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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUITE C 
SALT LAKE CITY, UTAH 84108-1295 

TELEPHONE 801-524-3422 

July 18, 1985 

Dr. Barry Voight 
Department of Geosciences 
Pennsylvania State University 
University Park, PA 16802 

Dear Barry: 

Thank you for the opportunity to respond to the suggested outline for a 
report by the Task Group on Snow Avalanches. I feel very strongly that a 
study of•snow avalanches should be included in the overall effort of the 
Committee of Ground Failure Hazards. The hazard from avalanches is high in 
many areas, their potential for damage is great, the need for research is 
largely unappreciated, and the possibility of having a positive effect on 
hazard reduction exists. These conditions justify inclusion of avalanches in 
a report. 

A major accomplishment of a study could be to raise the national profile 
of avalanches as geologic hazards. Their destructive potential is not 
appreciated by the public or by decisionmakers. Population pressures are 
increasing in the mountains, as a result of expanding towns and ski areas, 
recreational home development, and other growth. Some land use planners are 
aware of the problems they face, but many are not. Planners in Utah have 
questions, but do not have reliable sources for answers in many areas. The 
highway department in Utah is not always able to manage avalanche problems. 
They are currently redesigning a road, which is typically shut several times a 
year by avalanches, but they are not sure if they will be able to fund a study 
to identify frequent and infrequent paths. The relatively early stage of 
expanding mountain development suggests that in many cases there is still time 
to have a positive impact on hazard .avoidance. 

Raising the national profile of avalanches could also have a positive 
impact on funding for research. The closing of centralized research at Ft. 
Collins, and the inability of another federal agency to take on a funding 
role, means that at a time when research is expanding in many earth science 
areas, avalanche studies are not increasing proportionally. It is my 
impression that the applications of sophisticated electronic instrumentation 
and computer data compilation and analysis are only recently making an impact 
in avalanche studies. Expansion of these efforts may lead to major advances 
in understanding both pure and applied aspects of avalanches. Funding 



problems, which could inhibit such efforts, should be discussed in'the study 
by the committee. 

One point that I feel is important, but is not reflected in your outline, 
is the nature of the existing data base. Unlike most hazards, which have an 
extensive literature of engineering and geologic studies by professionals, 
avalanche studies are a mixture of technical investigations and applied • 
studies by ski area personnel. In Utah, good data on avalanche path location 
and history exist for only a few canyons, and for only a few decades in those 
canyons. Most information is limited to the lifetimes of current observers, 
and many years of these observations are not rigorously documented. This is 
too short a time to evaluate a geologic hazard, in which large magnitude, long 
recurrence interval events create the greatest hazards. It is my impression 
that many avalanche workers do not appreciate possible 100 year events. I 
therefore suggest that the nature of the data base be discussed in the report, 
and that possible mechanisms for bridging the gaps between "ivory tower types" 
and "ski bums", both of whom have valuable contributions to make, be 
suggested. 

Mountain meteorology is not addressed in the outline. This topic, which 
is the subject of a national workshop this fall, is crucial in understanding 
avalanches. The workshop convenors should be able to provide you with much 
more information. 

These are my first brief reactions to the outline. Overall I think that 
it is quite good, and it certainly represents an ambitious effort. I would be 
happy to provide you with further thoughts, if you would like. 

Sincerely, 

Duncan Foley uuncdn roiey 
Geologist/Project Manager 

DF/jp 
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This preliminary proposal outlines the current 

•Functions of avalanche forecasting and research within the 

Wasatch Mountains of Utah. It also addresses the need for a 

central 1ized program to manage the operational program of 

avalanche forecasting, to develop and implement improved 

mountain vjeather forecasts, to organize and analyze the 

volumes of snow, aval.anche, mountain weather, and 

backcDuntry usage data callected by the current Utah 

Avalanche Forecast Center, and to develop and support snow, 

avalanche, and other related alpine research. 

There has been an astronomical incre.ase in winter 

backcountry use over the last few years. Also there has 

been a dramatic iricre.a5e in resi de.nt i al and commercial 

mountain development. This puts greater p.>-"essLire on any 

central 1 i zed avalanche program to p.-^ovide more accurate 

assessments of avalanche potential for each special interest 



group. Unfortunately the study of snow and avalanching is 

still in its infaxncy and the increasing demand for 

predictive acctu^acy is met with an increasing need for 

research. 

The most famous .and productive avalanche research 

project i.n this country was performed by the Alta Study 

Center which was disba^nded in the eaxrly 1970's. The 

establishment of the Wasatch mountains as a study center has 

a long and reveared history .and the absence of the study 

center has been felt by all who work in the mountains. 

The Rocky Mountain Forest and Range Experiment Station 

in Ft- Collins, Colorado took over the snow and avalanche 

research project. This was the only snow and avalanche 

research center in this country until last fall when the 

program was terminated. The only other avalanche rese,arch 

in the U.S. is performed by a few members of the Engineering 

â nd EriQi.neering Mechanics Department at Montana State 

University in Bozeman, Montana. In addition, some faculty 

at other universityies occassional1y get involved in snow 

a\nd ava^lanche research projects. 

There are four regional avalanche forecast centers 

within the United States, the Colorado Av.5l anche Information 

Center, Utah Avalanche Forecast Cente.--, Northwest Avalanche 

Center, and Alaska Avalanche Forecast Center. There B.re no 

avalanche research centers. There &res o.nly five full time 

mountain weather forecasters in all of the Americas.' Three 

aire avalanche forecasters at the Northwest Avalanche Center 



and two others work in conjunction with the Alaska Avalanche 

Forecast Center. All are self taught. 

Understanding avalanche phenomena is an 

interdisciplinary problem. For example, the principles of 

chemistry a r e applied to crystal!oqraphic changes of 

deposited snow gratins. Geology and geography techniqties at-e 

used to evailu.ate snowpaick stratigraphy and ma\p hazardous 

terrain. Designing sensitive instrumentation to test 

delicate snow properties .snd extreme weather conditions, 

evaluating snowpack stresses .and avalanche impact p.-^essures 

all pose engineering problems. The meteorological aspects 

of a developing snowcover A r e strategic for avalanche 

control and forecasting. Understanding the stress, 

fracture, and flow properties of snow requi.•^e techniques of 

physics and mathematics. Problems in fo.'^estry s.re addressed 

in reforestation projects within aval,anche paths and the 

influence of avalanche terrain upon vegortation. The 

hydrology of .a melting snowpack can also be applied to wet 

snow meta.morphi sm, wet. snow avalanching, and snow glide. 

Sociological aspects of backcountry attitudes on risk and 

hazard evaluation are important factors for determining 

forecasting and control services. Avalanche mapping and 

zoning is also .a problem for land use planners. 

c\̂ ^ The reestablishment of a snow and avalanche research 

rv-''''' nA'J''-. .fl recognized 

/)it.^%l'^^, avalanches, an 

the Wasatch Mountains vjould fill a much 

d void. 1 This is an ide.al place to study snow, 

d mountain weather because of its proximity to 



very active and hazardous avalanche terrain, a spring runoff 

whose flood potential is highly dependent upon spring snow 

conditions and winter avalanche cycles, close connection 

with the NWS regional office, an avalanche aware baickcountry 

community, and a scientific community who sr<B well tuned to 

the problems of geologic hazards. 

To this end, we propose a prograim administered by the 

University of Ut.ah which would combine the current avalainche 

forecasting atctivities with studies on mountaiin weather as 

well as other related research projects. Below is a summary 

of programs now in effect and proposed projects. 

BiL§l2Q£b5_.E9Cg££i§;ting - There Are several local avalanche 

forecasting and co.ntrol progra.ms within the Northern Wasatch 

Mountains of Utah. There is also one centrally loc ait ed 

backcountry avalanche forecasting program. The Utah 

Department of Transportation (UDOT) employ two full time and 

two p,art-time avalanche forecast and controllers to cover 

avail anche terrain affecting the Big and Little Cottonwood 

Canyons. In addition, each ski .area has a designated snow 

safety team to evaluate aind control in —area avalanche 

potential. E<ackcountry conditions s.re monitored by the Utah 

Avalanche Forecast Center. 

The Utah Avalanche Forecast Center is currently managed 

by the UBDA Forest Service Wasatch/Cache District. The 

progr.am is housed within the National Weather Service (NWS) 

Forecast Office. Twice daily aissessments and forecasts of 



the avalanche and mountain weather conditions are 

distributed through 24-hour telephone recordings. Data on 

mountain weather and snowpaick conditions a r e collected from 

remote weather observation stations, and mountain observers 

(snow safety personnel within each ski area and UDOT 

personnel in Big and Little Cottonwood Canyon). In 

aidditi on, all of the available NWS ainalysee and prognoses 

aire a'lt the dispos.al of the avalanche forecasters. 

