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Barometric Fluctuations in Wells Tapping Deep Unconfined Aquifen; 

EDWIN P. WEEKS' 

u.s. ~oaltw/.~.~ r..,..ms2 

Waw Ieveii ill wells &erc~aed oaJ)' tlclaw 1M ..;_..table ia IIIICDdacd aqDif'cn flucR&a~c iD tap0a1e 
10 fllllOipbcrie pressure dulaps. n. dacaaadou ocaar bccaue the materia~~ campmiaa dac ~ 
rated lODe raill air mowcmcnt and baw: ~ &n ~ ... •ir wit11 • .... a.,_,., ~)', 
tfle lrusl&lioa ofiiDJ pRRUre clwlp atlaod JUd'ac:ll il *"'ed IS it D1DWa liuoa&b die asa&alaed; ZODe 
to \be ft1a' table. =it racba the trala' sa.dacc in 1be weD~. nu.. pdiSUrc fDlblllace 
b: aeallld. that ftlabl ill a wuer level tluauatioa. BaraiDCtric cdC:css 011 Wiler 'k¥ds CaiiDCDIIIaat aqai­
r...aabo_by_oflbediii'Onolldcqaodoa ......... lllo_oi..,U.Ihc........., 
..uuc aubjcd lO lbc appropriate IKMaDCiuy tOIIditioa. Solvtioa ID tbil cqaatia:D. ror rwo leiS of boaadary 
OODdi1iom were applied 10 CIOIIIpUte wa1er IC'Id rapouc i.D. a well tiFPia& tbe Opllall PanD~Cioa acar 
Luloback, Tuasn-liaouha...., ............ pla-.O..•ot~ ......, ......... 
taDClblllllil r'tlpUaK .. ulioa ud COII¥Ob.dioa, rallhed iD. a *J JDDd maldl betwetn. c:ampa&od ud 
,..,. ... atl'l'!d.....,. a-&. ... ..._. • ot~ bucd .... _..Jiia vtac amplbdoruttaotamlli­
Wicoas c:ydic ~~~~ aad wa1er le¥d l!a~ pwc iDcc:aislau rt:1111ts ia rams oflbc oa-. 
Dlanled mac pDCUmatic prvpc:nMes bat provided Uld'at iasi&btl GD. lbe Dlbm or ~ct 
water level!tuc:taatiou. 

INTR.OOUC110N 

The waru te.d in a well sc:neaed only beJoow lhc warer 
u.ble ln an unCODtiaed aquiler Suuuatc:s ill rapoasc to bafo.. 
metric dwa&c:s at laod surface. The mapitudc otthae ftucta· 

may be lipi6eaat if lhe ovcrlyfD& uasaturatcd ......i­
thick or have relatively lnw ('W!1'1Deabilit)' to air at their 

I moisture CODleu.t. Consequently. it is IOIIldimes de­
c:onect waw lcvd data colkcted d'DriDa 1ts11 on ua~ 
aquifm rorsucb- ... additioD, il ilwor1hwtlilc 
i&Rd the wat...C IUICI caiUCS oC.thele II'Uc:bWioas oval' 

they ..., uot lipiliea.ai on i practic:al basi.. This poper 
OS the phenomUOD .......,able ror batametric:ally io­
OuCiuatioos Atld ......,.. procedures to ....,., tlwn 

liioultaneous woterle.e!U.d fllicrobaroiraJ>b ·-

niations ;, ...u. rappiJI& -- aquifen, abhou&h llleU 
desaip6oas are muomplcle. I'Dn EJm.m (19SO) explored the 
c11tas orbaromeutc·aue~uauoas oa water levels in a weU tap­
PiG& a ahallow UDCCilfiDcd aquifer in Darthwesa OctnW:!iy. He 
attributed "tbe batometric:aUy iDciDCcd Wiler level ftuctuations 
to lbe f'at1 that tbe "fric:tioa' of' the DIWitUrtlted 'ZOAe maiMiaJs 
proveotcd lhc boiomelric .,......,. from beio& ,_itted;, 
ill euiimy to lhe waru table, -..alhc p-wu trw.­
mlttotl iostantaaeously down lhe well bore. Alfbou&h llis ex· 
plaa.ttioaa ia quali&a&iYd7 QR"RC~; 11c clkJ 1101 ptaeat au cqua· 
tioa pM:miq the ftuctuatioos. He also doos not appear to 
ba .. rocccttized lhe depc:ndeoce or lhc m&IJiitude or lhc .... 
lei' level ftuduatiODS OD the rate_ IS wdJ U Rli&Dit.Dde. of the 
barometrie lluctuatioos. Taloulltld(I9S4, p. 36] c:IJallenacd..., 
Eiznem'l explaoatioo Atld erroaeoosly Slated; in de!anoe or 
Darcy's low, lbat 110 decline in .,.....,. ciao occur with depth 
u air IDG'NS dowowanl thf'Oa&b u l.lDUIIW"IItcd pofOUI me­

dium: F"toally, Gi/11/dnd (1969, p. 244) briefty metltioDs lhc ... 
sistancc to air ftow U. the uoatunted moe as beio& _important 
iD explaiDinc ban>=tricaUy induced ......- le.el ftuauitioi>s. 
He 4- oot prcKDt an equation, uor does be - tbe 
-ism in detail . . 

