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Preliminary report on Ground NtNements at 

Halpn., Carbon County, Utah 

by 

D. J. Varnos 

Abstract 

hauses built upon an alluvial fan at Help:2r, Utah snow cracks 

and e' er damages. The present survny has 6mo-i2trated s l „2ov.31ants 

o. i Trosind_ surface eat generally larg3r TIolmments of %11.0 house founda— 

tion. T:-L•ee types of ground InoveaNA are indicated as possible; a) slow 

r.3vom.,7,nt of the fan material over the underlying shale ,b) movement 

within the fan material due to removal of the fine particks, and c) 

77.tant;:; '2.ue to shrinkage by drying of the interstitial clay and sr' in 

he fan. .valuation of these causes depends upon factors not now known, 

such as the distribution, :Javement, and variation in amount of water in 

:,he fan, and upon the location and shape of the unclerlyinz shale :Alrface. 

'2.ecaay.and.ations are mde for reducing the water content ci he fan, for 

exploratory drilling, and for Audying the methods and materials of 

construction. 
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Introcbmtion 

Osiinsional. Grading of }-,ott:L'eu, breaking o;" rd 

ins of the veand in residestii. et triat ce1.1)r tume tven nott3ed 

far about IC years. b 19/4 and 1947 the hoes= 'aro sartous 

with is wry Aivere oritakir4; of cov-wr,14, now ot .na ond eoritizrwie 

trot:1U 4*. the older boos. Th deraaeoe within an ' , roe of aeonwhrt 

Taws than et oitir him& osamed t; c; lot;s of' .714-44.r tZlouat.ndr of dolivrs 

.4ersq-se of ,-,roert; value*, nr.3 the neeetv-it for find. 

t:ho aztr.r,e of the tia,--vos .eoaryt 1.trvrst. 

The Durpose of the vOrk war•-- -leelogie and other ',,..t.nda-e obt,Lin , 

im-ormation that Ito, 1-*/ of raluo in fOLUGO of 9.!4V to 

the houtsea.Th coo ho a refit-le"! to LIA7TYL-V. the 

isurfiaiza, csaciagy Sad tiP3 Ogr.C.jAys ki tori me-ftinGtien tho 

hOlt3404; , deterLnInr owmein erculdi moviriL, n to 

71044P-a--iiw inch name of the :c-43tves F:re aattlinL. • hgrieet tirbdo no 

?Au1r of the neolhode of atrt2:tivn loyed on the '-toe.:-As or 

c.f.* 4-ale urterir.lr d. 

- .,roblett was brouistit to e.t.a r.:ttertion ol" Quo .4ological ;:uriftry-

leeembIrt .947. .!*,t thitt Lirsa the R.roprI writ v.tait,ed by --r4r. 1,...Irnt, 

-eolociet 1 ..'Lite :.;itilf t a.-172any. 4tb aeva-t61 

c;14.3r3l GeoIo4osa born 

&rea earl;y is July, 1944 h1 itir r-ot 2-rls4,,rts 

tht) o4tr.ined throuGh, the Aikk11-3 of F:Altobrtr, 194C. 
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The mambo' end horissatel aartmil wen dans br the welter end 4r• 

;iaLard Yan liorn 4t1 t teatimes of LePav Tuzker mid Peal 

;is, 'aveliqg was %miler thy- .?Ireatiam at N. i-arett ;goon. City 

offiAals kiadjr rural:hod beala at sad matortAs 14) uid th.1 stmt. 
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losor/,,tion Lhe Ixen 

113r L L Cuban !...ounty, eaatmeo-Atrel Utalle an U. aighwo 

w - n4 e :lab lino of he Itenvor tz1.tc. 4ran.e wztern 

P0a (4Z1* La ,r,T. ;14 fie. it., lit pocket). 1:404-Alr t rizarilz a 

'o1,& "ut It alto '.-teritrerc,, /000tted uithin a vim- active aml 

diArtat. ThenAareut lin3s -re .ervral lilos wr f-ron the town 

d ,oriaLtiton !me ic tal &itttude 

ttx t f',X :04 t abcv* $ea ippal, 

bulat au Aro= terrines's -.lid e:Iluvittl fan lOrth 

cilca taio Annter, whorl the evehlwerdsielowinr river timer, &lam 

(v..1 zrtt ou.01 the Book CUM* j'ho Iowa' And nt:1' clown of 

tho are Tmded from the Eancot alcles the ill tr2r. 

formik; weldateose below, to tha tris aint annatitons and tne 

orrAat3.,111. All thew) moll! mrs .3( ;Tvitawous use. 7bm lever nic9ea 

tegittheV Ath uiver cliff, fatn 11!)-...upt --Aarp that ri. 1,20e 

to 1, tat shore the no zit a towit. 