These data a r e analysed by experienced snow and 

avalanche technicians and i nte.>^preted for a -90 second 

niessage explaining conditions to backcountry users. An 

observer report is also recorded on a separate telephone 

line which details the weather and avalanche conditions with 

a lengthy .meteorological synopsis and a summary of 

observations, avalanche accidents, and snowpack structure. 

In addition, during high hazard conditions, special 

st.atements are distributed to all forest service districts, 

the medi,a, and other NWS st ait ions. 

An educational program is also a part of the Avalanche 

Fo.'-ecast Center's functions. Talks B.re given to special 

interest groups, outdoor clubs, other state and federal 

agencies, and school groups. Special effort is made to 

interact'with backcountry users, mountain observers, and 

other .avalanche forecasters and controllers. 

Accidents are investigated and reports prepared for 

public i nf orntati on . Special activities also include 



a i d y d s l n q c i t y si.i\d c o u n t y p l a . n n e r s on a v a l anc. i ie z o n i n g 

p r o ' b l ems--. 

T h r e e f o r e c a s t e r s a r e c u r r e n t l y emp lo -yed f u l . i t i m e f r o m 

N a v s m b e r t h r o u g h A p r i l , A f o u r t h f o r e c a - ^ s t e r i s e . i r ip loyed 

p a r t - 1 i me f o r t he ma j o r p.a'r t o f t h e VJ i n t e r . A l t h o u q h t he 

d s l 1 a r a m o u n t C-h-55,000.) o f progra+m' f u n d i n g i s c p f r i p l e t e l y 

F o r e . s t S e r v l e-e, i n k i n d p a y m e n t i s a\l-aD r e c e i v e d f r o m t h e 

UD.DT a n d l o c a l s k i a r e a s f o r d a i l y w e a t h e r " , s n o w , a n d 

-avai l a n c h e o b s e r v a t i o n s . The NWS a l s o h e l p s By p r o v i d i n g 

o f f i c e sp.ace .and u = a o f a l l t h e i r f o r e c a s t f a c i l i t i e s . 

A v a l a n c h e f o r e c a s t i n g i s s t i l l an a r t . Each f o r e c a i s t e r 

d e v e l o p s h i s / h e r own m e t h o d o l o g i e s o-f f o r s c a s t i n g b a s e d u p o n 

p e i" s-c n S.I e >;• p e r i e n c e , u n i q u e- c.l ' i ma t l c c e n d'i t i-o fj s o f t h e 

m o u n t a i n r a n g e , un' i .que. a t t i t u d e s o f b a c k c o u n t r y t r a v e l e r s , ' 

a s w.el 1 as k n o w l e d g e o f snowpack ; m e c h a n i c s , n t c i u n t a i n 

t e r r a v i n , a n d i n f l u e n c e s o f v j e a t h e r . Much w o r k n e e d s t o be 

d o i-i e t o a n a 1 y z e t hi e v o l u m e s o f d a t a- c o l l e c t e d , d a i I y . 

Q u a n t i t a t i v e t o o l s f o r a n a l y z i n g .a,nd p'r'ecl i c t i n g n e e d t o be 

d e v e l . D p e d . We d q n o t u n d ' e ' r s t a n d how a v a l a n c h e s i n i s t i . a t e . 

y e d o n o t u n d e r s t a n d how snow r . e s p o n d s t o t h e v a r . i e t .y b f 

s t r e s s e s t h a t cro^a-ite av.a l a n c h e s . Ba^sic r e s e a r c h on t h e s e 

t o p i c s w i 11 t i e l : p p r e d i c t i o n . TIjie s o c i a l a s p e c t s o f 

h a c k c c j u h t r y u s e r s who t r . a v e l w i t h i n h-azardoLiE t e r r a i n s h o u l d 

an.lso b e s t u d i e d s o a m o r e u s a f L v l a v a l a n c h e sudimairy. c a n be 

e s t a b 1 i sh ied . 
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t]9yQti3i.n_W§ather_- Currently the weaikest link in avalanche 

control and forecasting is the 6 to 12 hour weather 

forecasts. The avalanche forecasts and control programs 

rely on generalized zone forecasts that do not necessarily 

reflect mountain conditions. Without accurate predictions 

of wind speed and direction, temperature fluxuations, and 

precipitation aimount, intensity, duration, and timing, an 

eff i ci ent . control program is difficult and hats often relied 

on the "sixth sense" of experienced field personnel and an 

incredible amount of luck. 

The Nation.al Weather Service is aware of the problem 

but does not have enough personnel or time to provide the 

p.-^ecise forecasts called for in mountain managenient 

opera-itions. They have indicated a desire to employ a 

mountain weaither forecasting program if financial support 

could be found. The management level of private ski areas 

E-.rs a.l so aware of the need to support .a good mountain 

weather program and have indicated the possibility of 

helping to fund such a program. 

In the early 1970's the University of Wanshington 

recognized the need for improved mountain v.»eather forecasts 

and a project was funded by the Washington State Department 

of Transportation to initiate weather forecasts by tv-;o 

meteorology students at the LiW, housed with ing the NWS 

forecasting offices. This progr,am has since saved the WDOT 

so much money in aival anche control operations that they 

r ecent lv aiwarded the UW with a merit of excellence. Since 



then the Northwest Avalanche Center (now managed by the 

USDA-Forest Service) has provided precise mountaiin weatther 

aind avalanche forecasts twice daily by trained 

meteorologists who A re also snow scientists. 

In the early 1930's the USD'A-Forest Service Alaska 

Avail anche Warning System employed two meteorologists to 

foreca\st mountain v-jeaither in the South Central mountains of 

Alaska. Since these meteorologists were not trained in snow 

science, they have since had to hire extra personnel to act 

.as ILason between the meteorologists and the avalanche 

forecaisting program. The entire program is now administered 

b/ the University of Alaska Arctic and Environment Data 

Center in Anchorage. 

Developing a wind flow model for the Wasatch i-4i 11 help 

devise a much needed quantitative precipitation forecast. 

Understanding the mesoscale phenomenon of over-land air 

rf:asses could improve hourly forecasting. Increasing 

ridgetop weatther stations will provide much needed data to 

develop and improve forecasting programs. These Are just a 

few sugg(=st. i ons to improve our understanding of mountain 

weather. Because there A re so few mountain weather 

foreca.sters throughout the world, and because there is no 

unified research on the problems of forecasting mountain 

weaither, ax research center est.=ibl i shed to study these 

problems would be a great asse?t. 



CurreQt_Act lyj^t i eE__- Several mountain observerE wit.hin the 

Northern Wasaitch mountains have expressed a desire to be 

involved in ava.lanche res.earch. These include geologists, 

engineers, aivalanche f orecaistsr s, aind snow safety directors. 

In addition, several Etructures have been offered as 

potential alpine observation stations. 

Currently one project is alreatdy underway v̂ jhich is 

supervised by Ferguson. A specially designed camera has 

been set up near Alta Ski Area to photograph snow crystals 

55 they A re falling through a storm. This information will 

be Corel lated with upper air weaither observations and 

avalanche occurrence to improve forecasting techniques for 

new-snow avalanches. The camera is being maintained by a 

ski patrol member, Mairk KaswaitaEki , who is using his own dark 

room equipment to process the pictures. Funding for this 

program is being sought and a proposal is planned for 

conti.nued vjork next winter- The findings will be presented 

at a snow science conference in D.avos , Switzerl.and in the 

fall of 1936. 

F;ecently a proposal was submitted to the USGS in 

response to F;FP 15S6 by Ferguson and Duncan Foley 

(Geologist, Project Manaiger, Earth Science Laboratory, 

University of Utah Reisearch Center) entitled, "Ea^rthquake-

induced Avalanches a^long the W.as.atch Front, Utah." This is 

a 17 month $76,500 proposal to catalog the avalanche paths 

that affect lifelines along the Waisatch Front, estimate the 
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avalanche t.-^igger efficiency of a large earthquake, and map 

t h e z o n e s of" i n flue fTC e. 

A p r o p OS al . i s be ing. s u b tni 1 1 e d to t h e U DOT to catalog 

all av-al anche paths that affect highw.ays that are riot 

supervised by an aval.anche contr61, program. These include 

rr G'VD, Daniels., Ogden, Mar th Dodsn , aind Logan Canyons. All 

of tt •so were blocked' by snow slides tNis wi.nter. It is 

felt that ,i f the Utah Aval.anche Forecast Center knew the 

st ,ar t i' ng -i: one el eva.ti ons , aspe.ri't.s , and 'slope cbn'f i gur at i ons 

of each of, the avalarsche paths, that affect these roads, an: 

early warning s.ystem could help, to allsviat'e any potential 

1 PES .of life or dama,g.!-= to equipment. 

-F s r g u s o r̂i will t e a ch an up p' er 1 e y e l s n o, w p by s i' c s c o n r s e 

next ye.ar th'roLigh, the 'U- of U'.. Physics Department. This 

V'Jill be an- extensi-on o.f the. cour'se oftered' b y Peter Lev in 

the Geography Departmerit and will require Etudents to have a 

SGi.erice and' math background. 

