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Rlot Springs Natiensl Park, all Jealing, in pert at lesst, with
the slumping slonz the yosd on Fest Houmicdne The first repert,
¥o, 50, vrepared from m fnsprotion mede June 10-1!, 1838, =es
kwsammmmtn XY 8 B T
milt of the fuvestigation mede at that time, I prepaved o menc-
randun o the ragiomal office., Fxoerpts from the nemworaadee are
| presemted heresiths

w.mMmtmuw%?&umuwsm
1958, waior the divestion of the Morewn of Pabdilc Roelts,
nuammmmmmmmqummm
Bot Saringe 13 located to the top of "eat Yomatain, The
pard of the rosd maier senpldaretion 1les om the south
alope of the mamtain sad just sdove wmd sverlooking the

ﬁivo

*The rooks in Vest Nowmbain cusrists of seversl reslo-
zical Tormations, memely, in nsewndtiang order, Arksnsss
- nvaeulite, Mot swmdatone, tn? Dtanlay shale,
mmmmmmmﬁhmu. It is In
the part of the meumtain occupist By the Jtanley shnde
thet the dsmsge has comnrred,

“Zpet Honatain is covered with heawy tinder, <hiafly

. oake ‘™he gradisul, or slope of the mewntclin, setad-
Uihed throuch 1y perieda of %.im: is thad vhich »ouls
Mhmm. The "sngle of repose,® or slepe,
1s the norsal slope of shout tweatyefive to thirty Jdegress,



*Inte this alope the road hes r
tank cn the wpper side of the roud is
five to thirty feot high, with s protl
fortp-five dogress. The seil snd loose rock expesed
alomy this slops bhos slumped in muny pleces ever &

Alstence of a cusrter of & ¥ile, 4 recent rain of

something aver onc imch in tremty-four hours is said
to hove ssupei the Asuage. tamy of loose materw
221 Yroke leose sn? alid dom the bank, or wss washed
down galiles, in plnces almost Tilliag the road,

*T am informed that the vsiafall for the ysst few
acaths Les beon wach belos norsal, and that L1 the raine
fall had hoen of the $ntensity usisl in cewivel Ariansss
&t this sesstm of the yesr, the slumping woul? prodakly
have besa mach grecter,

"Mt 4o sether exsmpls of men's disturbance of natare's
emilidrivn, estadlished through long perieds of tiows
™he norual tree-povered slope on Yest Jountain was wed
sroted mtil the read mas Mailt,

vI2 »ill be Decesscry 1o take romedlicl wecsures to reN-
" ody this conditich or slumping «a!i oreeping will contine
we fndefinitaly, snd 5311} lavger szounts of soll end
lsoae roek, avemturlly carrying large forsat trees, will
contimse ‘o e sarrie’ dortoward into the read, I o0
sider 1% s major prodiem,

vIn wy Judgnent the drainege of the entire rosd aysiem
o the south zleps of Vest Moumtein s insufficlest,
1 mggest that competent enginesrs stuly the prohlem,

T waos of 50 balter method of shecking the slumping
md sliles alony the roadside than by bailding & rotaine
tng walle Kamy walls huws basn uili sleng the roads
on Bot fn-inge Hountain, seress the walley, In these
capeq thay vere stralght mmsonry valls end rether wo-
atghtly. PFlanting of honeymsakle, visteris, an? other
gixtler shrube sni vises have domo mach te cover he
2GANE

ly saproziiea »ould be thet the well nlump the rosd
in mestion on the sowth slope o “est Younlain e
tuflt of rough atome, eash succeeding laysr dsing seb
buck with pleaty of gpeoe for p%jum sruddery,
There is 3 stwmdisnse of muita¥le rough stome for this



vovk in some of the asvamlite qusrries in the vicine
ity of %ot Oprings. T bellews thet this method ef
sonstrusting s reteiniag well »111 prove pedloluetory.

 Ia afditien %o howeysuskle snd vecterin, T sugpest
that ‘he Mgk hmekleberry, native to this region, be
plonted cu the slopes.

5% Adsoussed the matier of the vetainisz wall snd
temient of Het Sprisge ¥sthonel Parlt, vho wery kindly

rent ower the roand with me, and vho shoved pe ewvery

possidly courtesy sad asalstsncs while im the perk*®

The secomd repert, %o, 110, wis prepered from sn fnspectlen
nade Pobroury 25-28, 1987, st vhich tles I wes cocomamnied by
Engincor Mekl, Ferestar "irt, ea’ Lanlaceps irchitects Cornell
snd Dlederich, uperintenient Libbey snd Agtiag Park Fataralfst
' Lix, vere ¥ s on ihis Laspectica,

L0%p n aareful study of the situstion in the 1314, the
varions miam prepared and subuitied revo-ts. “xaornts
from ty Foport No. 110 on the geology of *ha aitustion fellews

*Eocks Balonsing to two peologiesl ferestland oute
 erop om the esst slepe of Test Mountalm, nemely,
- the Hot fpcings sandwtone sn' the Standley shale.

