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Preliminary Report on Ground Movements at
Helper, Carbon County, Utah
by

D, J. Varnes
Abstract

Many houses built upon an alluvial fen at Helper, Utsh show cracks
and other damages. 'l'h: present survey haes demonctrated smell movementis
of the ground surface ard generally largsr movements of the house founde=
tions. Three types of ground movemsnt are indicated as possible; a) slow
mass movement of the fan material over the underlying shale,b) movement
within the fan material due to removal of the fine particles, and e)
movements due to shrinkege by drying of the interstitial clay and silt in
the fan, Evaluation of these canses depends upon factors not now known,
such as the distribution, movement, and variation in amount of water in
the fan, and upon the location and shape of the underlying shale surface.
Recommendations are made for redueing the water content of the fan, for
exploratory drilling, and for studying the methods and materials of
construetion,



Introduction

Osoanionsl erasking of houses, breaking of water mains, and cregie
ing of the grownd in a residential distriet of Helper have been notised
for sbout 10 yserse In 1946 and 1947 the situation beseme =ore seriocus
with the wry severe erasking of covernl new “ouses and eontimuad
trouble with the older houses, The damages within mn cree of semeuhat
mmadnmu“mmewworm
in repaire and decresse of rroperty walues, and the necessily for find.
ing the cuuse of the dancge "ecame urgent,

The purpose of the wvork wes to cbtain geclogic and other kinds of
in‘armation that aay bs of value in determining the csuse of demsge %o
the houses, The seope of the study was restrleted to mepplag the
surfialsl geclogy end the topogreshy, meking a cursory exmdnatien of the
houses, detersdning how mush the gromd is moving, 1f =t sll, +ad to
mossuring hov wuch some of the houses wre settling, e howe unde no
dotelled study of the msthods of construction em loyed on ths houves or
of the meteriels used,

he reoblen wes lrought to the attention of the (eslegieal Surwey in
Dosambor, 1947, At thet tims the area was visited by Mr, C, 5, Funt,
faglcnnl Cealogist ot Salt lake Ulty, in ocoupeny vith seversl represonte-
tives of tho Fedaral Housing Authorily. The Geologicsl “urvey bogen a
study of the area early in July, 1948, Thie preliminary repart presents
the resulic obtained thwough the middls of Ostobar, 1548,
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The meopdag snd hwrizontal sontral were dome by the uriter and Mr.
Pdobard Van lrm «ith the capable sssistence of Lefqy Tusker and Peul
vels, leveling wes wnder the directiem of Vir, Pmwtt Coom, City
affistals kindly furnished botk msn aad moterfals to afd the study,



_ Deseription of the area

Holpar s in Carben County, sestegontral Utal, oan U, 5. Highweye
6 and 50, ond on the mein line of ‘he Denwer & Mo Grande lestern ‘alle
rosd (sce index map en fig. 1, in pookes). lHelper is primarily &
rallrond toun tut it 12 also centrally located within a very astive sonl
mining distriot, The nearest minas are several miles avey from the towm
propar, Helper hed a population of 2,843 in 1940 sad 1s at en altitude
of about 5,850 fect above sea lavel,

Helpar is bullt on stress terrages sad alluvial fmne slagyg AWth
oidas of the Pries Piver, vhero the eouthwmrdefloving river issues from
s cmayon cut threugh the Book CLiffe, The lower and gmntler slopes of
forming sandstonse belong %0 tha “tar Polnl sandstone snd the Maskhauk
formations ALl these roaks me of Cretacocus age. The lower slopes,
togather ~dth the upper oliffe, fors en alvupt cesrp that rices 1,200
to 1,700 fect sbove the northoest part of toum,

mmtmmummmmnqmzsmm
the narthesst pard of the town and within the eroa shewm on fig. 1s The
housos “are ere ullt wpem a soutiward end southwostward-sloping fan of
vash meterial derived from the clopes mad oliffs Lmedistnly % the north,
Thiz debris is sompogpd of sandstone fragments, vhich have rolled or
washad dowm %o the louer slopes, embodded in alay, =flt, end sand derived
fram woathoring of the shale snd of the lovaely vemanited sandstone,
(ome fig, 2). Swndetens fregents in the fun matorial very in sise frem

amall pebhlee to engular blesks 1°5 feet in dimmetar, A lurge propertios
ef thooo ~oar the houses are 1 %o 4 feot in dlameter,
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Fan material overl_ ing shale,

as exposed in railroad cut.