F er g U,E On 'c wn s " Th e A va lane hi e Re v i e w , " a marrt h 1 y 

p; u'b 1 i c a.t i on for ,,,a va 1 an c he p r of .e ss i onal s. Th i' E D Lihl ication 

is CQ—sponsor,! ng am Avalanche Weather Seminar with the 

American Aval an.cbe InEtitute to be held -Obtdber 25, 26, and 

27, _19S5 in Salt Lake .City- This semi har may. be an 

oppGrtune ti'me for tlie Uni ver si ty of Utah to become in vol ved 

i n a V a 1 a! "ic hi e.s as a the 11 Ti r d s p o n s c r . 

Funding.,— Funding opsr'avtiqnal programs come from the users 

themselves. If an Alpine Research Center were established 
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and were to manage a backcountry avail anche forecasting 

progr aim it is felt that the Fo.̂ -eEt Service would continue to 

support a bulk of the program as a service to Forest land 

users. Outdoor clubs, st,ate pairks, aind the Utah Ski 

Association will also be asked fo support the operational 

programs. Personal communications with UDOT and private ski 

areas indicate they have ai desire to help support an 

improved mountain weather forecast. They may also support 

development of computerized guidance pi^ograms and 

instrumentation for weaither, snowpack, and avalanche 

occurrence. A project designed to imporve the p.-^ediction of 

avalanches affecting state highways that do not employ a 

regular avalanche control team miay solicit supiport from the 

UDOT. Basic research projects would be su.pported by the 

federal DOT, NSF, USBS, NOAA, etc. An extension of the 

program to incltide other public lands within the state may 

attract support from other state aind local agencies that 

service winter backcountry skiers, snow mobilers, snow 

shoers, road crews, and mining operations-



t r o i s c i Plan 

hctivity 

First Year: 
a. EstabiJEh a concrete 
definition of purpose. 

b. Develop a aarketing plan 
and carry il oul. 

c. DeveioD a cooperative 
aQreesEnt tatKeen govBrnaent 
ajenciea and private groups 
lo fund the ODeralional 
avalanche forecasting progras. 

d. Continue operational back-
country avalanche forecasting. 

e. Solicit grants for a fes 
special projects to begin a 
cedible foundation for 
research. 

Second Year: 

3. Continue Marketing 

b. Continue operational fore
casting progras 

c. Begin to quantify and 
ana!y:e the vol uses of data. 
Develop a filino systes tor 
detailed accounts of all 
avalanche accidents. Begin 
a hi sto.'ica! survey of 
avalanche accidents to add to 
this file. • 

d. Estibiish an iaproved 
sounlain tealher prograa. 
Develop so.'e quantitative Hays 
to cispla; ano t.'a.os&it snowj 
weather, and avalanche 
information. 

s. Continue research efforts 
silh special pro.iect funding. 

f. Solicit support froa 
researchers in'other 
deoarteents. 

Cost 

J 1,000? 

Funding Source 

$3,000 
!2 eonths suaser salary) 

•170,000 

11. of U. ? 

USFS 
Ulah Ski Association 

UDDT 
Outdoor c lubs 

N!̂ S 
Ski Areas 

t140,000 USSS 
CJDOT.KSF) 

Staff 

S.A. Ferguson and D. Foley 

S.A. Ferquson, D. Foley, and 
R. Handahi (siarketting co'isui-

tant and ski palroller) 

S.A. Ferguson 

S.A. Ferguson, D. Bonles, A. 
Soucie^ and P. Laasrose 

S.A. Ferguson, D. Foley, P. 
Bibbs (professor of Physics. U 
of Ui, H. Kawataski (pholo-

crapher end ski patrolier;, 0. 
fieiringa (snoK safety director 
for Alia, and avalanche fore
caster for UDOT/LCC), S. Rosso 
(engineer and ski patrolier), 
R. Hyatt (geologist and ava

lanche forecaster for 
UDQT/BCC) 



Third year: 

a. Continue sarketing plan. 

b. Broaden scope of fore
casting to include other areas 
within the sia'.e, and specific 
forecasts tor special events. 

c. Continue deveiopaent of 
deta coilection, analysis, 
and transttission techniques. 

d. Continue special grant 
projects. 

e. Begin Developing a high 
aountaln research and obser
vation station. 

f. lisple.ienl a post-doctoral 
research prograa'. 

Fourth year: 

a. Continue sarketing plan. 

b. Continue operational 
forecasting progras. 

c. Continue special grant 
projects. 

d. Add technical support 
personnel to research and 
develop instruientation and 
analvsis techniques perforsed 
at the field station. 
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SUMMARY FOR THE SMITHSONIAN SCIENCE INFORMATION EXCHANGE 

Congressional District: Utah 2nd 

Project Title: Earthquake-induced Avalanches along the Wasatch Front, Utah 

Date Project Started: 

Program Objective: Element III. Regional Earthquake Hazards Assessments, 
Objective R-l: Mapping and synthesis of geologic hazards 
and establishment of information systems 

Principal Investigator(s): Dr. Duncan Foley 

Organization and Address: Earth Science Laboratory 
University of Utah Research Institute 
391 Chipeta Way, Suite C 
Salt Lake City, Utah 84108 

Estimated cost for current fiscal year: $76,500 

States (or foreign countries) to which project pertains: Utah 

Key Words (to indicate major emphasis of project): Avalanches, Earthquakes, 
Snow mechanics. Lifeline destruction. Avalanche path identification 

In 200 words or less, give a succinct statement of the project objectives, 
work plans, and implications of anticipated results for the proposed duration 
of the project: 

The potential for earthquake-induced avalanches along the Wasatch Front 
of Utah has never been evaluated, despite the high probability of a major 
earthquake and the often unstable n a t u r e of the Utah snowpack. This study has 
two parts: to assess the mechanical stability of the Wasatch snowpack, and to 
identify sites where lifelines or other critical facilities are threatened by 
avalanches. Data on mechanical stability of the snowpack will be useful in 
modeling trigger mechanisms for shaking-induced release of the snowpack. 
Sites identified with presently unknown hazards will be important data for 
emergency planners. 

Signature of Principal Investigator: d f / d l / f / J l / 'p^dl,y Date:/^ / J A l ^^ .h 
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APPENDLX c. t.o U.S. Geological Survey RFP 1586 

(THIS PART MUST \Si COMPLETEU AND RETURNEIl ALONG WITH rOUR PROPOSAL.) 

The fo l l ow in ( j rep resen ta t ions anrl c e r t i f i c a t i o n s sha l l be f i l l e d in by 
the o f f e r o r (check or complete appropr ia te ho.xes or blanks) and rnust be 
executed by an o f f i c i a l au thor ized to bini l the o f f e r o r . Offerors nust set 
f o r t h f u l l , accurate and complete in fo rmat ion as requ i red by th i s s o l i c i 
t a t i o n ( i n c l u d i n g a t tachments ) . As used in t h i s document, the te rn " o f f e r o r " 
sha l l be understood to nean " a p p l i c a n t or o f f e r o r . " The penal ty fo r making 
fa l se statements in o f f e r s ai\(\ quo ta t ions is p rescr ibed in 18 U.S.C. 1001. 

-̂ £Mi!i5iI:!L£§LM£M§i!!I^Ii2L^!i2J§5IM!iI (̂'''̂  i*̂ ^̂ ) ^̂ ^ 52.203-4 
(a) Regresentat^on. The offeror represents that, except for full-time bona 
fide enpToyees working solely for the offeror, the offeror--

[Note: The offeror must check the appropriate boxes. For interpretation 
of the representation, including the term "bona fide employee", see 
Subpart 3.4 of the Federal Acquisition Regulation.] 

(1) [ ] has, [ ̂  has not employed or retained any person or coiapany to 
solicit or obtain this contract; and 

(2) [ ] has, [ ^ has not paid or agreed to pay to any person or company 
employed or retained to solicit or obtain this contract any commission; 
percentage, brokerage, or other fee contingent upon or resulting from 
the award of this contract. 

(b) Agreement. The offeror.agrees to provide information relating to the 
above Representation as requested by the Contracting Officer and, when 
subparagraph (a)(1) or (a)(2) j"s answered affirmatively, to promptly submit 
to the Contracting Officer— 

(1) A completed Standard Form 119, Statement of Contingent or Other 
Fees, (SF 119); o r 

m 
(2) A signed statement indicating that the SF 119 was previously sub
mitted to the same contracting office, including the date and applicable 
solicitation or contract number, and representing that the prior SF 119 
applies to this offer or quotation. 

