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(Presantod boforo a symposium on "Geolosy as applied to hiche

/ vway en;lneoring," sponsored by the Virginia Denari- -w%.of _la-.
Fi-tweys, et Hichrond Va., April 14, 1950, Publi . witi-
15 approvel-es the Director, U. S. Geolozical Surveya)

nL___‘_,.\
“by Allen Sinnott, Geologist——

.Geolo~1ca1 Survey-
Occurrence of ground water

Before considering spoci??cally?the application of
ground=-water problems in the field of highway engineering,
it might be well to sumarize the occurrsnce of water in the
ground,

The water that enters from the surface into the rocks,
usually by infiltration from rainfell, streams, eand lekes,
is drawn downward by gravity, excep@fzrportion which adberes,
by molecular attraction, to the walls of the grains composing
the rocks., BEBelow a certain level the interstices of tho
rockzs are filled with water. These rocks ars in the "zone
of saturation,” the top of which is Jmown as the water table.
The rociks above this gone--which are not saturated--are in
the "gone of aeration." (See fig. 1.)

Ground water has been defined by lleinzer (19233, p. 22),
as the water in the zone of saturation, as distinguished from
water in the zone of aeration, Vater that is drawa from
the ground by wells and springs 6235fsiiﬁ'é e zone of

saturation,



The occurrence and availability of ground wator fg?r
depondent upon a source orluupply for the water, and on tvo
important characterlstics of the waterebearing materialf——
porosity end permeablility. The porosity of a sedirentary
formation=-~the amount of open space it contains--depends to
a large extent oa the paclking and on the aizeﬁdistribution of
the grains of:which the formation is composed, It is important
to note that the alze of the component graina, other things
beinz equal, has practically no effect on the porosity, thus
8ilt and clay are about as porous as sand and gravel.

Fipure 2 repressnts sections of spheres of equal sigze
in three nacking arrangements. The porosity of the closest
arrangerent, as indicated by A, 1s 25.95ﬁf“:zzgrding to
Melnzer (1923b, p. 5), and the porosity of the least compact
arrangement, C, is 47.6%&%‘b§2v0ra1 types of rock interstices,
showing the relﬁtion of rock texture to porosity, are shown
in figur9 Se

Poroslity alone, however, ls insufficient to cause a
formatlon to be consideroed as a good waterfbearor or aquifer,
A more important attribute i1s the permenbllity of the material,
or 1ts ability to ellow wet~sr to flow through it, The size
of the grains has a very definite relationsiip to the permea-
bility. Thus a clay, vhich may have tho same porosity as a
sand, is almost impermeable to water ﬁ?igéiiﬁfés”zie sand,
because the openings in the clay are 80 small that the water

is held.%gzﬁy'them by wolecular attraction,

\.

e


http:utfri.41

Yuch research has been czrried en in recent years ro-
latinz to the hydraulics of wells, and considerable quantltae
tive informatlion can be dgrivod from measurcnonts of the
fluctuations of the wator table nsar discharging wells. Thus,
by cerefully measurins the water levels 4in nearby observae
tion wells tappling e& formatlen fron which a woll ef rowm
7leld 1a discharging, it 1s possible to predict fairly closee
lly the amocunt of lowsering of wator levels that will occur at
any placos in the ground-water basin, after sny pumning veriod,.

In Borme areas, relatively permeable rocks are ovorlain
by relatively 1:pérneeble rocks and, locally, conditlons may
be that the watoer in the zone of saturation bLeneath the irpere
zoeble layer 1s under artsslan preasure. Such weter, when
citpped by wells, rises ahove the base of the confining ime
perneable layer wmill 1t rcachea hydrostatlic balance with
the prascure wifhtn the water-bearinz formation beneath the
confining layer. If thls lovel of hydrostatic balance is
- above the land surface--as in parts of the Virginis Coastal
Plaine-the water in the wells will overflow,

The water table 1s, in general, higher bencath hills and
lowor on the sides of hillgr-cggéi it {ﬁi§§”€€ the lovel of
streans and swanps on low ground in the valleys or coastal

reachese Thus, the shape of tho wator table is a subdued

roplica‘or the topography.