'15.



Se far as wo knou, shale bedrook has net been reached in exsavations
for foundations in this visinity, Ve ostimets thot the fan fs probadly
gsovoral teng of feot thiek vhere the houses rest wpom it, although thore
is no direet evidange from wils or boringe. The sonteur of the shela
swrface bemeath the feon ocover 1s slso uvmown, dut it is prebably
irreguler, The fan hesds % the north in tongues separ:ted by ridges
of shale, snd 1% 12 1ikely that thecs ridges project southuerd beneath
w0 cover of nlluvial debris. The slope of the fan wurfaoe between D
and & “Wreots 15 3 to 10 feet por lumdired feet,

Tho surfese of the fan is Gut by rumercus chennels, which cuiekly
sonoantrate the rumoff during hoavy reainfall, Runoff in sovoral of the
laygor shexmels fo diverted by the Henilwerth Nraneh rallway embenisont
%0 o oulvert thet pessss wnder the hallsst (sse fig. 1)e The weter frem
the awlvert ordinarily enters & shellow gully in the vasant lot between
109 snd 113 ¢ Street, arcuses £ “trest, and elnke into the grommd ia the
ditch sleng the east side of North View “treet, During very hesvy rains
the water erecses lorth Tiew Stroet, pasces through the flwme over the
irrigotion diteh end discherges inte the allay back of the houses along
lowver U “trest, Ue did not heve an opportumily to trepe the movement
of suwrfase wetors asross ‘he upper part of £ Street,
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e preeipitation records are available for Helper, tut the Heathor
Buress data for Pries, © miles to the south, shows the evorage mnusl
presipitation tc Yo 10,21 inchess The months of highest reinfull are
July, ‘ugust, September end Dtober, During thoie months the major part
of the -meoipitation is due to cosssional hoavy rains uhich produse
eorrespmdingly heavy rumeff, A% least pert of this yunoff sinks inte
the ground at the lower end of the area wiish centains the demaged housesc,

e

The most obvious kinds of demage, and thoce selested for stuly, ave
the orssking and warping of houses, the breaking of wator mains, and
sregking of the gramd surfase.

iousggs~ Most of the demaged housee are alomg the north side of D
street. Typisel cresks in exterior walle and foundations of the houses
may be saon im the photopraphs (fign. 3-6) and sketohes (fig. 7).

The mest coverely dammged heuse iz 107 D Street, & efnder hlock
structure casupled by i, CLISL Memnotl, The interior ef this house aslse
shows numoreuc creckn, door frames mee skoved, and part of the besemnt
floor ir sald to heve smk, Two tle bers botuwoen the onst and wost
fomdstion walle, preswsebly tight vhen put in, were slask in July, 1948,
A pregodure of repadr followed in July was to jask up tha superstrusture,
support 1t on 6" x 6" wprights to the hasement floor, and P11 in the
norisental erack above the foundetion with gement, This operation must
be reponted as the foundotion walls sink desper, The foumdstion 1tself
hus aracked in two plages in the west wall,
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Fige 8. Crucks in the Fig. 4. Cracks in the northwest corner
northeast corner of 110 E Street of 164 D Street

Fig. 6. View of southwest corner of 108 D 3treet



Fig. 6. View of north side of 108 D 8treet
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The heuses ot 101 D and 208 D are slso consploucusly ermoked above
the foundetdome (see fig, 7)s 4% 105 D the nest preninent crweks are
thore along eithor cide ef tha chimey whore it edjolns the house, ey
other houses in the fmmodi o nefighborhood show slight to covere damege.