. Tn evdinavy stesiligraphic secuence, the Yot Uprines
sandstone underlies the “tenley. Bat; st this place,
the veverse is true, Througheul the Ousshite Houne
teins, in which Bet Jpringn ie located, there are
wonry Tolds, inoluding sntiolines and synclines, vhere
the roaks heve hean sherply folisd, sal la come Ssges

 owertnroed, 0 thst they mov 1is "om thair beks,"
8 shom in Tigare ¥ of tho letier Wy K. ¥, Lix st~
Aached hereto,

“On Pent Youmtain, szt ihe sits of 4o slomping

abowe the roud, the Bot Srrin:s sendstonn ferma the
, Mcf%,riéw.mm,mnmtofWM
. tarned pesitien of e Yodu, the Manlay shale mnd-

crons slony the slops below, BPath “ormationo dip



fnto the movntsain, ﬁwmghn"ﬁ&ph&kmw&mﬁa}y
atrightmlu%ﬂnawwﬂwmn. The slumping
alenz the road appesrs %0 de entirely in the material
overlying the ded ek Stanley shale, This appsr mate
izl 1s compezed of & mixiure of residual cley amd
scrih, vith frageauts, large snd small, of seadstowe
darived from the Het Jpriages ssndsztone, rolle’ dom the
BilY, “The gonlogicel term "istritua™ It used fur such
usterianl,

*ig ghovn In piis whionr Bead boen %gmmmm

" mléps previous to oar srrival, the ihickoese o7 the vare
im sonbers of the owsrburden shove the shals varies

- from 2 fest asar the upper nerd of the alops, wcw
12 feet further Jdom the slope alomp the rosd,

"in approxincte sectim of the detriten stove the Tlane
ley ahslc bed rack, e aromn in 4the pite, 12 a3 Tullewns

1 to 7 Test, top wﬂ.

2@ "’M M, ﬁ‘lw. g ndome mmn
1l ted f‘w&, yellantish oley

Stanley shale .

| *Ly, ghuld be reusubere! that oaly the lowsr pirt of
the Mtenley shale 13 exposed an Yest Yeunlain, This
formetion i in plscas wa m as 6,000 w0 10,000 fant
 thick,

Wﬁamﬂrﬁmﬁeﬂwa’%m&sﬂmg the slope
of the memialn, through lome poriets of ilme, her pro-

duned & slope veryiny “rou 20 te IO degress, This ia
mom ad the snple of repose,

"Uator norasl contiiions han t!fzes mima ns bartals ,
howe some 40 5 atate of ecullibriem, this angle rewnins
conetzat snd vory 1ittle saterisl is dsplaced or uoves
down the hill, On unamially steep slepes landalides
sometines oseur, md o norsel slopes thars 3 Zre-mente
wawﬂmamwtwt*m‘ towsrd the velley,

"Tae slmpiog on Test Hountaing shick is eccwrring fa
the detrisus ahevs the Jtanley shele, iz the mm%.
chinfly, of two fantors, ssacly previty mll, d the
¢ hahrzwaﬁm of the Adetritus hg' saber.

"Mzture te now ttmw to reenta¥iish the sagle of
mmmmmmzma by man,



70 me, 1t spssare very prodebls that this sineping
M@t{»whmmm, at locsl In & large messure
by the comstructica of » reteining wall, or by other
mesheni-al moens st the time vhen ihe roet sar Mirest
Wilt, and bafore thers hod besn any movement of mabe
ardisl ia the slopes above, On Fot Jrings Mountaln,
agross the velley, vhere gaolagicsl con'itions ere rmite
asinilar, walls were Dullt st the (ine oF the cenetru-tiom
of the road and 14it)e alvmping bos oosurred, Tven 2t
the time of ny first visit suok = wall =eul? ‘cudiless
‘hove prevented & coneideradle amount of slumping, Put
upter fron the Jesaary raing have 3¢ offested the olepe
that eracka parallel to the rosd srTe nov sveming up 21l
slang the mumizinsife slows the rond, eon showm In fip-
ure &, ZDowe of them sye Z00 fast from the rond,