Several autbon Ie..a., P«ki 1960; Wrn Hykkfllrlll. 1961; 
Turt. 197SJ haw: deserilwt"b.rometric dl'ecta oD water m.1s 
U. ...as tappfD& tballow UDCOftlloed aquiten, These autlum 
bave dc:alt·witb lituatioas;, wbicb the clqith .,-.....,below 
Wulsurft<o is las thari I or 2 m, and they postulate tbe pra­
em:e or elltnpped air below the - table ... meeltaoism 
ror prodUA:iq such elf-. Those elrocrs are elllirdy dllrerent 
from tbose described io this paper. Furthermore, the mecha­
Dism dCICI'ibcd·bere &encrally would not prodnct.: mea.'Wnhlr. 
elfecrsio- shallow aquiCers. 

l'H:mR.Y -

Wirer levels in . ...U. tappfD& urocon!ned aquiren are ar­
reCicd by .......... ;, barometriC .,..s..;. bec:auoe air must 
move ~to oi ciDt. Or~ ovUiyioa WisabuatCd. z:ODe iD order to 
tnrwnit. the prasure cht.aP. to the watar table. Tbb IDCft'Coo 

aic:ot is llowed by the liniie pe<-bilit)o or ·the ,_tui.tcd 
;, 001 mbj,.. to u.s. "'PYriihL ,.btbloed;, rm b!' materials Atld by II>Oir capacity" to ..O.._or rdease soU &ls"as 
0eop11~ Uoioa. . . the pressure char!p. Ccosequeutly, the c~>aop: iD soil_ cas 
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.o.Ho 

Land surface 

.o.Ho Water table _L _______________ _ 

a 

ea"rometric pressure 

h 
~a 

Wafer level 

b 
. . 

. ~F1a I;. EJI".fldl!l•l'hll•irthunmlltricll'f"GiteiM~-~.,.,_,Ift•M.ntal'(tin& ... •nmnftrwwl.-qttir,.,,(.-)lrlo,limt,, 
ICClioa otaa11QC01lhcd aqai&r. (b) ldeaUzed bao&npll ud_b~ J!1mriDa water lcvd response with lima. 

pn.an. altho ..ter.tablo lap dw &t lADd nart.cc.. Howcva-, 
barometric cbuca arc traasmitted essentially imluta­
aeously iD a wd1. 1bis results i.a a prasu.re imbll&Dc:e be­
~ w&Ecr ia dlc.wdl and water in lbe adjaca.t aquifer. Tbe 
prasu.re dill"crtDCC prgduca a water lewel fluctuat!oa. ia. the 
...u. 

TbilplleioOIDeiiOrl ""'Y bo illustnoted by aon.tideriD& the d· 
rocrs or a aep c~wo&e ;., barometrle .,...... .. oo the ,.... 

- io • well ocreeroed only below the - table, ........ 
iD Fiaure I. Sboa11y after the atrnO&pborie ........ ehtD&a at 
..... surllocc by an am<>UOt 4H. only • mcrioa (411,)-or the 
chaDp baa bccll. traAamitted throa&h tbc u.oMIWAtc.l &OitO &o 

tho ....., table.. !~owner, the atmospherie pressono cblqe 
bas beeD tnasmitted v.a.attcD.uated to the water IWf'aoe in the 
...u. Heoco a temporary.prasure imboi&D<:e ilcroated be­
......, !he water U. tile well Atld that in lhe aquifer. resultio& iD 
a . ......- le.el decline equal to a pnss1110 bead dill'eJeaco or 
(IIH. - 411,). A> time ptBQ, boweYer. the eutino pteuutO 
cltanp k trttrtvniUed lhmo1h the rutatn,..ted Fnlle. •nd thl! ......-level-., ita inilial position. 

This pbcaomeaoa. is substaatially dif!'e:reat rrom that caus-. 
izJa: buomctric ~tiom iD 1 weD lappiD& a CIODAoed aqui-­
lb., atauwaa rw ~iaou ia r'Jau.rC 2. Oit Ute buD u( Jaeu6"a 

(1940) IIIOCiel Cor barometric- ou cion!ncd aquifen, tho 
.,..;;.... clwt&C is transmiUcd lastoDI.IneOiuly without atten· 
uatioa throu&h the~ bed to tbo iAt<rr-~.- .... 
~bed wl tbo aquiCer. At the U.terrac.o a portion of 
lhe load ch- is """"' by the cOuftoed ....., O¥Crlhe .... or its _ .... wilb the interfoce cw. ;, Fi&uro 2~ w1 ... 

~- portu,a. (Ale) b boruc by tlu: ~Wfc:r Kctcloa. ~~~: 
within lhe well bon: lhc presmre d>aop: is borne eotiidy b!' 
abe water. Heacc a pn:ssu.n: im.balaDCe cquaJ to 411.-W~ is 
created betwtca the: water in the wellllld tbe pore 
pr..sure imbllai>eo. apreSsed ua p-head. 
equ~alerat w&1cf level c:haDp io the weD. Thw 
bed CODditloas. barom.ctrically ibduccd water ~evet·auCtu&:-