The trouble spperently has been going on for about 10 years, although
soverzl of “ho moot caveraly deraged houses were orected more recently,
Botk new and old houses have baen affected. Mr, Hatsh at 105 D Strest
has hed %o male repairz every your for et least 5 yosrs, Just after Uw
foundaticn and besament floor at 109 I' “trest were camploted in 1941 (2),
ummmuhuw‘ﬂhmm“hm.
Whon the epartsont house at 105 & “trect wms duilt (rrobully mere thom 10
years age) trewble wes satleipated and 2 mwsber of old sutomoblls framee
wd muoh steal sable ware isccrporsted in the foundation, Teo signe of
savore damage vare notieed ia this struoture,

detor salpgs~ louse nains have broken recantedly slan; U Strest,
The service main fate 103 D Street hwalkes 3 thwns In 1947, both at the
house and seor the owrd, The wnter meins inte 105 and 07 © Street becke
in April, 1948, The btreak at 107 7 Itrect wae not dlscovored wntil
aporexizetely 52,000 gallems of water had escsped bensath the house,
Mre Carr, the cuner, reported that at that time the house sabtiled Lo the
south snd cest, !0y Drosdbent at 100 P Street seld that hie wabter uwedn
broke coversl tiass over ¢ perdied of several yoors uatll bhe put in an
elbow jodnt vhish sould rotate as the house moved. 54nos them he has
had no treuble,
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Tho main Leinch stret 1ines alve have fuilsd, i, Domindek Brumo,
City Mlumbor, sedd thot the main 1fne dowm U Street mlled epert in
1941, end the mais acleng the north side of £ Jtroot lroke betwsen 109
and 113 £ Strest sbout 1945, In July, 1948 the main aleng the west side
of Horth View ‘troet wus out to put in o Tejolnt seress frem 105 &
Streot, When the mmall seotion was romoved, the cut ands immediately
butted together and smother scotion hed to b removed to wake spese for
the jolot.

Greeke io b0 grouad:~ The only ersak in the ground nov visible ir
msm;ung.nuupmnnunm-awmmms
front on the north side of D Strent, It was tresed for cbout 160 fwet,
bogluning in 2 or 3 gmall areoks bask of 105 D Strest snd continuing in
en Lrvegulsr aastorly sewrse nearly to the 111 in the beck yurd of 115
D Gtrest, . Llowellyn at 125 D Street reported that he exposed the
erack “hile preparing the ground for s lawm on the north side of his house,
The srusk does not appesr nerth of I Utreet, nor does the sireet shew
demagm.

This erssk i3 1 ineh to € inshes wide (seo fig. 8) end eppears to
be =t least 5 foot deep, slthough 'he bouldery grownd weuld not allew
saemlete crobing, The sidas of the orsek show no notissshle vertiesl
effset, The age of the crack is unknowns Mrs, Hatah Delisved it to be
8 or 7 yeurs ¢ld; ¥r, Young reported 1t opened or reopansd after heavy
reins iu fugust or Soptember 1947,



Fize 3¢ Viow of crack in ground



In 1933 er 153 u croak opansd wp in the orchard snd gorden beak of
105 £ Strests It oxtended southwsrd fram ‘he base of the slope somti: of
the rellrcad to sbout 50 feet frou the house, then curved westusrd and
onded (see fig, 1). Nr, Glbson reported ke ren water from a garden hose
inteo the crask for 24 hours without filling it wpe }r, Lloewelliyn reorted
soedng » eresk mouth of and parellsl %o D Street, before the houses at
152156 I Otreet were uilt, This ares is now covered with fill,

The revenent and eurbs along P Jtreet do not show evidence of neve-
mont, The strest is surfaced with neturel asphelt and the surbe and
gutters are jointed snd calkad with tar, so that emall movements probably
would net be epnarant,

Hsgsuronmnts

Altheush oreaks in the houses somld possibly bo explained by wnegual
conoolidetion of the foundation materisls, some zstonl movenent of the
ground nearby was ndieated Wy the breaking of wator medns in the stroots
&l by the opem cragk, Yet there was no ovidence of what is coamonly
caneidered a ness lasdsliding wovemsnt® cuch as large displacements o
mekling of the streste and ground curfage, oroower, the orsske that
vare seen or reported ram down the gentle fan slopo rather than aaross 1%,
sontrory to the direction of craaks In fyplssl lendslides,



In sn atbonpt to dotormine the mmount and kind of movement which
my be going om, & nelunrk of swrvey points wes establichod within the
area {n July 1948, The stations wurs set em an Interseeting grid of
stenight lines, The horisontel pesitions of the stations were dolere
ulned, generally for one directien enly, Ly the line en vhish each
station wvas set, Sam stations wure set al 'he intersection of two
lines, thus giving e chwel: on the fotal mmount and direction of relative
novenont. The alevntlons of the crownd statioms ead peinte seribed on
the house fowndations vere deiermined by "rst onder leveling,