Many of the general principles here ortlined are
concisely troated in two L:portant papsesrs by Melnzer
(1923a and 1923b)s ‘iater-Supnply Papers 494 and 439 of the
U. Se Goeoloygical Survey. s thorousgh understandin- of the
principles set forth in thééo and other papors will greatly
facllitate tho work of the highway enginesr or reolosizt in
his study of the occurrence of ground water in relation to
richway construction,

For the present discussion, the chemical constituvents
of ground weter are of only minor interest. It may be men-
tionsd, however, that all ground water contains inorganic
mineral matter in solutfon, These dissolved solids generally
are prasent in amounts less than l/iété£~1-parcent by weight -
(1,000 parts per million). In some localities, the quality
Sf shallow ground water 1s rendered inferior by contamina=-
tion with minordl matter or pollution wlth orgsnic wastes.

Ground-ﬁgter groblems in
E}ghway q%nsﬁruction

¥i1th regard to_éround~water problems in highwvay cone
struotion, consideration should he given to the occurrence
of ground water along the entire proposed route (just as 1s
customary with surface water). ’EX so doing, UNEOTINEEN oy pmsre s
difficulties may frequently be avoided. After the best route
is chosen consistent with other requirements, somothing should

be l~arned of thes depth to the weter table and its range of
fluctuation, This can be done by 9613£5Z§5.uater level
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noasurer:onts 9& noarby shallow wells, or, better still, by
puttin; down a gerica of drive noints--gmall dimmoiar caesings
zfggtdrlvc heads ard rerncons at tholr lowor ends--and ralzing
a eories of water-level measurements in theseo obzervation
vells over an extended period. The longer the period during
vhich the moasure—onts can bo made, the better, ™ 1th this
Information, the highway erzineer can learn, in advance of
construcéion, tie maxi~vm helzsht to which the water table is
likely to fisa, and can plan accordinzly.

“hen the probable maxirmm water level in a section of
highway i3 determined, a decision can be made as to whether
it would bs most feasible to provide a porous subsrade £111
of sufficlient thickness beneath the ronéf%ed to allow for
natural gravity drainaze, or whether the water table should
be lowsred bgig?;iga;o channols or drainage wells., Contrcle
lin- ground water by builldins up over it with tl:icher f£111
ray prove costly ovor lon~- gections of hishway, altllongh: it
_ may be tho most practical method for short sections; however,
avallability of low=-cost £111 raterilal is a controlling
factor. #£lso, in lirestone terrane, filling sinkholes con-
stitutes a problem as mentioncd later.

In some localitles, tho desired lowering of the water
table boneat’ the road bed may be obtained by dlg dn~ gravel-
filled drainage ditchea parallel to the highway to drain

both ground*water'and surface water. In limestons terrane,,



however, ce in ['lorida, tho largs guantity of water in tlio
lirestone mizht rmalte it impractical te .lowcr the water iZJ’éf.T“’

The propser conditions permitting the use of drainage
wclls are shown iIn fl_ ure 4, iowsto?, %-_-,f a zone of kish
arteslian prossure 1s tanved, the watnr l.:avel in the woll
constructed for drainace might rise above the water table,
cnd even the lend surface., Thus, 1f tho artesian pressuro
18 sufficlontly great, a flowing well would be produced
instoad of a dralnage well, This ip preclsely what happoned
nsar Orlando, Fléﬁé&'} some years ago. Drainage wells tapfd
ped & zone which, after the early summer ralny soason, devolop&l
g& sufficient artesian pressure so that the wells began to
floa, flooding the road/l‘)ed, and making the drainazre problem
even worsc than tefore. In rozlonas vhere deopor szonss of
hich artssian prossure are suspectoed, careful preliminary
ztudy of “he arca by a specialist in grozmd)r.mter can usually
_ forestall troudle of thia sort.

In some fégions, unconsolidated surficial deposits may
b2 underlain by ilmestone beds of conslderable thiciness,
Locally, these limostone beds may contain solution channels,
rany of viiich are interconnected, 'E'hq regional water table
in tkese channels Wbo lower than the local
water table of the shallow ground water which 1s causing the
difficulty in the highway construction. Dralnage wells may

be conatructed to connect the shallow ground water with the

lower zone in the solution channels in the underlying lime-



ctono beds, es rocently rointed out by laleorcaux (1042) for
1art of the Tennsssoe Velley arca 1n northern fLlabama, and as
¢ons 1in many parts of lorida (Strin;fiela, 1955, no. 161£§).
(ico fige 5¢) If tho deersr grouni water 1s used for pudlic
purplies, drainage wells in the vicinity of such supply
wells would obviously bs undesirablo, and proper caution
ghould be exercised in using this method near towns and

