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the Sow of gas in the unsaturated

differcatial equation governing
mnbmwm:amwﬂuuwwymumm&mwthuequmrormm:ntbonndny
conditions compute water level response in & well tapping the Ogallals Formation near
unbbmhmuﬂmnmulumumunhmphMOuud‘mmh-dwmq
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resalts in terrms of the vo-
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cfftcts of barometric Quctuations on water levels in a well tap-
ping a shaliow fined aquifer in h G He

ibuted the ba ically induced water Jevel fluctuations

ations may be significant if the overlying materi-
als are thick or have relatively lnw permesbili

1 the faa \hn  the “friction’ of the nnastrated zone materiale

prevailing moi: content. Co q imes de-
mhhtowmawwl:veldxueoﬂeaeﬂdnmgmmun—

ic pressure from being trensmitted in
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confined aquifers for such effects. In addité mitted i down the well bare. Although his ex-
to understind (L Latusé und causes of these ions everi  Plasation is qualitatively cosrect; be di not present an equa-
Whﬂlmqmmwﬁmtonlmumhnmm wnxwmmuhcﬂmuamﬂemodounmnppmw
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wlzvdﬂnuuumonlhenu.nnllumunnnde.onh:

d topt!dlﬂthun

! icrobarograph records.
_ PREvViOUs WoRK.

B mmuubywhuhmmknhmwlhumdnp
unmﬂnednquxfcnrspandmmnp

nuplpaumnbjubu.iwhw Im
AmﬂuanOeophyvsllU "_I by

Ducy‘:hv.ummde:ﬁmhmmmrm\hdmh
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dinm: Finally, Gilliland [1969, p. 244) briefly mentions the re-
mmmauﬂwmmennmmwdmcubem;mpuml
in explaining baromeirically induced water level fuctuations.
mdounmwmlueqummdouhdmihetbe
mechanism in detail. -

Several authors [e.g., Peck, 1960; van Hylckama, 1968;
Turk. 1975} have descrihed barometric effects 0n water Levels
in wells tapping shallow unconfined ‘aquifers. These authors
have dealt with situations in which the depth 1o water below
Iand surface is less than | of 2 m, and they postulate the pros-
eace of cotrapped aif below the water table a3 a mechanism
for producing such effects. These effects are entirely different
from those described in this paper: Furthermore, the mecha-
aismn described: here generally would not produce mea.omhle

. eﬂeasmmchshallownqum

THEORY

Water levels in wells tapping naconfined aquifers are of-
readwmmmhmmmmbmuxmmw
movemwotomonh:uv:ﬂym‘uumatedwmmotderw
mmmuﬂupmuuchuywthcmwnbh‘mhm
mlulhwedbyth:ﬁnuepermhhtyormeummmed
mmuhmdbylhuumrywmornlunmu;uu
the pressure changes. Consequeatly, the change in soil gas
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ic changes are
neously in a well This results in a pressure imbalance be-
tween water ia the well and water in the adjacent squifer. The
pressure difference produces a water level fluctuation i the
well.

Thnphmommmybemmwdbymndmthed‘-
fects of a step change in barometric pressute oa the water
level in a well seceened oaly below the water table, 25 shown
in Figure 1. Shortly after the aimospheric pressure changes at
land surfece by an amount A4, only a fraction (4A) of the
change has beea transmitted throngh the uasatuiated zous to
the wates table.- However, the atmospheric pressure change
bas been iransmitted unatienuated 1o the water surface in the
well. Hence 2 temporary. pressure imbatance is created be-
tween the water in the well and that in the aquifer, resulting in

a_water level decline equal to a pressure bead difference of
(w,—w.mdmmhww,memlhpmm
change ix itted through the rone, and the
water leve] recovers to its initia) position.

This pbeaomeaon is substantially differeat from that caus-
ing berometric fluctuations in a well tapping a confined aqui-
fei, slswa (0 canpatiseu ia Figué 2. O (he bash of Jacud's
(1940] model for barometric effects on confined aquifers, the

anmmwywmmmm-
mtnnlbm;hthemﬁnmbedlodummﬁnbetmnme
Confining bed and the aquifer. At the interface 1 portion of
the load change is borne by the confined water over the area
of its contact with the lnterface (2Ah, in Figure 2), and ao-

" water level .