The statiens themselves are Aefnsh iron pipes driven 2} to 3 feat
into the groumd end marked with a reforence roint to vhich messuremonts
are mada, Those sleng the southorn enstewmet line vere drivem $o helow
sof lewel, sc as %0 e inconspiouenus snd %o lossen the dmnper of cocldental
drtarbaass, The locations of the 'urvey ztatione and the smount of
herisontal sad vortical novement far eash are shown on fig, %

Tha tovogranhic map wos propeved before lovels were carried inte
the wres, henoe the emiews shown an fige, 1 sad 9 are besed upen an
socwwd datary and %0 nod represent true sltitudes sbove ses lovel,

isveling spd vertice! movgmenige- 4 line of levels was brvrght inte
the ares from the U, 5, Coast 2w Ceodetis "wrvey bensh mark W 14, vhose
desarintion i1 "About 2,0 miles north aslomg U, & 3y Gy We Re Fo frem
felpar, Corben Coumty, Utah, st bridge 628,40 in the top of the south
abutmant cad 9 feet sast of the contarline of the tresk, A stendard disk
stampad 59844128 W14 1927%, Froa this bemch mark o line wae run south
aleng the rallread end tamporary bonoh marks were sstablisghed in pleoes
conveniant %o the area te be swrveysd it preswsably on stadble greund,
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The teuporary bdemah mork to whish all stetion elevations are
vefarred is oo the Be & Re Uy We faflroed sbout 3/4 mile nerth of the
ommtor of Holper, noor the junction with the Xeallwerth Brench, st mils
6273, the top of the nertheast bolt in the northuest conerete suppert
blesk for ‘he overhsed sigmal, PFor the purpeses of ell leweling work,
the altitude of this peint 1z srbitrardily fiwed at 5880,703 feat above
soe loval,

Twe other teaporary beach merks ware ostsblisheds 1) en the D, &
Re Gy We Onllrond at D “treet, sast slde of arcesing, top of aorthwest
bolt en base of erossisg signel, mesn sltitude 5859,906 & ,003 feet sbove
sea lovel {average of 12 rung in € slosed cireuits), and 2) at Helper
Fostalfies, a ohisslod sguare om north side of bese of flagpole north of
the “ostoffice; mean altltnde based en & runs in 3 closed eirculis from
D Street crossing is 5835,360 & 005 fest above sea lewel,

ia may bo seen from the fMpwres for the probable arrers acoompenying
the above sltitudes, e preclce altftudes of the D “treet erosaing smd
rostefTise banclamis renain in doubte The diffioully experienced in
rumning sloced sirouits of Tirsteorder scowwsy along the railwey hwtwsen
the temporery bensh marts 1s srebahly dus to elastie deformetion of the
radlrond ballest wndsr iho nesrly conctunt possage of traine, A1 aire
ouite mm from the primery benmah mork et signal 627,73 to stations in the
aren of dan-god houses weve lavgely free of dlsturbences ceused by trains
and sloced vithin the limdts of arrer in fircteorder leveling,



It hes beon asmmed that the temporery bemch merk ot signel 627,3
hag remained steble tivoushout the pueiod frem July to Osteber 1948, and
all slovations ere Lased upom 1%, Thaw is no viaible evidense yot thet
this or sy of the othsr bengh marks are uwnctable,

In addition to the lewals run on tae pipes driven fate the ground,
lovels were alse run on pointe sevibed in the foundations of several of

the houses, The results of leveling in July and Ostober 1942 sre sheam
in the tabls belew, and on fig. 9,
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Table 1
Elewations of stations

in foet
Station mmber  July 1948 alswntion Octobor 1948 elevation
78 FU2,049
0 385,99 '
5685,998
19 58964839
g&’ 5598, 986 5898,960
196 5500765 900,771
197 016346 901,352
198 5904729 P0L,T3E
1% 254908 FRG922
200 907,051 5507.,0%
20 912,717 912,687
02 WACLE42 916,640
203 501,828
20/, 00,756 900,766
205 59034017 59034032
206 711211
€7 916,486 P16.651
2ee 918,382 918,397
:g 920,823 920,820
21 PLhedbB ::3‘
260 922,310
204 o277 59106254
275 5098,19¢ 5898,222
Foundation pointe