:: =~lhcwi!:.::-::.alio~ and 
A> described above, the water lad io a 

amJilled aquilU mpoods IO lhe soil 
diG W&lcl &abJo. }dOR(I\'CI', LbG 
opberic:-&Ddsoil"ps. 
uasaturabicl ZODC is &OYCtiiC( _ 

tcribio& tbe Gow otiJOil. ps ia lhc 111151trlrarcd 
lhe" appropriate bouodar} couditiom. Equations 
11ow or ps tlmno&b porous mcdla (X..u ., •L. 
Bcr. 1972.· p. 200) seaetally are -.riUeu iii tams or 
;t hr.ine accnme.i rhat · W. p-.vity lr.nD ref. rill~ Pr 
ll1>id poteotial ean bC iprcd. This IISUIDpticD seaerllly 
jllSiified U. evaluatio& !low iD laboratoty ps ~~ 
alld io aaturalps roserwoirs. Howner, rorthe problem orJOil 
PI Ouw Lu lise UWollUUatal ~ •UIIulpbcrk .,.~ 
cban&ea are or approximately lhe wac mqnitude u _the ira~ 
ity term. The sravity tenu Cor cas at atmospheric ~ 
..,....,. ro about 1 mbur/10 m or depth. and diumal atrDO- • 
apberio: j,......., cban&ea eommonly are }-4 mber. On die ·· 

otbet barul. elfocts or ........ -"" cas clcmity, ~ .· 
ally ~ ror ;, -tial cq.WOas de .. :ribiD& -~ 
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r~~.o 1. Eltd or • bii'Cinlctrio: pmiUN dlanp oe tho ... w- lewd u.. -u ~, CODIIfiCd aq1>iter. Nodikd r,. 
F-*~tiJ.[l96l,Fip..e2l).(G)~dti'OII~Ghoodaedllfl!iCer.(6')16a\ized~pb&nd,ydqnph 
........,_~ate-l~wilhu-. 

when tbe prusure cbaosa are u sli&ht soil JU an: coruunt in spaee aod ~r \b(l ti!De periods used 
in thf' l1n .. tu .. ted ZOA~ [IVNA:r, 1071,9- ~~- (ora ... ly~ (of) lh~ penn,_ltili1yoflbe meclillm to~ ia bup 
in the ui!SIItur.ted f.Oiile il adequately de- ~moup. that !be Klinkur~;, [1941[ drect t11t1 be ipored, and 

('or llow or I. lli&hll)' CCI!npm:sibk m the now or soil pJ jq the Ulll:ii\Utllted :wt1e iJ isothermal, 
ot bead. ~Lho:r r.baD pn:uure, il UIICd. If l.be •ppropri&u equ&tion describing soil &U flow ill tbe un. 

tb&l \be" llkal JU li.WS appty, lhe com· .. lur•ted ZQIIe is 

'"-'~''""""•~-;- 1/P,wherePistheJDe&Dptesm~ Kk,."illt "~ .,. 
~:=~:~~=~ .. );: Ji:'""a?-7'ii 

poi'05ity or apeeik ytdd. dimensioll- or 

(I) .... 
II !)Aeum•ticpotenllui.L; 

11,.o lir-lllledporosil)o,dimemionle.-; 
11- dyaamkviscosityohir,M/L·r. 
X ill.lriDsit penuubility or- !be pM:Ju• medium' com· 

p!15iqlheuD.I.Itltratedzolle,L'; 
k,. relativcpea,...,..biJityl1flllemedlumtoAtratUsPft" 

vailiDgmoisturetootMI.climclt3inlllas; 
I mean preiSUre during preaore ehaat.e event, Ml 

L-T•. 

"'" W1!!1111:B.UD~FLUCT1JATJON!tlfWULS 

Fq. l Dia&ft-u.: reJftKIIWioa OftlltJtqldw!p IIIClllod Ia 
~barollt&ricelfecuOII.-rlnds.lhetimetca!eslllo""IJI 
F'l""'tt)OIU14l6arciclal~l.(ll}llypolbetalbutlmetritp~ 
~_,Lhll!IIIIUiodlr.IVpdlaqaiiiNI!I~III,.(b)HyPQ­

thetical llrd.....,h sbmri111 elf- Ill barofne(rie prenvre d1up 
~~fii'U":Hr~tbo> ... tc:ri.....Jiaawdlteppilla;aa."~!'" 
hcd~~qu!!«.Dutledliael~tllctrtDCIIblt1blftla1eftl 
-ldll..,..ll>l'-'"'ILM! .... boo-ri<-~lt&llilin-l.tLbooDd 
or!Jiecimntap.·• · 

nu. Klin~Q"'"a e&ct ou-un d,.,......,..aow duwp. • ClAp· 

iuary 01" poro01 mtdiWD lll'lae:D, at loa: ~teaurcs, the lt.11&1h of 
the maD rra~ path of the ,., mola:ub appmachel the dilm­
ett:roflhccapillaryrnbeorprn.UDdcflllc.eamdiliOIUtlte 
Klpn-~lsltuUie yt;lomy CliSUibi:IUOII DO knlicr balds, 11DCe 

IOIIIe&U~tcudtoliipaJoD&thecapillary-UThas 
fbrY~be,ll'aiacdmaterilbthc'UttriluicpcrtDCabilityu 
meuuredbyJUIIO"'IUC!tf:dllbDlrt1ftSIImdbvli<lllidllow. 

1llc q114DWJ iD {I) in pamuhela bu die uniu TIL'. 1od 
itsreciprocal.wltbcl.imemiomL1/T,iatenaod(WrW, 1978) 
the eJI'ectivo pnuawic 4lmlaM!y. The efl'cctive pM:Umatic 
dill'...rrity .... ,.to. .... c..t ... lollllped.~tbatilldlldca 
bollltbcprvpellklofllleumaturatedlftlttrimi!Odoflbe 
a~ilg:u. ~tkdiB'utmtywiU.hcm.fterbci)'IDbolizedG. 
Thus(l)11111ybewrit1en 

Eqll&lioa (2) il !be - &ll lb.ll pre=.led 
[1904] IJ11J billed to RpR~C~ttJOilpslowia 
U>LlC~ttht.~rL>(thiopr.pu. 