«wm(ughbomeb,m.qnuamimxw:
mmmmmpmmummyw
the water. Hence a pressure imbalance cqual o AH, — bM_
crested between the water in the well and the pore water,
prmrembdnme.apmsedunpmnhnd.mh:m
quwnlenlmurkvelch:n;emmemﬂ.‘l‘hnsnnderwn-
fined conditions, barometrically induced water level' ﬂuaun
mmhm»mmmwmmdm-m
stant fraction of the basometric fuctuations. .
Mdumbdlbnw.mmlevellnnnnuppingu

tho walc: table. Moreover, tho rclatiouship belw.m
spb:ncpmr:mdwﬂ'psphmn—enmydqnh

ﬂuldpmenuﬂclnbelpmmd Thnmnumpucnmen!lyll
jostibed in ing flow in lab

mdlnn.lmnlwmetvonﬁm,fwthepmblanof
wmmunumtunumnmwmwawﬂ
chaoges are of i the same itode a3 the gra¥; ]
ity term. The gravity term for gas at stmospheric pressure.
amounts to about | mbar/10 m of depth, and diurpal aimo-
spheric pressare commonly are 34 mbar, On the
other hand, effects of pressarc visialion on gas density, aso-
ally acoounted for in differential equations describing
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Jlow, can be ignored when the pressure changes Are us slight

33 thow aecnmwing in the nasatucated zane [Woeks, 1978, p. ).
B¢ Hence flow of gas in the unsaturated 2oue is adequately. de-

Rk pressibility of the soil gas is 1/P, where Pis the mean pressure
a4 mmtmmumumnuolmmul,u/t, 7% and the spe-
Sific slorage cocfficient of (he medivm 1o soil gas is. ny/P,
whert n, it the air-filled porosity or specific yiel. dimeasion-

o addition, the ability of the unsaiurated materials 10
ranamit soil gas under s bead gradicat is guvernal by the per-
Beoiability of the unsarurated matesials at theis prevailing
R oisture content divided by the viscosity of the soil gas, or

 the intrinsic permeability of the medium,
L k.o it the relative permeability of the mediun to ai at its

Fig 2. Eftct of 2 barcmetric pressure changs on the water level in # well tipping & confined
ad Jsa, Figoe 22). () lln.lutd s eton of & contned squie {8) 1dealized barograph and Mydrograph
showiag wates level responac with

a
" Barometric pressure
o
Ee
£¢
i1 fon
58,
£a 1 Time ——
2o
8- Hy-bahw
bél o
2. 9%e;
b ¥ Water level

aquifer. Modifled from

soil gas are constant in spsce and over Lo lime periods sed
for amilysia, (4) the pormecability of the medium ¢o ai is large
cnough that the Klinkenberg {1941] cffect can bo igriored, and
(5} the flow of soil gas in the unmaturated zone is isothermal,
(he appropriate equatinn describing soil gas flow in the un-
mturatod zome is

"_*-{& & m

whel

pacvmatic potential, L;

air-flled porosity, dimensionless;

dyoamic visoosity of air, M/L - T.

intrinsic permeability- of the parous medmm com-

’(?P»

i 7. Fhue if ons assumes that (1) soil §a3 fow is digail
Bt anly inn (he vertical direction, (2) change In depth and
Pitsure as o ne.ll.lblz effect on soil: ges density, (3) the
[Tansinissive 0d storage properties of the unsaturated zone to

posing 2008, L,

relative peuueatility of the medium 1 ab & s pro-

vailing moisture contea, dimensionless;

# mean pressucc during pressare change evens, M/
LT
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Fiures o 129 38 an dentcn, (2 Mypbetnt irmtic posare
an;a-un e and. 0384 0 reproacat it {5) Hypo-
Ardrepagh thoeiat cfocs of sarovinths cic pressuro
Mmﬁmhw watez lovel in & well tapping an uncon-
Bood it Duubed ise rprecat b rad thal th waer vl
ixed'at (e

of the time siap."*

The Klinkeaberg effect occurs during gas fow through a cap-
illary or porous mvedium when, st kow pressures, the lengih of
the mean frea path of the gas molecules approaches the dism-
eter af ihe capiliary twbe of pore. Under theae conditions 1he
Hagan-Potseuilie velociry distribution no longer fiskds, suoe
some gas molecules tend 10 alip along the capillary wall. Thos
for very Gine grained mwiahm-nlnnﬂ:penmbiﬁty [
measured by pas fow exceeds that racasused by liquid Bow,