"Tater fros Putuve reins will ~ontimo Yo oo inte
these oracks,; loossaing the detritus mmd sugmenting
the slidler of the msteris)l ‘o tate the roed, is
leng as the luve of gravity ~ontime ‘o sprrate, awd
while water from reiasll contizeor 0 307t rmd lube
rioatds the matorisl, this Zetritus +111 coniimme
slwep domabill, snd this +311 not top antdl sither o
nutoal or an arefficlsl equilibriom hns beon srtshe

mmw'mu@mzsmwmm
than & gnolorical grollems,

'Ry somments on the ritustion moy Y ssperized ap
followss

The slumping om “ent Houmtsin 2 !nmg
saused by pravity afda’ by cater shich
1sosene the detritos, -

Wature's cogle of repose, or mgls of
reut, which hal been sstabiishe! Ciremsh
leng periods of tine, hen Pesn Aiatarbed,

Brture 18 now siteapiing to rewgrtollish
this equilivrium, @2 =11i contime ‘o 20
By

To check the slomping scee mecheniosl waona
whould be ewnluyed,



: Wmt englineers, oxperienced in probe
lens of this kind, should sugpest the bevt
3%0 .

Slumping coml! probably heve dewn prevented
by propsr peens st ths time vhen the remd
was ballt, and Defore the deiritay had
sterted slvmping.

iny method of somtrel should faclute & core
fal atudy of the satire drsinspe sywies of
tha roads on the mountain,®

fhe third ropart, No. 117, ves Trem sm inspsction July 10-
11, 1827, wnf in 1t I recapltulate the condivions on “ent Voume
tatn ond sebdalt qustalling fros the L-0 wericus mwt% sivem
stove, I then comal as follover

*On uy inspection, July 10«11, tho remalis of shiech
ave madolisd fn this vevert, T foun® thad 11tile ate
tenyt had teen made o remedy the +ltuation on Vest
Hountsin, 3Ioeswer, sceording to Duperintendant Libkbey,
the Burssn of Zubidc foals which hes had charpe of
the construction of the road, has besn raedting plens
to vamedy the slumping, As explainad %0 me Yy Juperw
intendent L1t wy, these plams in-Inle 51; the w1lem=
tag o° the road e toe covmhill eife, (2) the fnetele
1rtion of comerste cribbing met into the upoer perd
of the pveseat rowcery, (8) the hullidny o & Tive-
faot gutter ln fromi of the ori™tes, {4} the Willds
ing 57 a teresced vook retaining wall In “rout of the
erivbing, with opunings vrovided for the plontiugs of
mhrute ond vines, und (5} & sorier of drnins of pore
faveted, corrugsted tile 1z ‘he tank sdeve ihe wekly
s wmder en’ through the «ridbing, to ieke sare of
ug:hﬂ roinfull sud wmber poreslisting through the
85014

M4 o111 bs noted thet thiz plau Aoea met 17Ty
wetoriclly from ths ome I suggssted a yesr agte

%0pe affert of the fantelisiion o thia critdiang md
resaining well st1l be to pernil = periien o tha rogk
and dedrss frewm slove 5 come to ezt bahial the wall,
and in o semze tond 10 redtors Nature's “magle of re-
oere,” which was destroysd whem the road waa Wailt.



"y judgment ia thetdien this wall has besn fustalled

14 ghoul” go fer toward solving the peshlem, Only

time oxn tel vhere or not it w11l be 100E effective,

"Honmi-o8 zre «lso being tsien to correst the dreine

:pe sidiation ae suppested in sy first veworsndus,

Coneiterable yot remuias to bs ‘one aloms this line,

mt prograns 18 delng mede.”

At the time of my imspexties, vhish forms the basis of the
present report, I foum? thet sfter many Aelays the work of stabe
f1isation of the rosd had started in Wovesher 19Y7, seventesn
monthe After sy Tirst veport In June, 1978, had besn gubmitted,

fr. Tinter, engincor of the Duresu of Public fon's, swd
nis seslstent, %r, Crohm, ascompemiod Superimtentent Libbey and
ne to the aite of operatima nn? ve Moousse! wverions probtlenms
in the 7leld,

Niring the trenty-tso months sines the time of my "iret
- visit in Jume, 18%8, the olumpinz wmd s1iing of the dstritus

o the mountainsite above the rosd has contimue’s Tach rain
gtarts ney aliding, Pumdveds of truck loede of 4irt and reck
have bemy reacved Trom the read, i mmmber of valuable forest
treen, some of them tro fort in lmeeter, have slii dom the
slepe wo that thoy Rad ¢ be resoved, |