PM mort situaticnq, soU ps 8aw it~ tbe unsuurattd 
wou1d bo ltlbject to the l:lcrllQc!ary cotaditioal 

pre.uf.:varialioo 
~rklerlbc:dtleP. 
171rttqr'-,..~ All,..fulllld,pnl'niii'Wbtwl~ 

t:stimatin&elfettivepneull!&bcdi!lmvi\yoflheOilSI.hiD.ted· 
maebro~ttbeactualt.rometricprc:s:tUn~ 
wilb IQaeua .nt:tol~te step dlmpes, 
un: ). Ttoc:... seep <;buccs may be UMd Willi 
ues o( pr~eumatic ditftrsivity to compute water 
tiou IJSiq {2). Tbe appropriat~= drec:tive dlfi'IJSivity viLI.ua,iJ_ 
that which provide~ tbe best 11111\eb betwee~~ comptlted -~·­
meamnd wt.let kwh · · · 

11»e buic procc:doi'G involval in tile fttp dwlp metbod·D 
todetenni.oe ~10ilp3 bcrad dlaqcat !hewatertable'prct, · 
d-...-1 by eacl> &Wp to.~ ma..p. Vd•1 tho priQdple ol 
superposilion, lhe local bead chanp &I tho wattt.tlbJc'_al •: 
lh'e:ntimeistbellltbofthcc:b.IDFSca!UCdbypra:ediDc11t;)· 
bammclric thaqes. For a lbulc ttep cb&a&e. sud! a lba~ • 
mowa ln Ptpue 1, u.e poeumaUe b.a4 ciii.Jt&e 111 the -~ _. 
table ataay time 1, &DUmU!aaa hliti.ltc:oaditiua o((IJ • 0;0 :S 
r Sf). iiPwa. by CuslawtiNI Jaqu(l959, p.lJlj u 

wbcrclr,ill~pa~~dat·~~tabl£,-I.;J.~.~~ 
thic:baea o{ UIIAIUnr.ted zooe, l.;·t is the_dqptd liltte-IIIIC!· 
scepchao&eill.butnltetricpres:sure.T.udothcrJylllbols&rc 
a<Jclli.ucdi<LtbollOtaUuoa..W.,.,.ltlli.lc.o.psCIIIIoCdlDI~"r 
-terbead.,lllebuometriaDyillducecl.,aterleYelclecllilois 

(2) equal_to tbe bltof!l(lri<;tbUJC mU.uathe.uil&" hclld 
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IIOV"t:lflr:01,11!70 

~,. ~WL Ulhe bvomctrio&U)' ind.U<Ied -ccr I~ <:ba.taac 
'Utimct,L.. . 

The baromccric effect oa tbc Wiler ln-cl io Lbt -.n=U a! tbe 
l!fld or• civea ti.ol.e rttp IJ cmnputed ulhc sum of the el!"etu 
").lfcadaorthcp~~cpc:baD&csinba.rometricpJwore, 
~hcvatuatcd.fortheela.pscdlinullineeit...,USIIm~to 

'!a~~e oot'llmd.. Tbis mmrnatiOJI may be expressed ID toq1Uition 
·~lmll,aO..'IQm111f:"'lU•IIil!wtlt"p&.•l 

wheoc AW/.1 II !be: buUIDCifkally ID4uocd cb1qe Ill 'I'Utt 
lcvelatthteaclofthc}lhtimcllep,L:,H,isthe!Dipilwtcof 

ltepeb&DcoinhanmoetrlcpiessurebeiddllriD&Itbtinltstep, 
L: /Jlis the tial.escepincremcoi,"P,aod ot.bcrrvmhahueas 
debtdabovo. 

Tbe &eacral forn:t orchil equatioa U attributed to Du.lwDd, 
UK! die mclltod. bas been \fidel)' uxd COT ao&Josr1111 problems 
.,rsnowa"-r.rll-[~diUIIkcJ,t915o4;l'lro.lcr~ttd., 

____ , ........ , ... , 
-.- ..... -...... -. 

Fi .. S. Co.puil(la ofpmfia~ utd IIIWUA!d .-.ter ~ 11 Lubtlodl, Teus, Rqioul Airpan. duria& lbl period 
N.-... bcrl6-23, lt'lO,buoit..,..atbcbcollltl"'"ma!loodatza'<ityc"-afiUIIIIManal.,.,.afdalofor!blporiodNa. 
--'-El-1970. 

1969; M~ ~ d£, 197-4). Alihoqh (7) appears o:m~putatkln­
all)'fol"fllidabk,itlllaybeamveaierrtlyaaddlcicallypro­
punod £01" a 4ilital oa.nputer Gt:DeraUy, only a rew temlS t>f 
lheinfuUieacriallaeedbeCOlllpUteclla lbeiJfG&fUIIWriUIID 
r ... a.......tysn<ielerib.dtwlow • ..m...naluotiooiotluolted. 
arbittarilywbeol.lhelasteolllplll~tcrmiltlaltblllllo-. 