The quantity iz (1) in parmncheses hus meunu- T/L?, and
its reciprocal, with dimensions LY/7, is termed (Weeks, 1978)
the effective pocumalic difusivity. The effective preumatic
diffosivity may be trested a5 8 Tamped paraneter that includes
both-the properties of (bé unsatursted materisty and of (be

20il gas. Puumllcdlﬂ\mvuy'dllumlhlbelymhnhma-
Thus (1) may be written

5 _a
EE e
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Equation (2) ix the same a5 that preseaced by Buckingicn;
[l”‘]lﬂ.dhnudwmpulm(nﬂpshwinmnmm'
z0ae throughout the remainder of this papes.
Por mont situations, soil gas aw in the unsaturted zone’
would be subject [0 the borundary conditions

A=fIn a 3-0 p,
hfir=0 m 1=l “

where 7 is laken ks zero a1 and sorface aod is assumed equal
wlnlhnwu«uhhmuammmﬁa!mmw

the paper for case of expression. Hawever, the Lhickaess of the
capiliacy fiinge could be importsut for relatively shalow,
aquifers) .

wter level responss 10 barometric fluctuations ineludes the
effests of layering imphicitly. .

OF EFFECTIVE F
AND PREDICTION OF WATER LEVEL CHANGES
The effective puckipatic dilfuslvity u uf the welciialy oo
poing the wnsaturated zone must be deterained if(2) i 1 be

ion with tinse, Two of several possible methods:
are described below,
The step change method A selil a0d general merhed for

ues of peeumatic diffusivity to compute water level Suctua-
tioas using (2). The appropriate efiective diffusivity valun.is
it which provides he best maich berwecn compuied sad

" The basic procodure iavolved i the fiep changs method's
to determios the soil gas bead change st the watcr table pré:.

superposition, the total bead chango at the water tablo'at's
gives fime is the suts of the changss caused by precoding step:

0y time 1, £umiag an injtial condition of (h = 0,0 <
15,6 givenby cmwm.r..,uum.p.mu

whﬁmmu&:pmwdnmmle o
mﬁuo{umlunummgzuwmmnﬂa
step change in barometric pressure, T wad other symbols A
3 dofived in tlo sotation weviivn, 1 & i expsoased i torms of
‘water besd, the barametrically induced water level decline i
equal_to the bsrometsic change minus. the soil gas bend
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uted to meagared water

hange, or A, - h. Thuy the change in water level is given by
theequation .

%5 [ peremvans] ©
A

Vhers AL ia'the barometrieally induocd ‘water level duq;

W time i, L.
~ The barometric effect on the water level in the well at the
20d of w given time step is computed s the sum of the efects
Of each of the preceding Yep changes i batometric pressore,
u(hlvlhuwdfbl(hebllwedlmnmﬂmmdm
oocurred. This mmmation may be expressed in equation
% rm.. acenming equel time steps, xt

v
Noveween, (sto

n.08

a8 Regiona) Airpor: dnring the period

g 4 Compurison of a1 (he Lubbock. T
Nt G 1370 o ek v ofprcsniale GBSy, (6} Bt 8 mateh, ooutned by s & poc s .
il valuo of 0039 /. (0 Mieh fox  diffsivity vfoc (0.032 '/s) submangitty diffesens frocn (bat giving the best

LIS 1
AWL, - g L 5 eyl

e [-oiwadty~ i+ 4)/aF) ()

wliere AWL; iy the bur induced chagge In water

omeutcally
Tevel ut the end of the th time step, 4 H, i the magnilude of
step change in baromelric pressure besd during Ab time step,

LNhlheumentpmzuml.Tlﬂdnlbﬁwmhdxmn

mmmfmonmm\mhmmumbmm\.
and the method Bas been widely used for analogous problems
of growndwater Bow [Badinger and Reed, 1964; Pinder ¢t al.