The nest severe ermace to hooves has Beal fiLerti - D S streets in 

the eortheeet port of the town ane wit:Am the tlkoa sari on rig. 1. Inv) 

houses hare are built urea a antt.v.mq t& southw3tward-alontftr Pall of 

wash acterial ,7tartved tram the aopeo oliffe i)1 toto .1.10 

Tbia isbri cam of aandr,tom Pringments, isilich he or 

washed ovm in -er 51.0'10124, embedded in olaT, r_nr: darived 

from ticath=viar of tLo sale of tho Jertynteti, si:Lrtook. 

( .e Mr. 2). ank%torie frementa in tho fun matelAn1 wail- in oleo rrom 

small pAbbleto to angul-x blacks 1. feet la diamot4r. A large Timortioe, 

ef thoo %sir the are to 4 te--t in flinuator. 

https://antt.v.mq


Fig. 2. Fan material overling •hale, 
as exposed in railroad out. 



	 	 	

	

	

	

	

	

		

	

		 	

	

	 		

	

		

	

	 	

.far tt rs knout olutio ':7177(tirn,lk has not boon .reaahad Insionrotiant 

for ia% i thr irit.ido eatiaPto th t ran it, probr,.b17 

5erp.r.r1 ter4 tern 443i* Aorta the hou.se zit wion it, although thccre 

is no (11.rootwidow* .:.3 .̀ rori !ails sr bovinge. ?Vs oarti...ctv of the ohaa 

fiat awer 1,so lritnatsx, ?Alt it f.ti 7robahly 

:11firov1nr. Ago fart hew: 4 ;lhe north i tnueues _toil by riacvs 

of sh.:;11a, a It is, iii],y that thL14 rifiyoti mouthuz.tril beneath 

aot-Ir c ttiivio1 debriz• The slope of Lhn Thn tittrfoosi z)steen 

tine etti 14 to IC feat per !mired feet* 

Ale ..,urfeao of t.he fat lo cr.It t no:arms Is ih.7uiel3y 

3oncantrste the mr4ff irin ow/ rainfoll• :..A.L%off in vrai or tlie 

1,74.1:ar iskresis it: ,..ii•Avrted tir tits ky.1.1:hortil :rs Lciabanizaetot 

to a oulrert lasnes ballast (sae fig. -water frcui 

thc ott"..vart oardinasel4 enters s llow gn117i thn ftenrit lot detioler. 

109 see 1.1-3 t.,14bot, N.n4d. ptnial into ground tie 

ditch e'lang ths mat side of 'letttt. 1xrtlz: vorr holm rotirz 

vater arvzsea 7iott Imo 's throut:h the flume atm- the 

irrigation i!:iteh and eig4berges into tin alloy back of ths houeats 

trelet. rz.ot have; an oparity to treaty the) laremnt 

of wzdivlati wetteA3 ‘143v.t;r; ',14) pert c: Arect. 

4* 
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340 preolpitation reeordo are 'mailable ?Or '.ice, but t iieathlr 

Doreen Ante Or ?ride, e mile* to tba oeuth, obeys the evorege =mud 

precipitation tote 10.21 inn e: The menthe of hilt reinfell are 

Imeltrt, z;ortenher rind Oeteiber. Durinr thole 'seethe tip" lajor 2art 

at the -Teeipltetien is dw to oecsoional homy re inn Siob 7roduee 

covroelondAney !Icon- runoff. At leatt part of this runoff sink: into 

tizo grouna at the maser end or the armwi as oonteinv the damaged hourabe. 

Dmiese 

rho :tort obvious kinds of demagog and thw4 *sleeted for obiy, and 

47114e43J.!:: and warning of salt set, the breaking of waters. mains, and 

areekine of t.".:e ground memo. 

;Amp. :fit of the damaged Imouleo are alone the nwth site of D 

trout. 1121011 Iree':ri in exterior mane and foundatims or the CottNeol, 

may '.yos ,4en in the •thotorratiin (Mt). 3-4) awl 1*AI:thee 7)• 

/Ix --toct zoveraly thronged houle is IC., :) troet, eiMor 'block 

fAructtt ocior,,I,Id by .1r, (;liff roraott. The Intnrior of th.4.s lao 

elowo luntfre. camaktt, door frees 8.re .ak-z.wedt -Art of the hasea -nt 

floor ir mut, to have ow*. Tvo tie br-s het tween the w.st er.d vest 

founiation ;ran, 2roautsably ti-ht ben put in, were alook in July, 1943. 