APJI&Itiaao/tbe.U:pchu~mcthadlOcstimateclli:ctin 
pDOIInwic dillil$illily u dCIIIOBJIA!od ~ Wiler md &ad 
bNomctrk data f-~ at \!HI Lubboca. Ta:IB, llca;toul 
Aiqlon. WPcr k1oel data from an Gb8:1"'4tioll wdl a:teeaed 
AJadc:pdtotJ9-40mintbe~FormaliMo11arcTu­

liuy 'Ill and buonrelrk dala tnun lllc N"atioruU W-=ubcr 
Sctvice mtiDD ac !be 11iiport. loc:ated •bcnn OS km lrvm !be 
well, -.eu auafyud ror !he period from !ZOO houn., NO¥=>­
bct6, miti11200bnun.'NO>'Cllil.bcz" IJ, l!nO.Forthca.a.ab'A 
lhcrecardwaadM4Diilftol4l~illcfcmt:DIS,&adcompu­

taliO!Ia~.u.4elllia&riabt4ill"crmtvaZ~o~~:•fOI"p!WliD8tk 
dialasivity,l"lll&ia& l"""-O.OJltoO.OM ro'/1 

Tbc bQt overali.IIWC:b betw.u·llmll&led Ill([ mcuuud :~:=:=::::=:~::;=~~~~::~ 4tll,asckCC~cclbyiiiii:IJccdveautPabJcy.:,•uobta!Dod 
usia& a pntluUiic:"dilfusivi.tY value oi0.09 m'/i and Is llllnm 
in F~ 4cl. The awd!IJ qWtc IIJOd, altbOUJh tlu=re are 11&­
oi!CI.IIIdcPitlmaiDparuottberrcord.Tllofl=oo:a~lrilla 
durin& tltc 1 ant Q}3 may be panially attribuud 10 t1tt: d­
l"tNoraatiJD.iq cqullibtkm amdltiotu •t the mn otmu­
lalicJD lrilb (2). Abo l!lt .n:ll!Uuml ftm lc'fel. is ~Dy 
..,.,.ma.. th ...,...,,.,.., Will• .._.., otthe 111n oiU.. ,_I'd 

a!Uihi.Jba"attllctad.Thise&Dbialtributed!oal&owupward 
IRDd iD the water table dllliD& tbe period cawed b)' 111a1nry 
ol"'*'le¥olsi"o.UowiaaocaatioDofpu.m:ptaaQroc:artPylni­
ptaoell'd.Lsearuerltltlterlll.l'in&Uy.meco!Dpllledwatcr 
kvd is~ in plwt rrom !.be IOaiiiJed wmr lcvd. Pan 
oflbt p~taxldY&aol:m~JbedliCtoru!unto~rortbc 
dl"cctJoldelavect-observatkluwdlftlpOQiollie;tbeaufysis. 

"lllaraulut>fusiq.a.abstanlialJydill"crentpaelliUliedil­
fuivhy.-nlaci(O.Ollm.1/s)aredlownioFiplre*.Hotetha1 
lbe~~~eoCtbeJooNerd.ift'urivityvaluerauluinalafCUam.pli-



P'"~ 6. MKrobaopapb ud welt~b ftCI!fdiObuiallll. 111be Labboct, Tau, Rqioul Aifloendllria41ht ... 
""Scploo•'-14·21,1,..,ollow!,qdloo~ly~,-.:lio.-....._..-talk_p41_ndi)AIW)'Ili.A1Srl 
UOWa ilt.bc IUidl obtamalllliqa paeou!lltlc dia"atmry olo.DS!IrrNaiadltRepdwrpODmpuWigaJ. Nolll!lw lbe 
IQJe!ort-ra~~~ttriodl~~etllllitlaUtWICI: dwforf'ila..,.•IU!d1. 

where • is the: pbae la& of toil."au prmv.re GuetU:.tiou at !hi: 
wa~tabJebdliadt.be•~~rovariiDo~a,iD.tadi· 

Tile ~rio lhlotalliioD I>WL b llpiltoqua.IID th11> cfif· 
f~bctwDealbebarometri~prtS~~m:ltb.adswt'aoeud 
tbatutbeW~tabte,~ · 

(II) . 41f'i•A~Iill 7..:A,da(~+4>) (II) 

..t,-'"·(~w~c:osw)"' ('> 

theamplitudeofiOilp~pmsllR ~DIU the 
iD terms ot.rater head. L; 1:- (•/crr)tn, L-'; I w 
froDlthawatcr table to land wrtace.L:. aod otlw 

desuibedlntheaotatiOQsedl(lo. 
it cu. be thowo., Ute CO!Didenble alpbraioc: ma· 

nf "" f"llprnoW... slwon hy c ..... ta. ud .......... that 
lq•orthe~~>ll&aJpn::ssun=at cftewatertabAe bo­

O.tbebuisof'l!l~forma.nalysbiM.W,..I945,pp.I.:.20J 
0.. U:.plim,..A,. a( the Na~Itaat ...tct lom:l hc!IS&Iica 
would be &fWD by lhl= apresKoa (..4.1 + .t,•- 2A,.A.1 0CIII +)'n. 
DMdiDilhroaa,bbyA.udletliDIA'•A,/A.,tllise:r.~ 

"""""'· 
A.JA.-(1 +A"- 2A'cos9)'1J (12) 