172 WEEKS: BAROMETRIC +LUCTUATIONS N WELLS.

IELONW LANG SURFACK, ¥ METERS

oERTH TO waTER

e Menared v level

3

-
8

BARONETRIC PAEASURE, (N METERS OF WATER

w0

ovensEn. 319

Comparison of prodicted and measred weter levels ot Lubbiock, Teans, Regionat Airport during the period
N-vmbu o2 1970, basest aon (he best h prswmae diffiviey chonen rom the analpae of daa for the period No-

veber b=t

1963, Moench ¢t g, 1974}, Alibough (T) appears computation-
ally formidable, it may be conveniently and cficieatly pro-
grumed for & digital compuler. Generally, only a few terms of
the infinite series nesd be computed.-[a the program written
for the analyser deteribed below, seriex evaluation ia hated
asbitrarity when the last computed term is less than 107%.

Application of the sep change method o extizonte effctive
poeuruatic diffusivity is demanstsated wsing water lovel and.
batomeukc data reoordos at the Lubbock, Texns, Reglonal
Alrpon. Waler level data from an cbservation well srecoed
a1 & depth of 3940 m in the Ogallala Formatioo of tate Yes-
tinry nge and berometric data from the National Weather
Service station at the airport, located about 0.5 kan (rom the
well, were aatyzed for the period from 1200 houss, Novera-
‘et 6, uditl (200 boure, November U3, 1970, For the neatycis
the record was divided iato 84 2-hous imcrements, and compu-
talions werc made vaing eight differcat values for poeumatic
diffusivity, racging (ror 0.03240 0.064 m*/s.

Tae best overail. maich betwoen-simuiated and. measured
dau, a3 aetirmined by subjecive fuing by cye, waa cbuained
using 8 putumitic diffusivity value of 0059 m*/¢ and Is shown
in Figgure 4. The cuch is quite good, althongh there 1re siy-
nificant depariires in pans of the record. Those occurring
during the 2 875t days may be paniatly antributed 10 the cf-
fects of msuming equilibrium conditions at the start of simu-
latian with (2). Al ihe measured water level is generally
lower thaa the compoted water lavel at the ®art of tha record
and higher a1 the ead. This can be attributed to a stow upward
Aread in the water tabde duripy the petiod taved vy rocovery
of water levels following cessation of pumping of aearby irri-
#al0n welis earlier 1 the fall: Finally, the computed water
Mevel is advanced in phase from the measured water level. Part
of the phase advance reay be duc to filure to scevunt for the
effocts of deisved-obssrvation well reapotse in the saalysis.,

“Tho results of viing a xobstantially differcnt pacumatic dif-
fusivity, vates (0032 m'/s) are shown in Figure 4b. Note thar
the use of the lower diffusivily value resulls in 4 targer aapli-

and concrusions copcernigg this smulation sre discuied'u:
der the section on che amplitode ratio method. <

aunpmmna N
he onplitude mlla micthod  Ag atiempt way made to‘

Buctustions provides nsefs! observed'
ter level fluctnations. Moreover, use of the mphmu Tt

determine paeumat md.mmvnyumswbemomux
proach. However, uttempls 1o apply the method W d.m b
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- approximaied by s sine curvs. The theory 1ad sicmpie o uas
- it e described below.

For. this development 1 is assumed that the ‘barometric
at1and surface i deacribed by the equation

) R ey ®
where H,.is_the smospheric pressare Quctuation bost ity
mean ot land surface, expressed a3, water head, 1 4, i the
amplitude or Balf mage of the cyclic basomeiric

genenal, this ahiould be truo after one of two cycles {Cooper et
af, 1965, . 39240}, Finaly, if i is axsurmed that po fiow of soil

30l ga3 pressure changes a any depth in the unsaturied zone
 *{Cardaw and Jaeger, 1959, p. 105]. The amplitude A, of the
| 0 gas pressure at the water table, a3 derived fram the gen-
.-eral equation, is:

where A, is the amplitade of soil gas Buctuation at nh:
. 'water table, in terms of water head, L; k = (w/ov)\?, L-
-'Mdmfmmmumaublelolmdmmm. mdonm
"Ilnbollueudmnbcchlllﬂmmmn

" Likewise, it cen be thown, after considerable alybnk o
tjpulation of an expremsian given by Crrelaw and Jueger, that
I} - (b phuse tag ¢ of the solt gas pressure at the water table be-
hihd that at tand surfacc is given by the equation . .