- i';'-l-..-’ w5 USED FoR trusisw (owsemfioy -

The Corps of 'mginecrs cof the U, S Amy employs a
method of subgrade drainsge for alrport construction which
has also becn applisd to highway construction (Corpz of
Enzinears rmanual, 1942; ses refiT; 3riefly, thils, ZZkigats
of placing porous drainaza pipes in the subgrade f£ill near
the shoulder of the alrport pavemant. The drainage pipes
are placed at 1oaat a foot bensath the base of ths navenont
rmaterial, Thus, the vater tabla is lowsied at leact wJ; foot,
and is raintalned by this means everywhoere a foot or nors
-~ bensath the base of the'pnvement, providing adequate Graine
ago within the porous subgreds. (Soe fige 6.)

A vecent important apnlication of soll physica -
to encinesrins and groundewater problems 4m ths technique of
eloctrical drainage, emnloying the prineilple of eloctro-osricsis

(also tormed "electroswosis"). Briefly, this method involves

passing a direot electric current through the ground required


http:1r17'orca.lx

to be drained, 70 wator contained in tho soil then moves
fron the positive cloctrcde (anode) to the nesative elecirode
(catrode)s If & woll point 1s used es the cnthode, the anpli-
cation of the current will draw molsture from tlhie surrounde
inc 801l to the well point, 555;2223 of vhich it can be roe
noved et intervals by rimninge Vith a large current, cone
siderable heating occurs at the anode, the resultinz tempera=-
turn gradient increasing the water movement caused by the
electro~osmosiss The welzht of the water expelled is proe
portional to the quantity of electricity (in coulonmbs)
passed throuzh the soil, untll the moisture is removed, The
wolcht of weter per coulomd 1s greatost for sandy soils and
least for heavy clay sollse. The usefulngss of this method of
drainagze 1s rcadlly apparent because dralnaze of clayey and
silty soils by well points alono, without eloctrie treatrent,
is practically inmpossible, The method 1s outlined in several
rocont papers, two of which ere glvon in ths list of referonces
below (nos. 3 and 4).
V In conclusion, it may be strosssd again that highway
departmants should, where possiblo, avall themselves of
personnel or consultants skilled in the application of grounde
wator Inewledge to practical englincering problems. In this

way, costly mistakos can rany tinmes be avolded.

Reforences

1, (Anonymous), 1946, Drainage and erosion control; Subsure
face drainage facilitios for airfilelds: Fnzineering manual
for “ar lepartmont Construction, Corpa of snginosrs:

Part. XI1I, Chaptor 2, 36 pp.
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Diagram showing several types of rock Intarstice: and the relatiun of roci texture to porasity,
A, Wellaorted sedimentary deponit baving high porosity; B, ponrly sorted sedimentary depo-it have
fog low parmity €, well-<orted srdinwentary deposit consisting of pebhies that are themselves porous,
80 that the drpasit as & whola has a very high poromity; D, wrll-worted srdimentary depoit whae
porosity has buen dirninished by the depo<iiion of mincral matter in the interstices. E, rock rendersd

porous by solulin . F, reck rendered s by
s 9 (deinzer, 1923, ,ll. 1.)
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(¥oi1fied rom Meinzer, 1977a. f1ip. 34.)

Diag ic wction sh x conditions that will permit droinage of mershy land through
inverted wells. Drainage through wells would also be practicable if the warshy lsud hud 8 perched

water table. FlGURE 4

EXPLANATION
3 ses ’...
— lnu.u/.-um-o
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Section show:ng ground water levels 1A 801ULiON Cavities 1A AN 3red underian 1y L.mestune

A, Surface ari subsurface cdriinare 1t same level in botto= of Fin;_r‘:oh; E, orening in sink hole
plupued by fapBroeihle weatherins prolucts ar' alluviue, allowiar locnl perchc?! water table to remain
at higher level than A; C, upoer-level cnvity, drv part of the vezr, as ir also well 2, which has been
drilled only to this level; D, lower-level cavity, in which there is witer all yenr, =0 that well I,
drilled through both cavitier, never runs Arv. Pond at B cou'd ke Zreine?! durine poriods when water
table at A and in wells 1 and 2 i= at level showm, or lower. (LaMu--..x, 19.9, /'..'. ?2.)

FIGURE 5
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GROUND-WATER CONDITIONS AFTER INSTALLATION OF
SUBGRADE DRAINAGE

(Modified from Rar. Dept.
Eng. Man. - 1%4 - Pt. XIII
FlGURE 6 CMP‘- 2, (trure 8,) d
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