Tho ratio AJA. ~eomputed for a~ ol~ orkt by 
... ot(9) ... cl(i0)1Dcorap~~taval-l"or.A,aad._;.biobwon 
tbcn nbsliwted lato (12); The ran1u of tbaci c:o:mJ'D.I&Uolll 
uelhowD.paphic&Uybytheapper~alaF"~,pn7. , 

As lbowo lrllhc.J&u~ tile amplitude of tho waw level 
ftw:tualkmmayeu:eecllbltol"tba.banlaletrklluctuatioa, 
w!Ucb &I ftnt &[ua= appem paradmical. ."J:he .Pkmomtraaa 
OCCilB wbe:a tho plwa_lq of tba IOil. .... paeum&Uc: head 
~ ., lbe ••tn tal* il ltllarl.y 110" bdWid the l.lmO­

iphc:rie PftSiaR c:hao!JC. UDder thil co.dilion tho .mil ps 
beadisd~liailllln respoDIGIOiiulpn=riolutrouahlnbmro­
IDelric prasun at Lhe .u.me time liiiU tbe buometrk ~re 
iloili.ll&- Bcau::lltowawlncl~bcquall(ltlleiJ&c­

bnic:dlf!"I=R:Ileebetweea themilpslwldatllui1PIW table 
afld tha barometrie PftU1D""G at l111d nuf-. i11111y ea:~ lbc 
bvomoMc pressme c1wt.1e &loDe, IU lbowa ill l'-'ipn a: 

The pbase lai o( the waw lcvd -ve bebind the butlmct­
ric lluctu.adon 'Q¥e Is li¥m by W equ.tion (Aiomlq, 1945, p. 
161 

(13) 

t.hl.tatlaudwrfaecis&i¥eotrytheequatioa 

·-~m•,.(ronhH·tu.lrf) 
whue'f'isthephaselq ofwaterlavelftllc:tuatjoubehlnd Lhe 

(10) ktomecria lhom .. tiau, irl ...tu..o... v.a._ or .... -rc &loa 

,; 

f'· 
·It -~-­, .. 
., ~ . 

OXICDplltcd tor vutcnu val~~a or kl. OYer a tarp,.. or ¥l1-
Ue5 rof kJ. "t D "Pti""' Lodic:atioa lbat the water lnd ftiiClll· 
a\tOIIS 1m advuOid iD phase ill rdaJioD IO the b.rometrie 
ftudllliiDm. Tbb advaoc:e ill pbax 01:e11n becausa the wave 
rorm dmcrtbiil& \llew.:ii:rle¥el hclt&allou rq~fQeau tbe dif· 
fORDCe betwuo lhll al!QOipberic prqsurc Wl'+'e aDd the IC'il 
.,.S~wa'I'C ai tbe water table. Thi!iifllerf~ .... c 
c::ubea4vuo:edillpi.U.•nktioGtollwa~..,...., 
em~ thoocb the soli &IU prtimre wave .,.., li&l Lhl: 11m!>. 

aptw;eq-.c. Valuelof+, the phuelq oltlu: watar_leYal 
llllCIIWM!:asbe.btadtbetratomdril:Jiuctuatiom,arcdlcni1aby 
lbetcrwe:reurvenal'lpro:7. 

All utimatoe of el"cai.Ye pneumatic dift'ui'l'ity was ruclc us. 
lq;iJieratictoltheamp!ltudeofiJiewarslevelthJd;oatioasto 
lhebannltttric:~tioDlllbtlbe~;Tcns,·airpon 

1ite. Twoperio4i Weft chOieD for tbiiiUIIIys1$, ia<:l"lldio& OIUI 
rrom Scpterober 1 tot •od lbe O!Mr(1bowo iA PiprctJ) nom 
Sep!eGlba 14to 21, 1910. Tbex pcriod.l were o:11osen becaaue 
tlMoWIUet-..elc&u.a,......:.c&ql>it-periodioaodrim.ultaD­
Witet' level md b.romeutc reamb were anilablc. A lint at· 
umptwQmadl!touxUM:amplilw:laratiororUllliYidul 
4aily"recordl,butWresllitswereiDccmdoti>oeowfDJIOIIIoda 
sc:aw::r.tt£DCetbedatlyri!IFSoiWiterle'rd.QODAnllDtlnt 
Suc:taatioinwcrciUnlmed(oreacbperiod,mdaaUilplimde 
natiowuaimplltedli"ollllhesew.mt. FortbEperiodSeplem­
ber24 1910.1be wm o(tbe daily raaJa Dfthe water ~ls 
was 17.7aomdof!MbUOUteterwas21.S cmor-ter, n:· 
n.l.tiq; inu UDpl.illl4e n.Uoa£0.116. From Fi&are 7. ({w/ 
..-)',.•1.06attb.tratio. 'Jlnua•/"'w/of.I.06)'.TbEdeptbto 
-/Oqoa.&nm-..cbOIIorit .. &adr,dleperiod,aqAbldl.y. 
CcmsequcoLI7,cz•4100ca'/d.orO.IJ4IIra'/ .. AIImillrai!aly­
lilortbcn:cord£ortbeperiodSepwa.bcrl4-21,1!nO,-n=­
lUlled i<IIQI.uaplirudo~~raijoof0.79o4.uda pueumatic diB"II..Ii­
"1\yOfO.OSI!II'/a. Thae...auesareknnrtbaotha0.0S9ar'/s 
detel"llti~bylhestepchaopiiiC:lbod. . 