Pl 03,746 5902, 743
P2 5903460 9903451
Fad 5903.461 07,452
Fead, 5903460 PC3425
] 5902,959 202,912
Veut, 02,959 902,885
Fef} 002,959 5902,937
Feal} 5902,371 F02370
e 589¢,768 5898, 690
Fell) 539,768 5898,739
Fell 5698, 769 5898,634
Faal2 5895,216 5899.163
Fel3 et in Ogtoder 502,964
Peld " 901,964
FelS » 5901, 549
el . 590%e 549

DAfferance
in feet

rise a1l

L0210

o024
<04
<l

006

007

<009

014
£L01
£30
003

«020

<010

015

006

o005

000
003

0L,

016
023

<024
#003
«J09
009
&35
047
L7
L22
001
£L78
«029
o135
053



Resurvey of the ground statlons indiceted that thers are %o gonerel
areas in vhich the swvey points sank along the scuthern eastewest line,
One srea iz in fromt of 101 D Street, snd the other 1o betwaen 109 and
113 D Steeet, A11 statione slong the north:rm eastemst line rose
slightly exsept station 209, vhish nay hewe boen aceidentelly depressed
by bulldoser werk aleong 2 “trect.

In continst to the erratie zwaulis of the reswrvey of ths Zround
statione, releveling of points on the foundations of the houses showed
thet =11 pelnts hed swnk, 'oreover, the ssttlemont of eash house ic not
uniform, A% both 101 zad 203 D Strect a gonoral settlement plus a tilte
10z to the northuest is isdicuted, end ot 105 U “treet the lew peints
measured indioate more selilement in the rear of the houss than In tw
front, The maximm sottlement recorded is 0,135 fest or 1,62 inches ot
the northuest sorner of 101 U “trest,

Horizontel movemopig:~ The stations in the aree of demeged houses
were et aleng stealght lines, Movemcnts of the statione relative teo
eash other in a Parigontal plane could then e detectsd Yy moasuring the
departure of the stotions from the eriginal ztraight line,

In sost Instances, ths lines aleng shich the staticns were sot mre
dafined by the stetlons ot the onds of the lines, An cwseption 1 the
sonthern eastenst 1ine, vhore animuth is ‘efined hy station 199 and a
podnt on & low bullding about 1 mile to the west, A set of horiscatal
engles to dictont peaks, incinding the ssimuth podnt, vere measured about
station 199 to detest any ‘uture goneral swing in the line,



Due %o the rooky grownd, the pipee oould never be driven exmotly en
14ine, so the initial depsrtures of tw asrks on the pipes frem the liuwe
vore msasured, Varicus mothods of measuring these initial departures
vare used, depending upen whether or nod the wurk itself was visible
fren the trensit, Cash method gawe reprodusible resulte. Sets of
cbsarvetions, eomaisting of at loast twe readings, :néd for semo pelats
a8 nny as five, wore fteken until 1t wes bellieved that the deperture of
the point frem Lbs 1ine was imown %0 within 0,03 insh, Most of the
maruresontis aloag the linos were teham ot afght uvhen the alr wes atill,

The harizontal movensnte of groumd stations relstive to points
asowned W e (ixed and in direotions perpendiculsr to thelr respestive
lines are shown on fig. 9,

Meesu emnts wore made ol two places betwoen ctsies on  aither side
of the greck in the ground, snd betwoen several 2043 of points on either
slie of orscks in the Pamdations 'nd retaining wells of the houses, The
losation of the two lipe: aeroas the oreck in the grownd md the shanges
in the longthe of these lines ure alse shown on fig. 9. The widths of
some of ‘he orecks in the houses. and changes in widthe of some of thoss
arasks betwesn July and Octeber, are :houm on the chetshes of the houses
(fige 7)o

The reruming of the network of llase showed that all stations hed
moved relative Yo the end nolnts of eseh line, The end points of two
 1lines wore aceidentelly ‘sstroyed detueen July and Ogtober, For these
twe lines, it wnz ceowed thot the next %o the last voints had not woved,
and by using original dopartures of thoss nointe the lines wore ressteblished,