, Jul.;: was to lite,- up the morcrstrnature,,27,mxvokllr.ro of :fir fon 

sup- .or t cr. t" utirt:hts to the '-iatrieront floor. ar.1 rill in the 

atlopre the) foundetion ulth omort. This wration t 

be repeatood „,•t, ale 1.1lowldation walls deennr. 'ho faurOttion 

areeked in two pinaolt i the AP93t wan. 

5 
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Y4. S. Cracks in the Fig. 4. Cracks in the northwest oorner 
northeast oorner of 110 E Street of 1E,4 D Street 

Fie. b. View of southwest oorner of 103 D Street 



Fig. 6. Vim of north side of 108 D Street 
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The iloulAes nt 101 "i"'• am: 105 I arn mluo aolistail7 ornakod above 

the roundatioue (sge fig. 7). t 105 I th obtf,roninont 4ranka are 

Lune dew 31.tblr Aele or tho allimmay whore it slejobu; that rimgy 

othar booms in tho iyenr7i,di.to rAsiebbortow'. tr 

The trouble apperentlz been vine on for 1;bit 10 ranre, 

aowrol et it evrarol7 damaged houces t&J14riti T-Tment17. 

i!otL tir.v and ad hawse have _loaa cifItQted. Yr. nctah at U _trotit 

has to make ria-;la..71: OVen year for at l*act 5 yoare. Just rter U* 

foundation and. batimnt rlwr at 1Pri r 'trot Tore oomn1-2tm4 in 194/ (1), 

a diagona crook sw:lote.17 (4ormrsted the trtiettUrn tra isomer to sorn,;v• 

Asa tha arotrtmt haiva nt 105 treA was built (- TtWk' are thou 10 

:7%4Iss go) tr16 7lutinipoteml and a riaWler of o1c automeoIyilt 1::ranee 

!1W3l sable Jere t. ocrlimmatad i 1t founation. 1:0 atom of 

p4Tare !!,anao noti406 t thia Ntmoire. 

Nome broken likleatodIT alarm D Amite 

fl,..rvioe main into 10:! • tr3at brnks 3 till in 1947, both at the 

haulm niv! aftr Otr ouel. ;he wtar 7wzins into /C5 and 207 ...Aroot broke 

in :,71-11 The breai: at 14.7 ...tract war nt,t iislovemodi until., 

t.oraxiwtaly ';2,9CALI gailsaf of wet.tir IÔIi 1Y14,pod 'Ionestb the heaves 

Zsrr, macro reklorted thilt at thqt uz0,1 cattled to the 

30uu toet. . Areadbeat at WI D Aimet thrt ie uator Sala 

bro4m :uovoral time over lerioe of !:avgral 1..!4 unt.41 ha 7!ut in In 

elbow joint 41-1!„.ah *avid rotate as the how,* 1300 -hen !le 

tro0;.10, 

6 
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The in losinch AL4li linos alno Ix-ye r1-7-0 • 'r, :Aominiok Drum°, 

City ;:lumbqr„ paid tkAp the rydn lila Coan tw,vt ml2ad aTwIrt tn 

1%1, 44 the main c.i.lonl:; tto novrtL Ade of r brryk between "IP, 

and 117 --1WroJt about 1':43. In .,7u17, 194F the main clerk: t wort .:131s 

of Aorth Vlew trr—t wus 3ut to iyut in alarms frma 105 

treerito When the mall wootion ww.2 r4moved, t.,:ae out ands immediately 

butted toczthar and another motion bed to be renamed to yak. alleole for 

the joint. 

4sukkittl thiligamils— The en4 amok in the ground 3(14 visible tr 

that shown en fiz. 1; it is parallel to D :-.Argeot and Whine the lots thr,t 

front an the 4orth side of D Stro,A. It wal treated for about 16C refit, 

boginning in 2 or 3 sma11 ereokr book of 105 trout td oontinuing in 

on irregui easterly °ours. 71ear3y tc vj ftll the beak yard of 15 

L Llewellyn at U5 t trec th4qt be (r- ood the 

creek sghile 7,011.parinf; the creund for c 1a thAds of his hv, e. 

The *rook 7!oes kolt arm eorth of ;:trol4t, nor s trolt show 

amok". 

Thin crank is 1 inch to (, invites wide (3e0 fig. 8) and eppettre to 

ist least 5 feet doer, although the bou1dor7 ground would net allow 

oaenleteobLi. Th4 Lidos of the Greek aka; no notiose;11, vertiul 

off:A1t4 ':,te age QS the *reek is unknora; Mrs. 3ateh :Alteved it to be 

g or rears ode Mr. Young roTyorted it opened or reopened after 

roirke in Pit or :,-Tt•or 1%7. 

