh sim bthe minimum required drain permeabihty k, = qdA'
cmed by earthquakes.

I'requently the minimum thickness of drains de. h has lu en paviously seen Wip. lic,12c,14c,
""^ diat wlu n cain dants an: constructnl onpends on practical placement considerations such

. . ,

ons, the h,ne ofas the steepness of the surfaces on which a drain is """P"""" "' P""us fou nd an.
to he constructed and on the costs of using spreader

naMa"
" "" " *

da nn, gmady towning y and increasinghoxes or movable forms in placing materials in
narrow drains as compared to the cost of placing "".'P"#" P"A d"""' I

#'""I "" "I"" " '" " Y ""' I * * " . ." " ' '" "" " I '"I "T P 'larger quantities of materials in wider drains hv
inexpensive placing and si rcading methods,if there "E" "'.'" ugh an canh dann if e." lum of dw foHowing)

I n ;

is a possibility that a dam may undergo shear be. ""*""""" * *"
cause of displacernents along an underlyittr fault, l. The permeability of the downstream wneis not
the drains khould he made conservatively wide to at least ]00 times greater than that of the im.

[ Line of seepage* 2 fx ; '

( ha 3, ,,

\ \ K v 1 3 1

g . R. A,---
g

,, t.,

| fa) Horizontal drain (&J (c) Vertical drain
i

Fig. 20. Design of drain dimensions f or discharge (apacity.
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