14



The resurvey in October demomstreted smell relative movememts elong
the stations, snd generelly mmoh largsr movements of the statione along
the southomn eestewest line oampered t¢ thoes along the northe™n caste
vost 1ine, The most remarkeble result of e reswrvay ic thet all
stations along the soutiern eastewost 1ino, axeeni No, 198, had o sme
vonent of movensnt to tho north, 7The moclmss movement recorded is for
station 1%€, wvhich had a northwerd somponent of sovement of 0,54 inch,
The fow data svellsils frem the northeoouth lines indisete that stations
slong the southern eattewest line also hadl @ componant of movanent to the
west, yielding & resultent totel displasemont tovard the northuest,

The stations on the northorn sastewest llne showed romll movemonts
in various directions, s11 less than 0,15 iach, mnuumut
relatien botwesn the smomt of horizonts)l sovenent und the enount of
vortisel mevemnt of the stations,

Imterpretation of data

Neore romovays must be mude over e period of many months bafore
the movewr-ats of Sthe stetions muy be oxpested to show & trend or patteam,
On the basis of all infovmmtion gathered o dote, the fan maderisl is
apparently moving a small amouat, The cracks vhich have sppeared, the
breaking of mein wnter linee aleng the strests, snd the sonsistent
northumed gomponent of movement showm by the statioms sleng the southorn
sastewect 1ine, indicete th:t same of the movensat may invelve large
magsos, The avallable data indicate tho possibdlity of thwes types of
movomant, uhiish may be eperating alene or in coneert.
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1)e The fan matarial asy be clovly sreeping over the shale surface
upoe wideh 1t rests, The anount of novement is very small, and the
direetion 12, es y»t, iadeterminate. The apparant nerthwestward nove-
ments of the stations on the southern sastwwest line end the #4118 of
the henres at 101 and 103 D Streot also to the northwest, although it
dons not coineide with the direction of the grestest slope of the ground
swiass, indiocate thot creep movements moy be sontrolled by the slope
and shape of the undorlying shale surfese, The shepe of the shale swure
face may heve no relstion to the tonography of the present grewnd surfase,

2)e The movemsnte of the remsinder of the stations are penerally
snell and errstio, but they heln support a sceond theory of novenent
videh is based largely on gealogls ressendng and vhish is delieved to
hold the correct explanetion, It 12 'wlisved that & nearly continusl
rearrangemont of the fine olay and silt purtisles takes plage loteen
the individuel pebbles and Loulders of the fan materialj snd that these
manll particles move shout undor the setion of porcelatiag wsders, alded
parheps Uy vibrations froz neardy railway traffis.



The fon material was eriginally deposited hy ruming vater of
veried fores, frem the otrongect terrents caused by oloudmrets to the
smellost rdlls of a light rein, The materiel within the fom s theree
fore highly vardabls in sise and distribution, The larrer frag=wuts
are engular and do not form & ctrang echevunt mase (ves fig. 2}, The
entire deposit sontalns nany small velds or open spases, formed es the
matarie]l ws iadd dowm, It is resseabis to expest that ss the fan s
subjestod to the porcolation of rainfell, end sspeclally to wmusunl
amounts of water from lems and gardens, the Zinest material in the fen
would vesh eway fram botween the lurge recks and move an dewn the slope,
Thic removal of fines would allow the boulders to sottls or rotate in any
part of the Zen which happens te sontain soving water, resulting in
frvogular movenonts st the surfade of the fan,

3)e 4 tuird type of movement may be expsoted fram this gecloglc
envirommont, snd hes in faot been studfed in Ingland, vhers dwellings
with footings aboveo the meas of pormenent saturstion were built upen
alaysy ground /. This type of movement within ‘he fan would result
T Gasilng, Le Fep Sams sxmyiss of Tousiation sownsnts fus W smwes
other than strustural loads: IFrocesdings of the ‘ecend Internatiocnal
Conferance on Soil Meghanies end Found:ztiom Fngiseeriag, val. 2, npe
26217, fottardade 1948s. -
frem chrinkage by drying of the i:terstitial olay and s11t botwsen the
sandatono bouldars, tirough seasons) changss in ewaporation snd reinfall
or through the trenspivetien of shrubs and trees, This theory would
furnish e e:tisfactory explenation of mmll up and down movemonts of
the stations,




Frest heave cauld slgo cause movement of the stations, although
this poasidility mast be muled eut in axplaining the movemeunts recordaed
during the swmsmer of 1948,