2- TyPE OF BUSINESS ORGANIZATION (APR 1984) FAR 52.21S-6 

The offeror or quoter, by checking the applicable box, represents that it 
operates as [x] a corporation incorporated under the laws of the State of 

Utâ h ^ , [ ] an individual, [ ] a partnership, [̂  ] a 
nonprofit organization, or [ ] a joint venture. 
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RFP ISB6 -- .^PPENOU E (Cont'd) 

3. PLACE_OF PERFORMANCE (APR 1184) FAR 52.a.S-20 

(a) The offeror or quoter, in the performance of any contract resulting from 
this solicitation, [ 1 intends, [̂ 1 does not intend (check applicable block) 
to use one or more plants or facilities located at a different address from the 
address of the offeror or quoter as indicated in this proposal or quotation. 

(D) If the offeror or quoter checks "intends" in paragraph (a) above, it shall 
insert in the spaces provided below the required information: 

Place_of Performance Name and_Address of_Owner and 
("StreoT'AJflressT'CT^y, Ogerafor oT"fHe~PTanI^rTdci 1 ity 
County, State, Zip Code) Ti^'nrHerTFiaTi'OTTeror orn^ofef) 

'*• SMALL BUSINESS CONCERN REPRESENTATION (APR 1984) FAR 52.219-01 

The offeror represents and certifies as part of its offer that it [ ] is, 
[ x] is not a small business concern and that [ ] all, [x ] not all supplies 
to be furnished wil) be manufactured or produced by a small business concern 
in the United States, its possessions, or Puerto Rico. "Small business 
concern," as used i n this provision, means a concern. Including Its affiliates, 
that is Independently owned and operated, not doininant i n the field of opera
tion in which it is bidding on Government contracts, and qualified as a small 
business under the size standards In this solicitation. 

5- SMALL DISADVANTAGED BUSINESS CONCERN REPRESENTATION (APR 1984) FAR 52.219-02 

(a) Regresentation. The offeror represents that it [ ] is, [x ] is not a small 
d1sa3vanIage3 5usTness concern. 

(b) Definitions. 

"Asian-Indian American," as used in this provision, means a United States 
citizen whose origins are i n India, Pakistan, or Bangladesh. 

"Asian-Pacific American," as used in this provision, means a United States 
citizen whose origins are i n Japan, China, the Philippines, Vietnam, Korea, 
Samoa, Guam, the. U.S. Trust Territory of the P a c i f i c Islands, the Northern 
Hariana Islands, Laos, Cambodia, or Taiwan. 

"Native Americans," as used in this provision, means American Indians, 
Eskimos, Aleuts, and native Hawaiians. 
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RFP 1.SR6 -- APPENDIX E (Cont'd) 

"Small business concern," as used in this provision, means a concern, 
including its affiliates, that is independently owned and operated, not 
dominant \n the field of operation in which it is bidding on Government 
contracts, and qualified as a small business under the criteria and size 
standards in 13 CFR 121. 

"Small disadvantaged business concern, as used in this provision, means a 
small business concern that (I) is at least .51 percent owned by one or more 
individuals who are both socially and economically disadvantaged, or a pub
licly owned business having at least 51 precent of its stock owned by one 
or more socially and economically disadvantaged individuals and (2) has its 
management and daily business controlled by one or more such individuals. 

(c) ^H''^ ̂ ^^^"^SiO^PS- ^ ^s offeror shall presume that socially and economi
cally cTTs'acrvarftageJ'indi vidua Is include Black Americans, Hispanic Americans, 
Native Americans, Asian-Pacific Americans, Asian-Indian Americans, and other 
individuals found to be qualified by the SBA under 13 CFR 124.1. 

6- WOMEN-OWNED SMALL BUSINESS REPRESENTATION (APR 1984) FAR 52.219-03 

(a) Representation. The offeror represents that it [ ] is, [x] is not a 
women-owned small business concern. 

(b) Definitions. 

"Small business concern," as used in this provision, means a concern, including 
Its affiliates, that Is Independently owned and operated, not dominate in the 
field of operation In which it is bidding on Government contracts, and qualified 
as a small, business under the criteria and size standards in 13 CFR 121. 

"Women-Owned," as used In this provision, means a small business that fs at 
least 51 percent owned by a woman or women who are U.S. citizens and who also 
control and operate the business. 

7. CERTIFICATION OF NONSEGREGATED FACILITIES (APR 1984) 

FAR 52.222-21 is hereby incorporated by reference. 

8. AUTHORIZED NEGOTIATORS (APR 1984) FAR 52.215-11 

The o f f e r o r or quoter represents t h a t the f o l l o w i n g persons are au thor i zed 
to nego t i a te on i t s beha l f w i t h the Government in connect ion w i t h t h i s request 
f o r proposals o r q u o t a t i o n s : 

Names T i t l e s Telephone Numbers 
Technical: 
Duncan Foley Project Manager (801) 524-3431 
Financial : /• \ o/i 

- W l i f o r l - L ^ o n s b e r g _Assgciate_DirgCtQr _ i ? , _ L l ? 1 2 . 1 i l -
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RFP lS8f) -- APPENDIX E (Cont'd) 

0. PREVj^OUS CONTRACTS ANO_COHPUANCE_REPORJS (APR I9.S4) FAR 52.222-22 

The offeror represents that--

(.i) It [x ] has, r ] has not participated in a previous contract or subcontract 
subject either to the Equal Opportunity clause of this solicitation, the 
clause originally contained in Section 310 of Executive Order No. 10925, or 
the clause contained in Section 201 of Executive Order No. 11114; 

(b) It [X] has, [ ] has not filed all reiiuired compliance reports; and 

(c) Representations indicating submission of required compliance reports, 
signed by proposed subcontractors, will be obtained before subcontract awards. 

^^ ' AFRRMATIVE ACTION COMPLIANCE (APR 1984) FAR 52.222-25 

The offeror represents that (a) it [x] has developed and has on file, [ ] has 
not developed and does not have on file, at each establ ishmerit, affirmative 
action programs required by the rules and regulations of the Secretary of 
Labor (41 CFR 60-1 and 60-2), or (b) it [ ] has not previously had contracts 
subject to the written affirmative action programs requirement of the rules 
and regulations of the Secretary of Labor. 

11. CLEAN AIR AND WATER CERTIFICATION (APR 1984) FAR 52.223-1 

The Offeror certifies that--

(a) Any .ifaclllty to be used in the performance of this proposed contract 
[ J is, [̂  ] is not listed on the Environmental Protection Agency List of 
Violating Facilities; 

12. CLEAN AIR AND WATER CERTIFICATION (Cont'd) 

(b) The Offeror will immediately notify the Contracting Officer, before award, 
of the receipt of any communication from the Administrator, or a designee, 
of the Environmental Protection Agency, indicating that any facility that the 
offeror proposes to use for the performance of the contract is under consid
eration to be listed on the EPA List o f Violating Facilities; and 

(c) The Offeror will include a certification substantially the same as this 
certification. Including this paragraph (c). In ew&ry nonexempt subcontract. 

13. CONTRACTOR "DATA UNIVERSAL NUMBERING SYSTEM" (DUNS) IDENTIFICATION 

The offeror's DUNS Contractor Establishment Number is 99-092--0589 . 
(If offieror does not have a DUNS number, please enter ^RCWE^l) 
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RFP 1586 - - APPENDIX E ( C o n t ' d ) 

14. COST ACCOUNTING STANDARDS NOTICES AND CERTIFICATION 

immTB^Y~u<p^imi FAR 52.230-2 
Mote: This notice does not apply to small businesses or foreign governments. 

(a) Any contract ovnr $100,000 resulting from this solicitation shall be 
subject to Cost Accounting Standards (CAS) if it is awarded to a business 
unit that is currently performing a national defense CAS-covered contract 
ur subcontract, except when--

(1) The award is based on adequate price competition; 
(2) The price is set by law or regulation; 
(3) The price is based on established catalog or market prices of commer
cial items sold in substantial quantities to the general public; or 
(4) One of the exemptions in 4 CFR 331.30(b) applies (also see Federal 
Acquisition Regulation (FAR) 30.301(b)). 

(b) Contracts not exempted from CAS shall be subject to full or modified 
coverage as follows; 

(1) If the business unit receiving the award is currently performing a 
national defense contract or subcontract subject to full CAS coverage 
(4 CFR 331), this contract will have full CAS coverage and will contain 
the clauses from the FAR entitled Cost Accounting Standards (52.230-3) 
and Administration of Cost Accounting Standards (52.230-4). 

(2) If the business unit receiving the award is currently performing a 
national defense contract or subcontract subject to modified CAS coverage 
(4 CFR 332), this contract will have modified coverage and will contain 
the clauses entitled Disclosure and Consistency of Cost Accounting 
Practices (52.230-5) and Administration of Cost Accounting Standards 
(52.230-4). 

A. Certificate of CAS Applicability 

The offeror hereby certifies that— 

[x ] The offeror is not performing any CAS-covered national defense contract 
or subcontract. The offeror further certifies that it will Immediately 
notify the Contracting Officer in writing if it is awarded any national 
defense CAS-covered contract or subcontract subsequent to the date of 
this certificate but before the date of the award of a contract resulting 
from this solicitation. (If this statement applies, no further certifi
cation is required.) 