N CIJI be. Rtll from fi&we 6, the banwKtrk ~ wuer 

le'I'CIII.oauallofilllrt oDiy px~rty repmen~ by i tiJ!c cUnot · ."·' 
of"dailyperiod,lOclth~~indudemtad>11011i:ydic-rin.. 
!bo."Two'~c:conopon~uan pracai bowenr, iodocliD& · · 
OAe of diurnal period dtllil primllrily due totbtl:dfCc:u_or ·:. 
beo.tift&oftbc air duriq; tbcdl.yli&bt boaJI, ud.cme.ol.ap-" ' 
ptOX.imatcty aemidiunu..l period, that is dac to the pYill.> ~­
tiooal pull_ or the lllODII aad llto IUD. Comcqllnii:'Y, a •IW- , --. 
ma.u....,.~ya;...,..m..teorloothtbe~""'CC<l""-1"' 
kvel llietoatioas l'oT tbe two September periods, based .oa 
read.io&ltt~adeall·bouriotcnals.lO"P&11tethadiur!li.f1Qd '.( 
•IDidiuntal CIOftlpmtedU W'itbitllbae fiiGI:u&lioM. The!aihiJ,.. ', '"# 
JellliereiDade osill&tbe l'om pro&ram trom lbe1BIIl1~ .... - ~­
tifteStlbloutil>ePatkaaeiiOdinl;lu&otltmdlqtholdiunaaland _~-. 
Anlidiuroalkarmotlicsfaz-eadlse~orNCOtdl.both.ror·tbe·.:. 
llb.D period aod tbr cacb <b.,-. 'l"b£.c aaalyar; diciiiOl su~. 
llaDtially~the.-.tt.aftbelroJtitudefllllo~. 
For. the period S.pterobeJ 14-21,"1910, tbe 
&ad tel!ll4illt11&f.batmooics a.Q yieldf:d YJ.IuCI 
dilll.lai...Uy•pp....un...te\yocpa&toG.OJO=.IJa, 
¥it)" vaiUCJ delmlliMd rrorn dia!ll&l haratoDics 
Yidualdaily reeorcti Tlllltd rromO.oiitoO.Ilm'/iud .;u. 
qed 0.013 m'/s. Dlmlsiwitiel eompalcd from !be amplituclr. 
n;uo ot lbe 1emtdntnW 0\!Clltationl bucd OG cla!ly recarc1J · 
lhowd a Ntoilar nqe bvt r.venpd.O.f»ol mJ/L 

Atleastpannftba1ridenoaeorv•lll~detenl'lU!edby.t,b;l! 
an>ptiludt ratlb met bod raultl il"om me:uu~ errw.INr~ 
illl times when buomelric lfld water lcvc1 lt""oaiioM IJCI 

OEU!yptriodic, thea.noplitullc:oftbE OUCN&Ii.onaUtypic.ll)" 
tdatiYclyuaall.(s-y,4-SanofwatQ".beld). Moreover, !.be If""· 
eunc:yDrtho4•c.,..,.tbc.miuobeNp.pb.ouodwaf:"rlewJ 
cbaru woe! b!. tbe aewracy of !he data fnwl tbe·micro-_. 
bua~~tpbarutw•terlcw:Jcbamtuedia.lbeabove~.b __ , 
oftheon!ctof:tO.Jcmofwater.Trill«!IUpUtatioGSIUII~IL'" 
emm o(this ID&pilllde indic:ate loll. enor ill eomputccS ~- ·• 
roatic dill\uivily ol1bout :Kill Addidoul error lllfiY resuh 
ft010 asnuoiq: that lbe omanmr.ted-moe propenie.l ue UDi-



ms 

Time --+-

fil.l Di~t.ltrqJH*I!taticanof~bl!romctn::dllmp:iudllliJpspRaDteo::lla.aaclllllll~-lahlrr .. 
oondltlclupodi&Ciqlarp-.. ptiiDda-1~11-..cian( 