7 



Fix. 9. iiew of amok in ground 



	

	

	

	

	

	

	

Lit 19') er u =mak opened up in t..ho oruhord nne eLlrden book dt 

le!5 7 trIA. It s7tatrIed zouthvard frum Le at trim slope emit: of 

rnV.1.-..4141 to !:,,bm.t. 5C twit 17r3a t 7:10WO, /urved weetwerd wid 

'Med !-Joe rig. I). 4r, aLbso. relAirtee he Fen water from a i.!arden lone 

into the creek fdr 24 hours without fillin t Llovellma re,orted 

m *rack moth oe and parttlai to n i-trt, before Lb* houres at 

lore built. Thte %roa is lzu acvored with fill. 

-,msizatIt 41e ourbe dome D treat do not ahoy evidorce of 

nont. Tht? atregyt is mit-faced with natural asphalt and tho =Ale nal 

„autre are jr;inted 6A4 aalkad with tar, so that mall nowimouts Eby 

would net 'le errAirInt. 

nretvntd 

Althoujh *reel= 1.;-. the housed Goad nossib4 be explza.Lbedby unet:mil 

compoltent/1n ot: t. flundation materials, LGMO c.3tunl fao7gront of the 

6round n4arby vac inileated bv the breaking of visitor mine in the rtroets 

and hy the anon crank. Tot th,rfts yam no 1-9-1s of what it aoz3len1y 

oontidered ass laadslidincnovermnt ,Ituh as lv,rge diarlaot,Eiontz or 

busikling of Lbe ..rtreFite ;tnit] eround cur. ,).-r.aor,:rs, the oreakr that 

voeu or rellorted rret flown tite gentle fan slope rathor than agrees it, 

.he directicl of arrAlks inGontrnry to - i3a1 landLlidoe. 

8 



	

	 	

	

	

	

	

	

	

	

	 	

	

	

	 	

	 	

 

ln un attau:A to d4tormine the mount and kb! or novumeart 'Which 

n47 coinG m, a a,,t-o-,r4c of :.,11.voy 

Tyr..sa in 411413. 194L!i. Ji t an an intqr4ast 7r1d or 

etertli.itt linas. The ho2:,.:ilotal leilitione of ths :trtat!oaL -4ere i'atArio 

it é, .mw,mniLly for onr$ only, j the, lino an Whioh each 

iztntioo ums est. bone stctiona ware 9st at ',be tvo 

thuz; givini; a oi400 on t;he total 'it and Jireatl.on 

movement. 7he elmntiong; of t Troond stations tAd 5,cribed an 

tbe tso roandationr tare :141k-srmined Iv first trid,2T 

statione thomoeves aro limindh Iron rIlos tiriven to 

ant the ,71raund. and =OW with a rftcorenee -ant to !lack) natirui-on:.rVA 

mreUtdØ. btmo along the east%Prn eset•wont 1ire ie4rivoill to 'Allmf 

sof ar to Ais lisoonOpiOnen0 $Xd to lklak5an t«ho dmne..tr nf Gepairialtri, 

.f.qttarbitLato. :be location6 af the !te-lmr.- Aatione time tam %1-unt of 

TrArisental and vortical lovmant for0 O a.cfthr...74n or f. 

to!ac,.1-1iinttio lap wtms propc,red tiCf07* :1{re 4a2-riad into 

ass lienos the eontorrra town an flee. I or43 . ,7ned upon an 

1..00mft.41 .Atttum. cnd to not 7,oproent true altituelea abcvs :an Ifierel. 

iontliag_haisetklart.i 4.xmaittas- A lino of It-volt; tc.A.a .17-Ao 

tits arm; Ppm the U. - nrim;i be lArk W 14, V-1080 

i!eoarfAion lel "About 2.0 nilos north G. 4. from 

Ataprr t c.:.rhon catre Awls t brige 628.4.": in the to! of th9 3(J 

abatnont rtd floqt east of thl oenteerline of tha track. ft tandall A.ak 

ttiLoff. -,16.4..12- A.4 1977% 'ra4 alla AllincHrtark a line wag run !A)uth 

eict;c the milroesi and tomporari jonch nrxrkr wom lutabliahod in latoos 

ooniNaulart 'AD t'he arou to he avversd sat 7rasumabl-.7 fr1 Anbla ground. 

9 
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The touporrary Isnett mark n11 Antion elcortions are 

reforred is on ttbe Die a. 'milrofd about 3/4 silo north of the 

minter of Eelpors near the junction 7;tth the Kenilworth Branch, at mile 

627.3, the tar at the northeast boA in the .:thet ofmrroto airport 

blook for ,,be ovmrheed Agilely For the lur7otes of all lavalinz works 

the altitWe of this patit is %ebitrari17 fixed t 57;80.701 feA above 

sea level. 