# = arcian (1anh k- tan kN : (10}

Fig.6. a1 e L »...g-r Regional duri o
m&w-uuul,lmu-h; sppeonimately lnuu-mmnno yuxm
shaws i3 the malch obtainsd -n;uwmmuwnlmmhmmmpﬁnpmmm that the
ke for bacomerie Suctuations i twi that For ﬁgum‘ s,

whete ¢ is the phs lu of lnil gaa pressare Binctiation at the
s raristion, in radi-

The baromatrio Muctuation AWL is Again oqual Lo the. dif-
fmmlhm:muwmm
Muuw-wubhm ) .

v WL =

(“" +4) an

On me basis of wave [orm anatysis {Manley, 1945, pp. 14-20)
theamoplirde. A, of the reilant wuu lovel Buciuation
=2 A, 008 4)'7,
Dividing through byA.ud Inunu' -l./A umapmwn
becomas

A44, -(l-u’l u'cuo)"" . (lz)

The catio A_/A, was camputed for a range of valies of &/ by
use of (9) and (10) to compots values for 4, and 4, which wore
then substitused iato (2% The reslts of thesé compiations
a1 shiown graphically by the upper cuive bn Figure7. . -,

As shown In the, ligure, 1bo. amplitude of the water level
fuctostion may:exceed that of the, barometric Aucwistion,
which-at it glacce sppeary paradoxical. The phesomenon
occurs-whien tho phase Iag of the wil gas pucumatic bead
change at the water table it nwarly 180° brhind the aumo-
spheric pressare change. Under this condition the sail gas
bead is dectising in response 1o the previous rough b baro-
twetric pressuse at the same (ime that the barametric pressure
s sising, Bocsust o water level change Iy oqual 10 the alge-
bruic differeace betweea the sail gas bead at the water tabie
and the baromelric pressure at {aed surfuse. it may exoeed the
barometric pressuse change alone, as shown in Figure £, -

The plas ng of the wace tevl wave bebind the baromet-
o Buctusion vave s given by ke cquation [Mmky, 1945, p.
9 -

where ¥ is the ghase Iag of water level Gons behind the
‘baromeirio fAinciuations, in rediapa Values of ¥ were alyw

1z Wezas: DARGMETRIC PLUCTUATIONS I Welis
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PLATE LAG.W . In DEGNEES

Fig. 7. Graph shawing the rlaticmships between the.
textieurs in £ wpronfise naquifer 1n haruneiric fneaar
eyelic period.

* fasivity, and

compuited for various valties of kL. OVer & Laxe range of vak-
ues [0+ ki, ¥ is negative, indicating that the watr fevel fuctn-
Rtions are’ advanoed in phase in relation fo the barometsic
fuctuations. This advaoce in phase occurs because the wave

23 pressure wavc i the waler tabie. This isilerféreace: m.c
cap ba'sdvanced in phisey in reiatiod (o (he atmbepberie wa:
cven though the soll gas presvare wive ahways hpm:umn.
aphesic wave. Vatues of ¥, the phase lag of the water level
Buctuations behiad the barometric fuctuations, rc shown by
e tower curve o Figore 7.

. An asimate of effoaive po a8 made us-

38 23 a5 0

ratio A_/A, wad phase lug ¥ of eyelic wates favel fioo-

fartinn of amanaind e (hickarss, prematic &

fevel fiocuanlons sé anly poorly represented by :Inn Surve”

of daily period, and the records inclode mach noncyclic visia- -
tion” Two'cydlic Gmponcats are present, however, iodliding
ane of diumal ulwd that i primarily duc o the’ effécty of

proximately seuidiurnal period, that is duc to the gravit:
tiomal pull of the moon «nd the sun. Consequently, a 'hir-
rtaic anaiysia was mad of both the basametric aad ey