[ ] The offeror is currently performing a negotiated national defense contract 
or subcontract that contains the Cost Accounting Standards clause at 
FAR 52.230-3. 

[ ] The offeror is currently performing a negotiated national defense con
tract or subcontract that contains the Disclosure and Consistency of Cost 
Accounting Practices clause at FAR 52.230-5. 
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RF? 1586 -- APPENDIX E (Cont'd) 

I ' ' - £^L^0TJXES_AN0_CERnFKAT20N_(_N0NDEFENSE) (Cont 'd ) 

l i . Add i t i ona l Cert i f_i^cat ion--CAS App l i cab le Of fe ro rs 

[ ] The o f f e r o r sub jec t to Cost Accounting Standards f u r t h e r c e r t i f i e s t ha t 
p rac t i ces used in es t ima t ing costs in p r i c i n g t h i s proposal are cons i s ten t 
w i t h the p rac t i ces d isc losed in the Disc losure Statement where i t has 
been submit ted pursuant to CAS Board regu la t i ons (4 CFR 351). 

C. 0ata_Re3uired--CAS Covered Of ferors 

The o f f e r o r c e r t i f y i n g tha t i t is c u r r e n t l y performing a na t iona l defense con-
- t r a c t c o n t a i n i n g e i t h e r CAS c lause (see A above) is requ i red to f u rn i sh the name, 

address ( i n c l u d i n g agency or department component), and telephone number o f the 
cognizant Cont rac t ing O f f i c e r a d m i n i s t e r i n g the o f f e r o r ' s CAS-covered c o n t r a c t s . 

Name o f Cont rac t ing O f f i c e r : _ 

Address: 

Telephone Number: 

^^ ' PARENT COMPANY AND IDENTIFYING DATA (APR 1984) 

(a) A "parent" company, for the purpose of this provision. Is one that owns 
or controls the activities and basic business policies of the offeror. To 
own the proposing company means that the parent company must own more than 50 
percent of the voting rights in that company. A company may control an offeror 
as a parent even though not meeting the requirement for such ownership if the 
parent company is able to formulate, determine, or veto basic policy decisions 
of the offeror through the use o f dominant minority voting rights, use of 
proxy voting, or otherwise. 

(b) The offeror [ x] is, [ ] is not owned o r controlled by a parent company. 

(c) If the offeror checked "is" in paragraph (b) above, it shall provide the 
following information: 

Name and Main Office Address of £i£e"t Comgany's Employer's 
ParenT'TompanyTri ncirrf g^Cjocf^ T^entTTicatiqrrilumber 

University of Utah 69-0870189 

_Pa_rk_^ i l_di nj 

Salt Lake City, Utah 84112 

(d) If the offeror checked "is not" in paragraph (b) above, it shall insert its 
own Employer's Identification Number on the following line 51-0204678 . 
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RFP 1586 -- APPENDIX E (Cont'd) 

17. IMMUNITY FROM TORT LIABIUTY 

The offeror [x ] does, [ ] does not represent that as a state agency or 
charitable institution, the offeror is [^] partially immune, or [ ] totally 
immune from tort liability. Indicate below the applicable statute or code 
under which such immunity is provided: 

JJtah Code ANN. 63-30-1 Following __ _ 

(1953 Code as ammended) 

^^- LSA .PREFERENCE IN OFFERJVALUATION_--_NON_SET-ASIDE 

As required by FAR 52.220-1 (incorporated by reference in Part II), to be 
entitled to LSA preference in offer evaluation, the offeror must identify, 
below, the Labor Surplus Area(s) in which costs will be incurred, amounting 
to 50X or more of the contract price. 

19. DUPLICATION OF COST 

The offeror represents and certifies that any charges contemplated and 
Included in his estimate of cost for performance a re not duplicative of 
any charges against any other Government contract, subcontract or other 
Government source. 

20. OFFEROR'S DATA CERTIFICATION (NOV 1983) USGS P&P 83-19 

The offeror shall certify below whether he has delivered or is obligated 
to deliver to the Government under any contract or subcontract the same 
or substantially the same technical data Included in his offer; if so, he 
shall Identify one such contract or subcontract under which such technical 
data was delivered or will be delivered, and the place of such delivery. 

None delivered or obligated to be delivered. 
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RFP 1586 -- APPENDIX £ (Cont'd) 

^ ̂  • ^2^fkl£L2Ll!iI§!l§§L£ERIiflCAnON_--_USGS_EMPLOjrEE 

The offeror hereby certifies that: 

(a) The offeror [ 1 is, [x ] is not, a present or former USGS regular or 
special employee whose USGS employment terminated within one year prior to 
submission of this proposal. 

(b) The offeror [ J does, [x ] does not, employ a present or former USGS 
regular or special employee whose USGS employment terminated within one 
year prior to submission of this proposal and who will be involved directly 
or indirectly in the management, administration, or performance of any 
contract resulting from this proposal. 

(c) The offeror [ } will, [x] will not, employ as a consultant on any 
contract resulting from this proposal a current or former regular or special 
USGS employee whose USGS employment terminated within one year p r i o r to 
submission of this proposal. 

(d) A current or former USGS employee whose USGS employment terminated 
within one year prior to submission of this proposal or such employee's 
spouse or minor child [ ] does, [x] does not, hold a controlling interest 
in the offeror firm. 

22. OFFEROR'S ACCOUNTING SYSTEM 

Indicate whether or not offeror's accounting system has been approved by 
any U.S. Government agency and whether offeror' has had an audit by any 
Government contracting agency within the last year; if so, state: yes 

(a) Name and location of cognizant audit agency: 

Health and Human Services 

1745 West 1700 South 

Salt Lake City, Utah 

(b) Name and telephone number of cognizant auditor: 

Eckhard Bauer (801) 524-4111 

(c) Types of contracts and payments for which system Is approved; 

All types of contracts and payment methods. 
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2 3. BUS]^NESS_ MANAGE MENT_2NF0I^AT]^0N 

(Note: Completion of this ^28 is not required of educational institutions 
or state and local government agencies.) 

(a) Indicate the percentages of offeror's business performed for commercial 
customers and under Government contracts (including subcontracts under 
Government contracts). 

Commercial 55% Government 45% 

(b) Provide the names and locations of any other divisions or subsidiaries 
which will perform under proposed contract, if awarded. 

Name Location 

None 

(c) Indicate date offeror was organized: December 1972 

24. BUSINESS MANAGEMENT INFORMATION (Cont'd) 

(d) Indicate, by number, your manpower resources as follows: 

(1) Total employees 43_ 

(2) Total technical employees qualified in an area 

similar or related to the proposed effort 2 

(3) Total direct labor employees who will perform 
proposed contract 

(e) Indicate the volume of work similar to that covered by this solicitation 
that the offeror could perform in a 12 month period: 

1.5 times 

(f) Experience 

If offeror has received an award under this program within the past three 
years, the following information is not required. Other offerors are 
requested to identify two previous contracts awarded by a U.S. Government 
agency for similar research activities, including any performed within the 
past three years. 
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RFP 1586 - - .APPENDIX F (Cont 'd ) 

NOTE: SEE NOTE FOLLOWING PAGE 

(1) Contract Number 

Agency 

Date of Award _ Completion Date 

Type of Contract Amount S 

Name and Telephone Number of Contracting Officer: 

(2) Contract Number 

Agency 

Date of Award Completion Date 

Type of Contract _^ Amount $ 

Name and Telephone Number of Contracting Officer: 

If your firm has not previously been awarded Government contracts for this 
work, provide the above Information for commercial contracts on which similar 
work was performed. 

25. OFFEROR NAME AND ADDRESS 

Offeror should provide below the correct legal name under which his offer 
is submitted and to which any resultant award should be made. 

Offeror Name University of Utah Research Institute 

Address 391 Chipeta Way, Suite C 
KumHer'*ancr'5lfeet ~ 

Sa2t_Lake City Utah 84108 
"CTty ~ ~ State ZTp"cdde 

Sa l t Lake §2 
Couniy " ~ Congress lonaT^Ci s t r T c F " 
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The Earth Science Laboratory/University of Utah Research Institute has not 
directly contracted with the government for identical work to that proposed 
herein. These unique applications proposed for proven snowpack evaluation 
techniques have not been made anywhere to date. However, both professionals 
assigned to this effort are highly qualified to do the tasks. Or. Foley is 
familiar with geologic hazards and hazard mapping, from the standpoints of 
research, writing, and consulting. He teaches a course on geologic hazards 
at the University of Utah, and has co-edited a book on environmental geology. 
Dr. Ferguson has had government contracts to study avalanches (NSF 80-17750), 
has written a dissertation on the mechanical stability of snowpacks, and 
publishes the Avalanche Review, which is a newspaper-style monthly during the 
winter. Dr. Foley is a full-time employee of the Research Institute, Dr. 
Ferguson is an associate, who is also employed by the U.S. Forest Service as 
an avalanche forecaster (this work will not interfear with her efforts on this 
proposal). 