with dep\b and that water level iD lhe well ~hoM iastu· 
~~~~. . 

tbcomicalanaly!isoltbt;amplilvde.,.tio 
iNi&BLS 0J1 bammetriat.lly irldDCI!d 
panicular,tbcmtJ~~ilvdcof-cer 

uc:«d tJw of the barometrie lluaua­
llhu:t!Wioup~ an: ad ..... occd 
111o: lnu..-rk: Do.,;walloa1. l'or lite 

tokltatirylhepaell~itprnpertiaof 
blsc:dOJtllllll)'ldoftbetmplitudl: ... lio 
hvometricaodwaterlevddut:l\llltions 

:.,cc::·::c.::~-'- dlaD&e method isthlll recom-

tilied. .. adld\lsiwily~ddDed by Wtrb(l978, p. Jlastbe 
eB'ecti.ve pDADWic dillbsivily. lectlltC Dllbe poew:aatic dif. 
faivily of tbe uuararaud -e. preawe rapoue io the soil 
au at'"" _.,.,.,~.,..,lqo that alaad rad'-...... ,... aamo. 
apbtrlc pnuare chanaes ve tn.ot:111illed iDstao.~y 
down the well bon=. The dill'ereaoe bctwa:o !he almOipbuil: 
~ezavdom 1M water io !he well bene aod l.bi!IIClil pr 
Jlf'IUI1nl 'e.eneo oo waw lo cbe aq\IUft rem.lll 11:1 a waur 

""'''-Aay sebeme to prediet buometrkaU)' illdiiC:ed Wllter lt:wl 
lluctuatioas iii wdb ~~:R:~eoed below U.C wako" table ia deep 
unrodllcd aqwters requires ao esdma1e or 1he pae1111111ie dif. 
I\Liirity. 'l'bd puamcter may be detetiQi.oed by JUidWI& 
COroptlh:dtoaaeaared W&kJ leYcb forvariomtrial dibUvity 
valaetorby&AIIl)'Noflhc111lioollhc&"'plitaolootlha ... at$r 

II!Yelluduatiolu.totb.toftbcmDII:Utl'fiJibllromctric:ftuetaa· 
~Applicatitmoflberwoproc:edurestodAtaotuilttdal 
lbe Lubboct, Tu.u, RqioQ.\ Ailport iDc1ic:ua: lblt !be trial· 
a!Uk.ttotp~~te.is-ac:anttao4tbat\he16i!'uivily 
dl:ltnllloc:d Ill Ibis l!IIIIOeT e110 provide reuollllbly aood prt;· 
dictiOill of bnomeuicall)' induc:cd water lewl.lhactoatio<u. 
MoJeM<eP, rhr ftocla.cion~ ue mdo '""' ot..ym"ltl D01 JVI'"d. 
blybee.plallleclbyasbapkJbato~dk:ie:ocyDOITCC1ioll 
uappliedto'Wllterinelsillcooblrdaqai&:n.Cour.queat(y, 
ther.beorydcs«ibrdiotlli.tpapersbouklbeusefultoeorrec~ 
"'~'"' W.eb ,._,.,,.,.) U. wclb cappiDJ uocoo..!blcd ~~quuen 
l'orbllrometrie drecU. Suc:b II theory has oot ber:D upliei.IIJ' 
daaibedbeCore.. 

A, ~~.~~~plitodcorhalfraoccar.m~~M~idallllilaupre. 
rwe lluclllatloa u ~ water table, expressed u 
-·-h...t.L. 

A. amplim6e ar a C)'die baromolrit: l:uc:tutiDD,. u.­
~aswuerhc.ad,L. 

A,. amplinxte or blrometrically illdaoed siouso!CI&I 
waterll=vr!Ouctuatmn,L. 

A' AJA., d·unmiiOlllm. 
b fl'laionoftheii:Jtcrfacc.betwtt~~IDana:iaoaqo;. 

feraodWm~~!u.fDJbryerthatisiDooolldWidl 
dN:wa.tctiathc:aquifer,dimeosiODieu 

H, IJII&Ditvdeofaepclaaapia.atoMaplaeritpraaure. 
expmsed u water bud, dwiJt& fth time nep, L. 

H.Oiapitudo::ofstep~illatlllolpberieprasauc, 
.. ,.--..~ .. _....,he>od,l'o••ftnel"'""""l·'· 

H, allJIQspheric: preaurc l!uctutioo •":out ill mcao, .a 
laodwrfac:ellt=.et.~as-tabea4,L. 
pm=umaLic:bead,L. 
p!!Cilmllicbcadatthewalertable.~as 

-.terbead.L.. 
K iotrinlr.c permeability of the porous Olelliluo c:om. 

JIOiioltbCIUDatoraled2onr.,LI . 
.t (.,/,....)',.,L-' . 

.t,. telaUve permeability of the au:dia!ll to air at n, 
pmraffi»& ~1\Ue. 0011.\elll. diraetmoa.ICIL 

f~oruaa!,....,lld_L. 

"; =~filled:re'"J~=!':dw,se cveot. M! 
L·.,., 

t elapsed~ sioce lkp ella.np iD buolndne JIRI" 
rurcor5ineeiiii.JtOflsiousoidalc:ydeiabaromet· 
tic:~variatiDD.T. 
dOI!aDl'l!!a\onvfollle-tel'tat.le,L 

o e!'ecthe JllltwDalie di6usi.Yit)', deter:m'izted at the 
prc.Yiiliqmolslart«JDlaltoftbe ruerfulm, L'IT. 

611. U!AutaneouS uaospberic pra~Vre ebansc. n· 
•pr~uwaccrb...U.L.· 

AA,·portioi.Otatmmplmic~dtal!p,U~ 
·., waw- bead, ri'IMmic&ld throucb the WIAIIIlllled 
IAXIt to the 'lfller table It linle 1 followiqan in­
.Wtmoouspreaurechlqc at laad sarfac:e, L 

~· =::::~==:;:::.~:.·c:~ 
btCiiaq11l1'1r,L 

·tu. portiooo~the~prtSSIIrtchaop, b.· 
prr!xd as Wll.tel' 11ea4, borDo by tbe aqnller **-
toainao;;ml'urcdaquifer,L. • 

~~ :urne-'epblc:moe~~t, 1', 

&WL buametricllly Uoduu:d c:haop ill water kvel &I 
tunei,L , 

AW1., hi.YO!D~rially i.tKlua:d ~e Ill Wll.ter Jevd It 
endofj\bcimutep,L.:: · ' 

11, dyl:llmkviaco:lityoh.ir,M/L·T. 
pmoc1. or c:ydic batottaetric: ftucluation, T. 
pt..&lacurlbc ooilsubudattfu: .. atQta.blc bc­
b.iadlballtt&ndwrtaee.rld 

'I' pbuelq;ofbuomeuieally indoced sU.usoidalwa· 
ferl~lltuaulllo!JJbrilindlhebaomaetricluccu­
llions.rad. 
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