within these lye
628 were made gsing the Font program trom the lnu-m

Package and includad fnding tha divrnal énd

’Ihnwllﬁlcvd“"
the, barometric foctoations for (he Labback; Texss, airpon
site. Toei pesiodi were choses for this analysis, including one
rmmaqmmbazwlndlbzmr(ﬂnwnml'mé)ﬁum
Sopteibes 1410 21, 1970, These periods were chosen because
be woter level data

i harmonics for each set of records. both, for the
full period apd for tach day. These anslyses did aot subt
sientially improve the results of the amplitude ratic méthod.
For the period September 14-21, 1970, the weekly, dioraal, -
riod O e

nmu«umhmadcmdsmmmnﬁmn-
1empt way mads 10 use the amplitude ratio for individual
daily recards; but the resuits were inconclusive owing o mtch
xuun.ngumeullymp:unluhﬁm Baromelric
Suctustiofts were sumred for eich period, end an smplimde
falio was computed from these sums. For the period Septem-
ber 2-8. 1970, the sum of the daily ranges of the watér levels
was 177 cm and of the was 2LS om of water, e
slting in 0 emplitude ragio of 0826, From Figure 7. i/

an)' = 10621 Ihllmhhma-l‘i/v(lﬂi)’ The depth 1o
watér 4 oquals 38 'l chis witw, end +; the period, cquals | day.
Consequenily, @ = 4100 m?/d, or 0.048 m*/s. A similar analy-
68 of the record fot the period September 14-21, 1970,
sulied in an amplitude ratio of 0.794 and a pueumstic diffasi-
vity of 0.05) m*/a. These valves ase lower than the 6.059 m'/s
determined by the step chacge method.

AS can be.seen from Figure 6, the barometric end water

y oqual

vity valucs delermined from dinreat harmonics based o i
vidual daily records ranged from 0.018 to 0.12 m'/s wad aver- '
agod 0.073 m'/s. Diflusivities computed from the amplitid
T of ibe seondiumal Guétuations based oa dally records’
showed a similar rangs but svecaged 0.054 m*/e. L

At least part of the wide range of values determined by.the
smplitude ratio method results ftom measurement error. Du
o times when ric and water lovel Sncruations ase
aearly perfodic, the amplitede of the (octuations is typieally *
relasively sennll (say, 4-5 can of water bead). Moreaver, the ag-
cutacy of tho d ta-from. the microbarograph and watcr Level
charts vsed in the accaracy of the. data fram the “mictor.
baragneph and waler lcvel chants used in the sbove wantytes 8 3§
of the arder of £0.3 cm of waler. Trial compuitations sssoinifip
ervors of (his magai icate an ervor in camputed poey-
matic diffusivity of about J0%. Additional error may result
from sssuming that (be unseterated-zone Qroperties are yak-
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/7 N, Almospheric pressure

Solt gas pressure
ol water tabis

D
Water tabte—""~
flyctuation

!

Time —
Flg. 8. Disgrammatic representation of yclc barometric chaniges end il g3 presiure chadges o) the wisr bl for

form with depth and tha( watet tevel in the well shows isstas-

8% 1n0c0us pressure response.,
1 summary, (he theorotical analysis of the mp\wu o
methad prwvides wsefut insights on harometrically inducea
“water level nuunmu In particular, the m;mmda of water

were disappointing, The siep change method is thus recom-
mended for this applicatian.

. Phyricol significance of prevmaric diffusiviy values. Thevretie

R Slly, padomstic diffusivity values determiand by the analyses

P described above cotld be used in conjunction with as inde-

‘pendent specific yield estimate to determine the permeability

© aix of the materials composing the unsaturaged zose. How-

3 qﬂ.peuuemgma;ommunnmnmumor

g i are implicitly included in the

SUMMARY AND CONCLUSIONS

Water levels in wells pping unconfined aquifers are
P8 (cc1ed by variatioas in

induced water level 00 result from
Ritec restsiance (0 0ol gas Bow mposed by the materials com-
ity of the

g3 within the ir-filed pores. These factars may be quan-

tified s & Jifisivity Lerm, defioed by Weeks [1978, p. 3} as the
effective pocamati diffusivity. Becausc of the pacumatic dif-
fusivity of the uasataraied 2002, pressure Tespome io the 300
21 at the water table lags that at laad rurface, wheress simo-
spheric . pressure changes are transmifted instantaneonsly
down the well bore. The difference between the atmaspberic
pressuro sxeried on the water in the well bore and tha soil gy
pfessire excried on waler In (he aquifér Tesolis in & water
level changz.