RFP 1586 -- APPENDIX E (Cont'd) 

26. ADDRESS OF PAYMENT 

Offeror should state below t!ie address to which payment should be mailed, 
if such address is different from that shown for the offeror. 

27. OFFEROR'S CERTIFICATION 

The foregoing representations, certifications and acknowledgments a re 
submitted in response to RFP No. 1586. 

February 28, 1985 
Uate 

James .J. Brophy, President 
TJame'TinrTCre 

(801) ̂581y (7236). 
TetepKo n e^Numbe r 

END OF APPENDIX E 
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Proposal Submitted to the U.S. Geological Survey 
in Response to RFP 1586 

Earthquake-induced Avalanches along the Wasatch Front, Utah 

Earth Science Laboratory 
University of Utah Research Institute 

391 Chipeta Way, Suite C 
Salt Lake City, Utah 84108 

Utah 2nd Congressional District 

Program Objective: R-l 

Cost for First Year: $76,500 

Total Requested Amount: $76,500 

Proposed Duration: 17 months 

Desired Starting Date: August 1, 1985 

Principal Investigator(s): Duncan Foley 

Earth Science Laboratory 
University of Utah Research Institute 
391 Chipeta Way, Suite C 
Salt Lake City, Utah 84108 
(801) 524-3422 

Authorized Institutional Representative: Dr. Phillip M. Wright 
Technical Vice President 
Earth Science Laboratory 
University of Utah Research Institute 
391 Chipeta Way, Suite C 
Salt Lake City, Utah 84108 
(801) 524-3422 

Principal Invest igator : Authorized Representative: 
Duncan Foley P h i l l i p M. Wright 

Pr,6ject Manager/Geology 
Fyfebruary 27, 19;85 

nical \nce President/ 
uary 27, 1985 



SUMMARY FOR THE SMITHSONIAN SCIENCE INFORMATION EXCHANGE 

Congressional District: Utah 2nd 

Project Title: Earthquake-induced Avalanches along the Wasatch Front, Utah 

Date Project Started: 

Program Objective: Element III. Regional Earthquake Hazards Assessments, 
Objective R-l: Mapping and synthesis of geologic hazards 
and establishment of information systems 

Principal.Investigator(s): Dr. Duncan Foley 

Organization and Address: Earth Science Laboratory 
University of Utah Research Institute 

- - 391 Chipeta Way, Suite C. 
Salt Lake City, Utah 84108 
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No. of 
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PROPOSED COST SCHEDULE 

FY 85-86 

$ = 1.000 

EARTHQUAKE-INDUCED AVALANCHES ALONG THE WASATCH FRONT, UTAH 

Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec, 

$ $ $ $ $ $ $ $ $ $ $ $ • $ $ $ $ $ 
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IDENTIFICATION AND SIGNIFICANCE OF PROJECT 

Discussion of Specific Problem 

Avalanches have killed more people than any other geologic hazard in Utah 

(Mandahl , 1983). These deaths have occurred in many canyons of the Wasatch 

Mountains (Perla, 1972), but unfortunately very little is known about the 

location and areal extent of these avalanches. Therefore, few data exist that 

could be of use to emergency planners to evaluate the potential impact of a 

massive snow avalanche cycle that could be released by a major earthquake near 

the Wasatch Mountains. The Earth Science Laboratory/University of Utah 

Research Institute (ESL/UURI), in conjunction with personnel from the U. S. 

Forest Service, proposes a seventeen month program to evaluate the likely 

mechanical impact of a major earthquake on snowpacks in the Wasatch Mountains 

in the Salt Lake City area, and identify critical facilities that may be 

threatened during a massive avalanche cycle. 

Earthquake-induced avalanches have plagued mountainous areas throughout 

the world. One of the most dramatic examples is the Huascaran avalanche in 

Peru in 1970, which killed approximately 18,000 people when an offshore 

earthquake triggered a massive ice and snow avalanche that ran through several 

villages (Pflaker and Ericksen, 1978). In Alaska in 1964 many large 

avalanches were triggered by the magnitude 8.6 earthquake. Fifteen-foot 

fractures within the snowcover were reported, releasing tons of snow onto the 

valley floors (B. Sandahl, personal communication, 1985). Airplane pilots 

reported avalanches falling on either sides of valleys, which seemed to 

coincide with the ground motion (Field, 1966). Earth tremors induced by the 

volcanic activity of Mt. St. Helens in Washington State have created major 

avalanche cycles since its Initial modern eruption in 1980. Avalanche 

occurrences on this mountain as well as on other Cascade volcanoes are well 

documented with visual identification and infrared scans (e.g.. Qamar and St. 

Lawrence, 1983; LaChapelle, 1982). An elaborate array of seismic sensors 

shows coincident earth tremors (Crossen, personal communication, 1980; 1985) 

with avalanche activity. In addition, major avalanches are constantly 

threatening mountain climbers during earthquakes (Lev, 1976). 

Although there have been no major earthquakes along the Wasatch Front in 

Utah since the area was settled in 1847, the likelihood of a major event 



remains high (Schwartz and Coppersmith, 1984). It is predicted that a Richter 

magnitude 7.5 event may occur (Rogers and others, 1976). Massive release of 

snow in such an event is highly likely, but current syntheses of geologic 

hazards (Mabey, 1985) do not discuss this problem. Kelner (1980) reports 

historical documentation that small levels of earth shaking, induced by mine 

blasting at Alta. released avalanches. 

The Wasatch Range has a high avalanche hazard, due to both the nature of 

the snowpack and the high level of day use, permanent housing, and transporta

tion and utility corridors in these mountains. Destructive avalanches occur 

eve ry winter in the northern Wasatch Mountains, often as early as October and 

as late as June. At present, personnel affiliated with the Utah Department of 

Transportation, the U. S. Forest Service, and the many ski areas, each have'a 

role in forecasting and controlling the overall avalanche hazard. Each of 

these agencies has specific jurisdiction, which has been established through a 

memorandum of understanding among the individuals. No agency is responsible 

for compilation of a range-wide hazard synthesis. 

Previous research effort in the Wasatch was conducted by the U. S. Forest 

Service, at the Alta Avalanche Studies Center. This center was active until 

the early 1970s, and compiled much useful data on the Wasatch snowpack. No 

central research effort has been conducted since the center was disbanded, and 

results of studies conducted there are no longer available in any central 

files. 

At present, no modeling of the nature of the Wasatch snowpack (or other 

mountain snowpacks) has been done to evaluate the likelihood of the large 

releases that could occur during ground shaking. The mechanical response of 

snowpacks to shaking is not known. A model for avalanches would need to 

develop typical snowpack profiles, evaluate conditions for release, and 

identify conditions of weakness that would lead to release during an 

earthquake. 

No comprehensive map of avalanche paths exists for much of the Wasatch 

Range. Some mapping has been done in the private sector, notably by ski areas 

(L. Fitzgerald, personal communication, 1985) and map publishers (Alpentech 

1982; Kelner and Hanscom, 1976). An avalanche safety plan was developed by 

vonAllmen and others (1979) for Little and Big Cottonwood Canyons, which 

includes some mapped avalanche paths. These maps need updating because they 



have largely relied on personal accounts by present-day observers. No rigor

ous effort has ever been made to document avalanche paths within the Wasatch 

Range into a comprehensive avalanche atlas. 

The long-term history of many mapped paths is unknown. Rare, catastroph

ic events, which punctuate the geologic record of other hazards, have not been 

documented for avalanches in the Wasatch. Some data may be available from 

mining camp records and newspaper accounts. Other data may be deduced from 

tree ring records. It is anticipated that much of the evaluation of cata

strophic avalanche events will have to be extrapolated from smaller events in 

the Wasatch, modeling based on source area accumulation, path morphology, and 

run-out zone characteristics, and comparison of the Wasatch with catastrophic 

events during earthquakes in other parts of the world. 

The tasks proposed herein will examine the mechanical stability of the 

snowpack, analyze the likely stability of the snow during an earthquake, and 

map avalanche paths that threaten lifelines or other critical facilities. The 

area proposed for study is the Wasatch Front in Salt Lake and Wasatch Coun

ties, as this is the most densely populated and intensively used portion of 

the mountains. 

Mechanical studies will concentrate on the efficiency of ground shaking 

to trigger release mechanisms for typical Wasatch snowpacks. These will be 

based on methods for recognizing unstable snowpack structures (Ferguson. 1984) 

and synthesized with theories of avalanche mechanics (Johnson. 1980; McClung, 

1981) and earthquake motion (Hays and King, 1984). Documenting avalanche path 

characteristics will follow state-of-the-art avalanche atlasing techniques 

(e.g., LaChapelle and others. 1971; Fitzharris and Owens. 1980). Unpublished 

maps of avalanche paths in the Wasatch and theoretical models for calculating 

maximum run-out distances and likely impacts (Mears. 1976) will be used as 

foundations for identifying and mapping the paths. 