Two other tomrolury bomb actri , iare egUblilhods 1) on Chrl D. tt 

• C. 4.;. anilroAd at D Fitreet, et ride of croosiag, to of aorthweat 

bolt so have of 'e.s4ag sigma, mean fatiturlo 5J)9((,lit .(3 feet above 

sea lavel (avertge of 12 rums in llocee ,stwit;, anci 2) at Helper 

•oetsffies, a ohisoiod sown, on lat-t of bozo of flxicpoaa lorth of 

the .Ar tattoo; mean altitude bamod on rv.715 in lloed eirluits iron 

• . trot i537:50W 1t .00 Peet abovn 

As 44 be seen from the figures for the probabl rror coompamiag 

t.he above ratitudes, the i:mecirie 1.4tudeo of the D 7treot aroestog Ind 

:ee_ter213e tacmgmerio, main in doebte The diffignitw mvarlemmed in 

running *loved eireuite of niret.order umurav cilonc t ranger Sate's= 

the beepornr7 best* mnriz is .,-,reihehky due to alsstio deformation of t 

flr'o 'Aallost unesr near]z tionst peaisago of train. All JLr-

suits run from the -primrry benei rrA at.1.,„..7nr1 627.3 to statiertz in %!)5 

e'er. of dist iled houses were 1.'tTigcl7 fr f dlaturhmoose mused t tralrz' 

and olo;,06 the limits of error to rirct.o.t.Cor leveling. 

10 



	

	

	

It bas been assumed that U orar7 :winch mfirk t li,-AA1 (.27.3 

how remained stabta throw,Amt the from July to Oatoix/r 1944 end 

all elevations ere -Awed upom it. Th is no vir-lblo ovidanee nt that 

Uta oz- any ee Moth;r ben* marks are unctal.11. I. 

In addition to %he ',villa r om toe pi'*s driven tate the , Temnd, 

levels ware also ran on notate wr.i.oed in M foundations of severnl 

the boogies, tho results of lftvelinc in July and Ostober 1948 are slymn 

in the tale below sod on rig. 9. 

https://unctal.11


	

	

	

	 	 	

	

	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	  
	 	

	

	
 
	

	

	 	 	
	 	

	

	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	  

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	

	

	 	 	
	

	

	 	

	

	 	

	

	 	

Table 1 

7.1evations of stations 
in NA Difference 

feet 
Stetiein tamer Jay 1948 elevritian oatcbqr 1948 elewmtion rise fall 

78 942449 Pomo99 .010 
V.1 5030.322 .,ostroyed
210 =5.998 %moon .024 
19, 5896486 5896.09 .047
194 51,914966 5e9e.960 .026 
195 59c0.114 5900.11 1 "1
IX 59C0.765 590e .771 .0c6 
197 9X)1.346 5901.353 .007 
rys 744.729. 5904.743E .009
199 5925.906 7129422 .034
20c 7)07.052 5.?ri7.050 .001 
201 ,912.717 9912.687 XV
202 y)1t. . &V 5916.40 • x3
20 5,01.80e 5901.82t, .020
204, ,X0.756 5nro .766 .010
205 5903.017 5903.032 .01
:Ix 5911. 2o, 7/11.211 .006 
w7 59u.1,86 9916.691 •Cc,f;xC 9918.W 59V4197 .00f,

59.V.823 59204e20 .cel
Zic 5905.404 ilesArmed
2u 5914.468 5914.482 .014
2N 5922.294 9922.710 .016 
274 9910.277 5910.254 .023
2'15 508.19-e 59.222 .024 

FQcndation points 

F.3. Y3.74( 7107.743 *al
P.42 5903.40) 90.451y1.1 M7401 990'4452 .CCV
"i..4 5903•46e WC-3.425 .0.5
N.5 5902.959 5%2.922 .047
P.4 9902.959 5902. ik 5
r-r/ .074 

5902059 5902,4,37 .022
F.8 9902.371 5902.37C .001 
1.4-r; .54'9P. 760 529C. 69C .C78
l'...3.0 5196.768 5896.739 .r::!,9 

,.31... 589S•769 5848.614 .125.F.3.2 5899.216 5399.163 .053 
in Octobor M1.964pi?.14 5901.964 