Any schee {o predict bummalnully induced water level
Buctuations in welly screened below the water table in decp

foons (0 v * At of the. L oot

fusivity. This parameter may be determioed by matching
compated to measured wates fevels for variom trial Giffasivity
values or by asalysia of the ratio of the saplitade of tho water
level fuctuations 10 that of the concurves! barometric fuctus-
tons, Applicatian of the wo procedures 1 dxta obisized at
the Lubbock, Texas, Regional Airport indicates that ihe trial-
a0d-¢101 procedure s mors accatats and hal the &iffasivity
determined i this manner cag provide ceasoosbly good pre-
dictions of batometrically induced watex levet. Burtoatios.
Moreover, the Buctaations are meh that they cnnld pot e
bly be explaized by 2 simple barametric eMcicory comection
as applied 10 water levels in confined agaifers. Consequeatly,
the theory destribod in this papes should be useful to correct
wics Iovels weswied in wells wpplag unconfined squifecs
for barometric effects. Such o theory has 0ot been explicitly
described before.

NUTATION

A, amplitade or half raage of sinusoidal woil gas pres-
sure Buctuation at the water table, expressed ar
water boad, L.

4, amgplitade of 1 cyclic baromeiric fuctuztion, ex-
pressed as water head, L.

A, amplitude of barometrically induced sigusoidat
water fevel fluctuation, L.
A AJA, Gimessioniess,
b fraction of the interface between an anicsian aqui-

ni

>~

¢

&t
AWL

AW,

“ s F
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fer and the confgiog layer that is in contact with

the watet in the squifer, dimeasioniess.

‘magnitude of Kep change in 2Umospherc pressure,
expressed as water head, during fth time step, L.

magaitude of siep change in atmospheric pressure,

axpraeced us water bead, for » éingle event, 1.

sunospheric pressure Suctnation sbout its meso, &l

(0d surface ot time £, exjrressed as water head, L.

pocumatic bead, L.

poeamstic hesd At e waler table, expressed as

water bead, L

intrinsic permeabitity of the porous mediam com-

poding the unsatoraied 20ne, L1

(w/ory?, L7

relative permeability of the modivm to air At its

prevailing moinuse content, dimensionless.

thickness of unstursted rooe, L.

air-Blled porotity, dimensionless.

mean pressure duriog pressure chaoge eveal, M/

LT

elapsed time sioce step change in barometnc pres-

sure or since stait of & sinusoical cycle in baromer-

rie pressare vaniation, 7.

distance abave the water table, L. .

effective prcumatic diffusivity, determined a1'the

- prewailing meisture content of tbe medium, L'/T.

instaptaneous atzsospheric premure’ changs, ex-
* presued as waser bosd, L.

. portion of stmaspherie prossure changs, expressed

* ay water head, transeicted through the unsatorated
zome-to the water iable a1 time { following sa in-
stanisneous pressure change sl land surface, L.

portion of the atmospheric pressure change, ex-
pressod as waler bedd; borne by the water in 8 con-

- Baed aquifar, L

+ pastion of the atmospheric pressure change, &x-
pressed as water bead, borae by lhe aquifer tkele-
10n in 8 confined aquifer, L. B .

* time fep increment, 1

barametrically induced change in wller Tovel a1
time t, L.

harometrically induced d\nnu: m water level st
end of Ab time step, L e
dynamic viscoaity of xir, ML T

‘period of cyclié basometric fluctution, 7.

Pl lng of i oil gas boad as the watcr wable bo-
hind that st land surtace, ma.

phase lag of barometricaily indnced sinusoldal wa-
ter level Auctvations behind the barometric Sucty-
ations. rad.

Ackngmicipmen.  Ackorwledgaent is made 1 Tium v 108
lekama for by trenatation [rom German inio English of the, "W

3. vom Birsern,
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