Importance of the Problem 

Existing studies of damage anticipated from an earthquake in Utah have 

typically focused on the valley areas (e.g., Rogers and others, 1976). 

Evaluation of mountain hazards has been confined largely to the important 

questions of dam stability and landslide potential. No maps are available 

that depict all of the fault traces in bedrock of the Wasatch range. 



Explosive growth in winter use of the Wasatch Range and in permanent 

housing in the range has led to the development of a great hazard from ava

lanches. Ski area use in Little Cottonwood Canyon alone has been as great as 

12,000 people in one day, with more in the backcountry. Other canyons in the 

Salt Lake City and Park City areas also receive much use from residents, 

skiers and other recreationists. Many of these people would be exposed to 

avalanche hazard, particularly from the major releases that would accompany an 

earthquake. Rescue after an earthquake would be very complex, due to snow 

blockage and destruction of roads, destruction of utilities, lack of communi

cation, and unknown location of victims.. The present lack of knowledge about 

the snowpack and likely paths to slide would complicate this problem. 

Figure 1 is a map of the Wasatch Range near Salt Lake City. Table 1 

lists facilities in each canyon along the Wasatch Front in Salt Lake and 

adjacent Counties, which could be impacted if a major avalanche cycle were to 

be triggered. As housing developments in the Salt Lake City and Park City 

areas have climbed higher on the benches, some of these areas have also become 

exposed to avalanche danger (B. Sandahl, personal communication, 1985; J. 

Barnes, S. L. County Planning Office, personal communication, 1985; J. 

Harrington, Park City Planning Office, personal communication, 1985). Other 

canyons outside the area covered in this proposal (but candidates for future 

study) have avalanche hazards as well. Provo Canyon, with major highway and 

water supply lines, and Weber Canyon, with highway, railroad, and water are 

just two of these. 

Understanding the mechanical stability of the snowpack is important for 

ongoing prediction and control efforts. The data gathered in this study will 

provide a useful quantification of important parameters, such as stress 

states, that are now largely qualitative. The results of this study will be 

applicable to snowpack stability problems in other seismically active areas. 

The techniques used to map the avalanches depicted on existing informal 

maps are usually limited to personal observation of slides. No comprehensive 

data base extends back more than 20 years. Unfortunately, major avalanches 

have been known to destory 50 year old bridges (Martinelli, 1984) and 100 year 

old trees (Mears, 1976). Only an in-depth review of historical accounts and 

the application of unbiased theoretical models can predict the occurrence of 

these catastrophic, low recurrence interval events. This has not been done 
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TABLE 1. THREATENED FACILITIES, EARTHQUAKE-INDUCED AVALANCHES, 
WASATCH MOUNTAINS, SALT LAKE AND SUMMIT COUNTIES, UTAH 

Canyon 

Little Cottonwood 

Big Cottonwood 

Mi 11 creek 

Parleys 

Lambs 

Emigration 

Red Butte 

City Creek 

Park City Area 

Salt Lake Valley 
Range Front 

Facilities Related to Canyon 

Snowbird ski area and housing 
Alta ski area 
Alta town 
Albion Basin housing 
Highway 

Housing in Brighton, Silver Fork 
Highway 
Brighton ski area 
Solitude ski area 

Housing in lower canyon 

Housing 

Housing 

Dense housing 
Hi ghway 

Deer Valley ski area 
Park City ski area 
Park West ski area 

Facility Important to 
Valley Population 

Water supply 

Water supply 

1-80 
Water supply 
pipeline and 
reservoir 

Water supply 
Gas pipeline 

Reservoir 

Water treatment 
plant 

Housing 

Dense population 
housing and 
lifelines 

Note: all mountain areas have power and phone line service that is likely to be 
impacted during sliding. 



for the Wasatch Mountains. 

Table 2 lists the types of threats avalanches pose to each type of facil

ity in the canyons. These threats will have an impact on both canyon resi

dents and those in the valley who depend on canyon services, such as water, 

for survival. 

Contribution to Earthquake Hazards Reduction Program 

This proposal is responding to Element III, Objective R-l. which calls 

for synthesis of data for definition and mapping of ground failure hazards, 

and research to fill gaps in knowledge. This objective also calls for trans

mittal of the data to other researchers and policymakers. 

No synthesis of the earthquake-induced avalanche hazard along the Wasatch 

Range has ever been prepared, no basic data exist to determine the likely 

response of the Utah snowpack to shaking, and emergency planners are not pre

pared to handle the emergencies that may rise due to extensive canyon blockage 

by snow during an earthquake (W. Dewsnup, personal communication, 1985). Our 

proposal addresses these points, as a first stage in developing the knowledge 

required to respond to an emergency. 

•This proposal also responds to the action item designated by the Gover

nors Conference on Geologic Hazards (Mandahl, 1983) for more research in 

avalanches. 

PROJECT PLAN 

Research Concepts 

The fundamental hypothesis we will be examining is that earthquake-

induced ground shaking could cause the release of many avalanches, and that 

the locations and magnitudes of these releases could cause many deaths, 

destroy much property, and create impediments to rescue. The specific 

research questions we will examine are: 

1. What will the likely impact of ground shaking on the stability of 

typical Utah snowpacks be? 

2. Where are potential problems from the colocation of houses, 

lifelines, and other critical facilities, with avalanche paths? 

3. What will be the magnitude of snow releases? 



TABLE 2. NATURE OF AVALANCHE THREAT TO MOUNTAIN FACILITIES 

Facility Threat 

Highways Burial of vehicles and victims 
Blockage of emergency access 
Destruction of road 

Housing Destruction of homes 
Burial of victims 
Bury access to hotels for rescue 

Ski areas Burial of victims 
Blockage of access to trapped people 

(ski lift damage) 
._ ^ Difficult rescue - dispersed population 

Reservoirs Slides displace water, causing floods 
Slides block creeks, create temporary 
artificial dams 

Block water intakes 

Water lines Block or break facilities 

Gas line Bury access to possible areas of breakage 



4. What will be the run-out distance of avalanches? 

5. Will there be an increased frequency of releases? 

6. Will there be an increased likelihood for delayed releases? 

7. How can these data best be presented to snow scientists, geologists, 

land-use planners, and emergency personnel? 

•The conceptual framework of this study will in part be similar to other 

hazard evaluations, but with recognition of the different nature of the 

avalanche data base. Similar to the evaluation of other hazards, locations of 

potential slides, locations of critical facilities, interpretations based on 

local data, and application and refinement of models developed elsewhere will 

be made. 

A slightly different approach to hazard evaluation will be taken with 

this study of avalanches, however, since there are so few data available about 

the mechanical stability of snowpacks. What little data that are available 

for the Wasatch from the research effort in the 1960's must be combined with 

qualitative information collected by non-technical observers since then. 

Because so few current technical data exist and no research-trained personnel 

are actively studying Wasatch snowpacks at this time, we propose quantitative 

studies of the snowpack stability as a necessary part of this project. 

We will adapt the techniques developed for analysis of avalanche paths in 

Little and Big Cottonwood Canyons and the backcountry areas. These will be 

combined with state-of-the-art mapping techniques in other mountainous areas 

and applied to sites in Wasatch front canyons. 

Data Collection and Analysis 

Existing Data. No central source of existing data on avalanches in the 

Wasatch Range exists. Extensive compilation efforts will be required to 

obtain all relevant data on mechanical stability of the snowpack, avalanche 

paths, and facility locations. 

Mechanical data on snowpack stability in the Wasatch will be available 

from the files of the Alta Avalanche Studies Center, which existed until the 

early 1970s, the U. S. Forest Service Forecast Center, the Utah Department of 

Transportation, and various ski areas. These data may not be quantified in a 

similar manner, however, so interpretation will be required prior to their 

integration. Even data from the Alta Center may be widely dispersed. Already 



some has been located in Canada, Colorado, and New Mexico. 

\Jery little information is available on the mechanical response of 

snowpack structure to shaking. However, there have been studies on the effect 

df other trigger mechanisms that may be applicable to the problem of earth

quake induced avalanches. For instance, explosions over the snow and below 

the snow surface as avalanche triggers have been examined (Brown, 1980; 

Gubler. 1977; Johnson, 1978). The flexural strength of snow slabs has also 

been investigated in cases where avalanches are assumed to initiate by 

enhanced bending stresses encountered in a snowpack that has catastrophically 

lost its basal support (Lang and Brown, 1977). These trigger mechanisms will 

be compared to the energy provided by ground-shaking events to evaluate an 

order of magnitude estimate of the expected efficiency of earthquake triggers. 

These estimates will be compared with actual seismic data of earth 

tremors acquired just prior to the Mt. St. Helens volcanic eruption in 1980, 

which triggered major avalanche cycles. Some of the largest tectonic events 

ever recorded for that area occurred just prior to the actual eruption (R. 