:-15 I 5901.549 
17.1C I/ 501.54r) 
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No to the rotiky ground, the pipes Gould naver be driven exactly an 

line. ,o the initifa ,,lifoarturee of 11e marks on the pipes from the 1.inee 

yoreovetru-liod. %riot's sinthodr of measuring tbinitLi derturiros 

zero ,..lapcadirs; upon Whether or tot the .11:4.k itf;elf mns visible 

from 4113 trmmit. Untih method gave reprodmible results. :4,kts of 

&eery:linnet, oonsisting of' at loot two readings, :nd for ewe 7oiats 

as mmly as five, were taken until it moo believed that t.his ae2erture of 

Prom its line wan known to Athin C "3 inch, of the 

41eng the linos were teten at night Awl tho air met 3ti11. 

tborimontal movements at crowed rtatlom reIr • tivo to points 

find in aireotions perpendianlr t4tolir resnoetivo 

lills rrce-vun on fig. 

iieest4vrzclite nade two 711aoes 7':.loton s.tit. kem on *ithor side 

et the zrzte. jJ bet ltevrTa.l to of point n eithrix 

siis ef sm,;:sts ti the fArgiations & retainingwvili; '.1r.;os honeys. The 

Iseation of 4LO t,o 1ine2 aor7y4e U* are in tho iToun4 =tad lhe *lances 

In the longtbm of 1h lines ;7e also Inhoen on tte:. 9. The uidths of 

some of he °rooks in tho houses ane Ihszleeu IN -Adtht at 3019 of tha.,e 

aralkr between Jay and Oltoter, 'Ian on the eketohoe of cbs )(70Utlail 

(fig. 7). 

The 1.irunning o th rlAwork nf tz;itAxN1 thLt all stations had 

=red -11tIve to t.he rid voints of(Jae linl. htand ointo of two 

lines wro amidentell; wAroved bctween Ally and lotober. For ',140 

t lines, i wme. ':Jottrad thLt the rw.t to t tat -oin'ts had not Irovec!, 

".rd bti- twine orieinal elpfaztliveu cf -yointi, the wore reetteillehed. 

21. 



	

	  

	

	 	

		

	

	 	

	

Me resurvey in October domanstrated sm611 17elgtie Mesta aong 

the stations, Lnd aoneragy mmeh larmr moIeriontc of the stmtiont along 

the sov%arn eastowest line oared to tihr-3 Along the northam oast.. 

vet Ilue. The mo”t rrk8bl rsit or thei .41,txurrqy ttrt all 

gtationv alanc the scatorn eastmme4t line, exoo, ;(). /98, had a anew 

poment a movement to the north. The mtoriamm movonpAit reeor6ed is for 

att.tion 1, uhieh had a nerthverd -/ort7;oment of lovnnwIt in*. 

Z:R71 feu-, t4t vi1i.tOr= 4..the aorthilmoouth linos inAmato that ::,tatione 

thv! tiontiu:rn eart.www-it line elm) hL& a oomlowInt of :yrreimnt to the 

went, rialatk; restaLnt totta ,91.!.11tomont toward t norUweet. 

7110 stain on 7110 northern eatit.worit line uhoi4e0 r3imovew!nto 

ln =rims directions, %I.). !s hn C, 5 ineh. la no aonsiv-tcnt 

ralatieri 1-7A.4equl the Ant:Aunt of !7:7Amital novenent or th,lt tnount at 

vertioal morr"-nt ce the Lltatiomg. 

Interwatation of data 

Moro rfmtrrays ,tuA te nr-de ovw a period of noy manths before 

the its fytko Attions aqrbci xpeotei to shot; trend or pcttere. 

tbs %mai: of all inforsutth thored to the rz.11 eatortal is 

apparently moving a snail flanomut. The ar*k hhwto !c.n,4earedp the 

breakilg of laiz water lialc alaar the ttreotr, end the 3onzietent 

nortInakre oomnommt of niowmamt ehoun try ta 3tations along the Joullf.vn 

quat-v; 1 1414 tAteRto th t Lome a thel ,ovemnt 1prre 

irArsov, :be Ivailal-)10 Ite indionte the poasibiltt: of throe t.yes or 

lar4rnt, '911o rtit alonf, or it .:eneert. 

15 

https://Joullf.vn


	

	

	 	

	 	

	

	 	

	

1). The run material my be slogly *rasping over the f*.ftle surfroo 

upon 14,1,31-1 it rettt. The wionnt. offeeTrit I very rU, rid tie 

direotion lap ao y.t, iaeoterenat4. The oppermt no-tEvaetward novo. 

moat* of tho r.tatiors or the month-re eeetieweet line end the tilt of 

t hou:ve nt ICI and 103 D Arect faro to the northweet, although it 

me4,00tneeo vith th, direction of the t..,:re.Itest & ';,:hs =-round 

tn-facf?„ iediosto th't eep its rvix le wy-AroThati the !!,..one 

'km; nIlfro of Q.:a uWorl;yine 5h/tie r,Tt-feoe. Thr ohPre &. the ".halo Atri 

facto vz 'NOto..1 On to tAhS# to )W of the Tvrent miaow! surfo_30. 