A% this podat it should beo emphasized that the coourrence and
saverity of eash of thess fypes of movement ia lergely dspendent uwpen
the cumtity, ddctribution, novensnt, and sessonal wvariation In the
smount of weter vithin the fan matarial, These fastors sre wimowm and
will remnin ac unlese explorstory metheds beyond the scope of the
teologleal “urvey's prelimdnary work are usad,

Tho verfoue iypee of movement outlined chove, espesially if they
wuww.mmummwmaswue
in the ground, the formetion of oragis, and the brealking of weter mains,
It 12 possivie thet the same progessos, oporating wndor end nemr the
houses are sufficiont to explain the obsorved dumage. In regard to the
houses, hovever, other fasters mu:t be considered which e (eclogioal
Swrvey i3 not ia position to evaluate. The two principel fastors are:

1)e 7Ths metheds of oonstruction, especially the velation of the
loud ner walt ares of the footings to the streagth of the supporting
sarth materialy snd !

2)e T™e metorials of conctrustion, To be svecially studiad in
this eawection are a) the possilles offests of delstericus meterial, sush
as shord, shaloedany sad other fores of smorphous silien, if used as
eggrogete in goncrete, and b) the resistence of the sonerete uced in
construstion o wvaters hish in sulfate, In regerd te the latter peint,
w snalywed a smpls of the Mangos shcle from a neardy outorcp and found
it to contaln abeut 2 percent of seluhle sulfate in the form of gypeus,


https://preeear.os
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Ommary snd resomendations :

This study hes to date resultod in the prwparstion of a topographis
md surfece geologie mxp of the ares, in the demenstration that mmall
movemmits of the ground and generally muck lsrger werticel movemmts of
the surveysd houses is mow going on, and in suggestions, bused wpen
geclogie evidense, us to the types of movement that may he taking plage,

The study hes not nroved the canse of the observed movemants, nor
the caouse of tha demeges; and furiher etudy only sleng the lines so far
pursued will probably net hwring forth the answers, Suggestions for
further study are insluded in the paneral rocomrendations below,

iagepndationg v

1)e That no more houses be built in the arec nown to be subject to
demage wntll the cause of tho damuge be more eerd: inly known and effeots
ive preventive measures doternined,

2)e That until the offect of water ia the fon meterisl has besn
detern ned, every offort be made to lagsen the woter gontent of the fan,
This should include: a) the diversion of runoff from the fen at leart
as far up the slope as the north 2ids of the ballast of the Kenilworth
Sransh, and loading 1% zway by lined ditches so that the wator hes no
opportnity to seap inte the ground south of the railroed, b) tho use of
discretion 1n wetering lawms ond gerdens near the houses, and @) the
placing of weep heoles in all retaining walls near the houses,

3)e Am woter lines are repaired, "lexible scuplinge sheuld be
installed se that not enly will repairs become lsese freguent, but also the
possibility of water sscaping from broken malns will de lossensd,



4)e That en investigetion o mede by eompotent oonstructiom snd
foundation engincere looking towmrd:

Ge Hothods of stabiliazing the foundation materials of the
hounes, sither to faprove the physicel properties of the carth meterisl
ar to give & grector offective bearing avea for the load of the house,
in order Yo decrease further dammpa,

bs Detorainetion of the safe beerving sapaeity aud conselides
tdon rate of the fan maberial,

%o Mamwamumm
of aggreguto, cement, and reinfereing matariels suliable in thir aree
for eonereto work subjested to posaibie high stress end %o the presense
of sulfatewcharged usters,

3)e The determination of the actusl csuses of movemmt and of the
mothods applicnbls %o prevent them ealls for additional information,
If the intereocted nartiss belisve it worth the eost (o get thic informae
tiom, the following sheuld o donet

8. Dorings should be put down at loast to the %op of the
underlying shale %o dotermine the thickness of the fan, the shape of
the ghale murfoce, the proconce or abaemoe of a elippery sone at the top
of the shale upon vhish the fan ney be asreening, and the depth %o and
slope of the weater tahle, Semples of the fmm snd shale matoris]l chenld
alse Yo obisined fer testing,

b The feasibility of using pecplysical methods to Jotermine
the shepe of the ground wmter table and the position of the shals surfage
should be eensidered,
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