At the present tine ¢ aren of men, under the divectiom of
the Suresn of Publia foads, (s belny ceployed buil’tns eridding
and a reteininy wall, o Tosk rompert, to prowent the slumping,
&8 shoem in Tigures 1 snd 7,



T™he critding consiese of comorets stretchers 8 2 8 inthes
ant! 8 oot lomg, with cross haders € 2 8 inchas by 5 Fast, all
boltad together »ish 5/4 dnch bolts, Figures 3 mmd 4 show
- this oridtbing In place. This oridbing is botlossd on seldd eley
snd i inclined fovard the W11, Tho erih is filled -1th rook,
=8 ghown ia figares £ and I, The front of the erid is faoed
=4{¢th & wally or rampart, shoem in Pigores 5 and €, comotyucted.
 of lorge doalders, some of them welghing up 1@ t o toms, £
| sestion of thia well is shom in mm 7. ‘e apaces hetuesn
~ the boulders are boing f1lied with sail for the plenting ef
native shratw, za shown in flgures T snd 8,

This aridbbiag anl sall sprosr to b canstructed in & worles
zanliko mr, aad 1L appears 0 me very litely thet g4 w11
"nm {ts purpose ond keep the meterisl Trom ehove from 31D
ing omte the roed, ,

I 30 net bellewe thnt this crivding wad well 411 »%0p
the slides, for, us I haw pointed cut in wy “ormer reports
iqnoted abeve, hwﬂa’mhz of reposrs han down @wtm, wnd
gvest crovks huve Yo apened an the HMillelde zhove the rend,
The faroe of gavity, sided Wy lubriostion faficed by rainfull,
wili con tmus to pull great meeses of detritus down hill, But
1t sppears probeble that the oribbiag will ceateh the dotris as
1t alides dowm and prevant it fvom reaching the road,



I 3t111 believe Ahat & sonsiiercble part of the sluwping is
dus to n defective systes of dreinsge on the mowmtainsite, pertie
eularly oa the seitohebatk rend Immedistely showe the ares thet
s aliftng, m:vnmmpmtmsmw“m;am
e pede of the entire dreinage system on Test Nounixin, 4 part
of this drouble has been corrested, There sre still tso aulverts,
hovever, e of which 13 shewn in flgure D, which cross wnier the
upper roud end, after rainfell, discherge thetr mecumsleted lead
of water on t'e cres shere cracks sye forming snd which ip wliiding,

Gn he Bight of April 15, 1580, st the time of wy last vislt
to Hot Springs, 2} dnch @ of rafufell vithin ¢ fow hours, Wext
'mmiag!MWﬁtmﬁ; e hillstie wez saturated with
mwmwmmmmm‘wmﬁmmmintnm
_of water unier the road. Thls waler ren dowshill, setursting the
slope and omusing additicasl slweping,

For these roussnn, I rish %o rensw my former resowweniations,
namely, that a study he uode of the drainage protiems aleng the
road on Test Yountain. I further recomsemd thet steps Do token %o
remody extating comditions, |

It 1s wy fmigment that hed su-h a study been msde to stablle
{70 the slope st the time the roecd wes Built in IBZS wd 1906, the
slonping sight have bewn largely prevented.

Bvan st the tims of uy firct inspection in Jwne, 1958, it
was not t0o late 30 prevent « considerabla part of the demage.



fwcessive ruing hove loosansd the sofl wdove the rosd md, lxok-
ing » materal sappors Crom beloe, this mass of muterial 442 the
only thing possible = 41 2113 4o-n the hillstde into the road,
Terteinly hal ﬁm remndisl messures been umisriv-em goon after
Jume, 1956, the expenss would have Baen much lean thum that vhich
ta belag ineurred at thin time, i the cosults edteined weuld
M have beon mach move satisfeotery.

But it 12 my Judgment that the plan nor in operstion, ale
theugh talsted, will do mach towsrd remedying the evil, Tuly
time will tell shethur or wot 14 +ill be sntirely effsctive in
stopndn: the alides. Certuinly thers sill remain & gserice of
wasighily scars sbove the rowd Mﬁmg for & &ism of
pearly half a adle, shich wmmm mared for mony years, mad
st sonsidersble axpense. Viess of tais laadslide above the
sridhing nre shows in figeres 10 =t Ll

Superintentent Libbay 1s to be somsenied for soing 811 in
his porer te corrwct the evil. He hoan conourred wholewherrtedly
{n the recesmondetions of the tevbmicisns snd has glven ewery
saelistance,

Lespen¥illy m:Mth

THAS, N, GOULD
SFOYCHAL CECLOCIOT