;!). '11t7 nov4rt-otte of the Mlle nr & th, ,t.etions ta.e, :fervIrnlay 

31m1".. and er-atii, but the; h.11 gtnro.-- t c::ttry• thor7 o: txvirement 

blood inrgely 000.10L1.3 Igtacni.ti;•ry ic Sclirrrod to 

th4y '!orreot ernitinAtion. itI:- clinvec,thct msetric., lonttrewil 

1.-ori-mr,,v-tt of the fine:. *12.y mr-1 eilt trl.k.te rAcae -Uneri 

the ivdividuel nebKtge -.oul lore of the fr.71 ttri.v.1.1 ter! VI...A 

small ',44-tio1es reeve clout under ths metion f wItere, atild 

perhaps Z vttiont fmt. !mee' -allway 
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The tan notarial was originally deposited by rennine water of 

varied tore., from the utrongoet to.-ret.ita 3aused Iv cloudbursts to .he 

snalleat rills of fl li,fht rain. rho matoeal vithin the f,7:n 13 them-

fcoo highly variable ► sise and eistribution. The iur er frae!tmts 

mro angular and do not tore a etrong coherent mass (see fig. 4. Zbe 

entire inpool; contains 'law anall voids or open spaces, faned as tbo 

3ntericl was :,aid down. It is reasonable to expect 411,,,A, as -;"1.c fan is 

subjeatod poroniction of rainfalls and especially to unuguill 

,ax tee or water from lawns end gardonop jaa :-'inset material in fan 

wa wosh entay from between t:he 1-rte rooks nal nme on Nom the mlot e. 

die ranoval of fig woule.! allow the tooult::qrs to aettio or rotate in fury 

part of th4 fan -Allah happens to zoltain qovtn6 wat.er, reaulting in 

irrogalarnermaak;nta tt tra surf*** of the i'zn. 

3). third typo of movewint .4v b explated tra thi-. r2wo1ogio 

lowirommont, and hs Jr fact been stuf4lad in 7J.neland, where awnings 

with footings abovo 4,he sone of -tornmnent aaturstionwriro built upon 

olsyqy ground.b This kilo, of novemtnt within Ile fan wouV result 

7-4717E127.. Sow exZWris oftown:Int/on movownts to cnnaos 

other U..an 7tructural loads: Tivoceeding5 of t.hn *mid ILtsIrmAtional 

`.;o- Ttgl:veorimis, vol. 2, 11,,.ferent.te an Soil Med:anion cnd Founeitiam 

gizemas..,aijarsuaisa.1242._ 

free rthriAcare by drying of thei. ton-stit ts-I *Iv mme uilt ;xftwoen the 

sandstone .d s, tL.1m401 mamma 041118013 in evaporation tInd 

or througL tho tram:Dire:Um of shrubs and trim's. Thi theory would 

furach a a tirfantory miplanation of mill up and down movements of 

terse stationa. 

17 



	

	

	

	

		

	

	

	

		

	

	

	

	

	 	

	

Priest haw* amid rise =use 120VOklintt of the staticrsc.;, 

thio osTht1itzyratt-:.te rul.A, ant in 3xplr_inisk-* !aznrsfritte reoo . erve 

Amin Fleaserof 1948. 

t!ile 1...)oint it ahead bi ,nophaaid that caura-rrvt,le and 

or thar:s tr5ze 11.,:cver-.11.3t VartfrInt it 

t10 tity tribt1 LI an Martri t • ;:att ItiCantinal variation in the 

know-It O Wt inn nttariel. 75ose faetore ere unkno%r-L Anc. 

tL in ac unIpc2 irf4r)1orato7 methodn beyond the mope of the 

co.t)01e, .9.1 :jurvalrls userd. 

variatta Vpur rrvnt chove t sepeciall,g if the:1r 

oporate torether, a suffili4at to or )1n1' vuor,nt of stations set 

in the grou,V,i the foraltioxi. tr:12 cracka. Pv tto brealcinp of water 7x,iatt. 

It is 7,osaiJie tlict the $ena preeear.os, opr.vntisize under std near the 

houses fan saffialx:t to explain the vverred ,I.usate. I regard to the 

hotwea, however, other ft4tara TatA oottnidered 

.Atz-veri is not IA lolitien to evrauti-7.,•,. :he two •,,l-lxv3irl1 taut:4m are* 

1). 11,49 ortherla of 300,.tt, ete:yeeiAlly the refs of the 

7\ar unit area of th-! :ArengtE of t) eupporting 
S 

north -.1-Aeria14 end 

:1- -tetriale of ooni..trunatta-.1. 4, Zo be 7.3,. -.40oitzlly atoned in 

this oatwootion !tre a) the potiti . tz >fealetarious tetterizA, ..7t1oh 

as ai%..:rt, ahaloadonr ;vat, oU irtmorriseue kz..rre cZ 

aulgoe,oto in oonz.root "la to the matttanae of the eonamto .ce in 

Oceistruetion to watiel,,:.his. is aultato. Iarord to 1!!.tter !-Koint. 

analraed a sample of tlie 1:artoos al.1-:,10 tram a nearby (=tamp an's tome 

it to *attain abort 2 pervant of soluble atafate in ;Fin fort at allow. 
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Summary and reeeumonditions 

This study ham to date resulted in tbe preparation of a te9nrrOhie 

and Buenos poled, map of the area, in the demonstration that amall 

movemmts o the ground and neneraliy maøL 11rgor vertical newasnits ot 

Uh.! surveTed houles in now going on, and in suggeAlort., based u;7.on 

;Toologio wiesnme, as to the 4-pes of mown that mic,- be taking :Anse. 

AI, study hAs not nroved this amuse of the *carved movemmote, sor 

the *suss of the damages; and furher study only alone the lins so far 

9ursuot: u!11 ?rdhably not !'inc forth the L:Tsmers. aureestionz far 

furthf,r ztudy are inaluOed in the osnrL.rel roeonmendations belay. 

id2WIT61.4;,21311*" 

:u4ect to 

atasti70 mitil :he cause or he ismnpt be more eert 1104 known and effect.. 

iv- rernvnntive lwanur,.)05 terminod. 

2). That until the effect of watFr in the an materLa ham been 

detered, ovT)ry ffort be =do to letwe:1 the %cter content of the ma. 

TUu should Inoluael e) the diversion of: runoff .. ma tho fan 0, leapt 

4$ far u the elope ns the north !:Ida of the bnllact of the Kenilworth 

Aran6h. anel loodiar tt tassy by linod A.tahos no that the wator hat no 

opportunit to ::442 into the crowd souV of the raiIrocd, h) thn -aro of 

disoretLwa i tering lawns not otr.4rie miar the ciea,f'zie a) tho 

LCiJ o2 voe hoas In all rotainiaf loons near the lloti.-es, 

i. ''.1ht no.-Jove honta ':)s, built in the Lroc. knoun to 'le :,

3) • ,15 14;itor lines are Papaired. ,714m11)14) empliace aheJuld be 

iitid 3o that not otily will re1. 4tirs loom" lose frwvent, but !also jte 

poesibilit:: of writer *swine fru n.-okon mains 47,1 he I.:mooned. 

19 



 

	

	 	

	

	

	

	

		

	

	

4). That en investigation be lade 4 eonpltent construction mnd 

fOundation engineers lookimc towards 

a. ethods of Aabilisiry: the foundation materials of the 

houss„ -Nithor to ialzove the Ohystaal proportios of Ulm aarth mk_terial 

or to give a matter efrec%iva hearing area for the load of the house, 

ordmr %o decrease further &men* 

Detoritutier of tr7.: safe 'Iserinr7 osoaotty: Ind 3orxeoliAem 

Am rate of the fan nOloriale 

a. Detorminction of the kin4 of lonrtruotIon 9.11do 

of fier4TqvIto, cement, ftad retlforenc, owteritis slitehto in tMr, aTile 

for oonoretc aubjected to potAe hiA rtrAes tn '444 71rwAinels 

Of mlfatesichizie untert. 

3), i deAmmarmtiotn cf the] Aotuunl oawilln of no,loTtinnt And of the 

sett-Ads sillianb13 to 'premplont Qmers *ails fo,- ftdAitIonal 

If the intore.Aed :xasties hell eve ft vorth the cowt get this 

th,1 following abould 43 done* 

joriacA 0,4m14 bo 7Att down at lnatt th thn tot, of the 

unillerlythe flftle to e-Adwreno thf3 thickness of the ran, the W%impe of 

- r-f!oes, the .4r.Wimnoe of a oli7Ifyry Itone at the Lop 

of tze, sh4.10 upon uhieh the fan ne7 be orooping, ane -1e7th to mod 

rlope of ,Ix$7, ur,ter table. :xamplche the fits mmd emit, t7ogu1d 

alt,:c cW_atrod ror testing. 

t, 'rho foasiAlity Of uriug peortsrnioel mothods to .tarmine 

ti ahr...14 *..he ground vntor table and tho position of tb rh!Llo -urfaee 

should be son 
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