Crosson, personal communication, 1985). Avalanche occurrence records are 

available for that period through the USDA-FS Northwest Avalanche Center and 

seismic records and earthquake location data are available through the 

University of Washington Geophysics Program. (Ferguson was employed by both 

groups at that time and has maintained contact with each program). These data 

provide the most objective source of information on earthquake induced 

avalanching currently available. 

Other, less quantitative data, on earthquake-induced avalanching and the 

response of snowpack structure to shaking and dynamic forces will also be 

compiled and analyzed for their applicability to the proposed problem. 

Existing data on avalanche paths will be compiled from many sources. The 

most reliable data are informal, unpublished maps that exist for the lower 

highway. Snowbird, and Alta areas of Little Cottonwood Canyon (vonAllmen and 

others, 1979). These maps have been prepared by the Utah Department of 

Transportation, Snowbird ski area, Alta ski area, and the town of Alta, and 

are based on events observed in the past few years (primarily since the 

1920s). Other maps, even less formal, exist for Big Cottonwood Canyon, part 

of Emigration Canyon, and a small portion of the front of the Wasatch Range. 

We will compile the avalanche information from these maps at a uniform scale 
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and discuss the various techniques used in their generation. 

Other existing data on avalanche paths will be compiled from the Alta 

Avalanche Study Center records, as well as records from other ski areas, the 

USDA-FS Utah Avalanche Forecasting Center, and from people involved in the 

production of private maps (Alpentech, 1982). Data from city and county 

planning agencies will also be compiled, and selected consultants who have 

performed the work for these government agencies will be contacted to evaluate 

the applicability of their methodology to our efforts. If appropriate, we 

will also contact sources such as snowplow drivers, to identify areas that 

naturally release that may not be widely known. Extrapolation to the 1800s 

will be accomplished by study of mining camp records and newspaper accounts, 

as several camps were wiped out by avalanches (Kelner, 1980). 

Data on critical lifelines will be compiled from map depictions, conver

sations with emergency planners, and, where appropriate, conversations with 

utility companies. Lifelines we will identify will include highways, utili

ties (electrical, gas, water), potentially impacted reservoirs, and areas with 

present or proposed housing. The Utah Geological and Mineral Survey is con

sidering internal funding for a compilation of lifelines. We would coordinate 

with this effort, as far as applicable. Data on population areas will be com

piled from county and city planners, and will include land use and land owner

ship status. 

New Data. Existing data on the mechanical stability of the snowpack, and 

existing path analyses, are not adequate to provide an evaluation of the 

hazard from earthquake-induced shaking. We will compile new data on both of 

these topics. 

New mechanical data will be gathered from snowpits to develop composite 

profiles of typical Utah snowpacks. Snowpit data will include shear-frame 

tests to evaluate the shear strength of buried weak layers and bending-beam 

tests to estimate the tensile strength of the overlying slab (Perla and 

Martinelli, 1978; Perla, 1969). Both of these field techniques are familiar 

to mountain observers in the Wasatch and are proven to be meaningful and con

sistent (D. Bowles, personal communication, 1985; Rosso, 1982). Therefore, 

personnel in ski areas and with the Utah Avalanche Forecasting Center may add 

to the data set without loss of objectivity. 
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Additional snowpit data will be acquired at the fracture surfaces of 

actual avalanches. The trigger mechanisms for these avalanches will be docu

mented and the areal extent of avalanching will be recorded. These data will 

be compared to other snowpit data to better define the unstable snowpack 

structure. In addition, the style and magnitudes of each trigger mechanism 

will be compared to the areal extent of subsequent releases to evaluate the 

efficiency of various triggering sequences. This will provide valuable 

comparative data with earthquake mechanisms. 

To understand and evaluate the potential motion of a magnitude 7.5 earth

quake, a brief overview of the geology of avalanche starting zones within the 

Wasatch Mountains will be necessary. Shear moduli of rock types will be 

compiled to evaluate the acceleration potential of surface waves. Some 

distinction between horizontal and vertical wave motions may be necessary, as 

one would enhance shear failure within the snowcover and the other would 

enhance failure by collapse of the basal layers. Each mechanism is addressed 

in current avalanche mechanical theories (McClung, 1981; Lang and Brown, 1977, 

respectively). 

New data on avalanche paths will be based on direct observation during 

winter, and indirect observation during summer. Winter observations will 

include at least two plane flights after major avalanche cycles, to allow 

comprehensive mapping of paths that threaten facilities. The elevation, 

aspect, areal extent, and slope configuration will be documented for the 

starting zones, tracks, and run-out zones of each known avalanche path. Total 

amount of snow available for avalanching will be determined by monthly snow 

depth measurements within starting zones. A search of climate data will 

ensure that all possible wind loading patterns are documented. Information on 

the tracks will be acquired by analysis of terrain features and historical 

data. The extent of run-out zones will be determined by historical accounts, 

as well as evidence of vegetation damage and destruction, vegetation changes, 

lingering snow debris, and slope characteristics (Martinelli, 1974). Ava

lanche paths are often colocated with landslide areas (Ives and Plam, 1980). 

The recent increase in landslide activity in Utah (Anderson and others, 1984) 

may affect local avalanche activity. 

Sites suitable for calculation of long-term recurrence intervals through 

tree-ring chronologic methods (Dexter and Armstrong, 1984) will be identi-
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fied. Geologic mapping of avalanche paths and run-out zones, in areas where 

the terrain has not been highly disturbed, may be a possible technique to 

evaluate long-term recurrence interval events (Potter, 1974; Mears, 1976). 

Data Analysis. Threat to facilities will be determined by the run-out 

distance of various slide paths. Where historical data exist, these can be 

extrapolated to give likely maximum distance estimates. Where these data do 

not exist, a simple empirical estimate of maximum run-out distance will be 

determined, based on path geometry (Lied and Bakkehoi, 1980). 

Data on avalanche paths and lifelines will be compiled and presented on 

1:24,000 scale maps. The extent of earthquake-induced avalanching will be 

estimated from the recognized instabilities occurring within starting zones. 

Unstable snowpack structure will be determined from historical records and 

newly acquired snowpit data. These will be represented as composite snow 

profiles for several winter climate patterns found in the Wasatch (e.g., 

Armstrong, 1982). 

Trigger mechanisms will be analyzed from newly acquired snowpack infor

mation of actual avalanches. These will be compared to estimates of ground 

shaking that may occur with a magnitude 7.5 earthquake and actual observations 

of earthquake-induced avalanching in other mountains. The areal extent of 

avalanching will be estimated for each composite snow profile. 

Threat to facilities will be evaluated, based on analysis of likely ava

lanche types, run-out distances, preliminary calculations of impact energies, 

and evaluation of recurrence intervals. The relatively coarse (1:24,000) 

nature of this preliminary analysis will require further refinement to achieve 

detailed results for individual paths. 

Slab avalanches are the most hazardous type in the Wasatch. Relatively 

dry powder avalanches and heavier flowing avalanches are both likely. Powder 

avalanches cause damage from their high speed and long run-out distance; flow 

avalanches cause damage from their mass (Mears, 1976). Maximum run-out 

distances have been calculated from maritime climates using relatively 

straightforward geometrical analysis of the avalanche path (Lied and Bakkehoi, 

1980) and from climates more similar to Utah using avalanche path 

characteristics and avalanche dynamics (Mears, 1976). Both of these models 

will be applied to the Utah snowpack, and their ease of use and applicability 
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to the Wasatch will be evaluated. Impact energies are difficult to assess, 

particularly during a regional study. We will calculate, however, where 

appropriate data can be gathered, and critical facilities a re identified, a 

preliminary estimate of such energies, by generally following the techniques 

of Mears (1976). Recurrence intervals for newly mapped paths will be 

estimated by vegetative analysis, evaluation of geologic debris (where 

preserved), and review of historical records. Sites appropriate for future 

detailed analysis of tree-ring records will be noted, but these analyses will 

not be carried out in this proposal. 

Analytic techniques and models developed during this study will be 

applicable to ongoing snow safety efforts in the Wasatch Mountains. The 

models we develop will be in a format compatible with data handling methods at 

the Forest Service Forecast Center and the various ski areas. 

Continuing Efforts 

The largely unstudied nature of the Wasatch snowpack, particularly since 

the early 1970s, implies that the work proposed herein will form a valuable 

data set on which further studies may be based. 

Two major directions of continued work are suggested. The first is to 

continue to develop mechanical models of snowpacks under shaking, and the 

second is to continue to identify critical facilities within avalanche paths 

in other sections of the Wasatch Range. 

Mechanical models of snowpacks under the increased stress of ground 

shaking will improve through further work. The tasks proposed herein will 

focus on straightforward-tests of stability. More rigorous records of ava

lanching induced by other external triggers will help delineate the mechanical 

response of various snowpack structures. The construction of shaking frames, 

to simulate ground motions, could then be applied to these snowpack structures 

for more accurate determination of earthquake efficiency in triggering ava

lanches. These results could be applied to mechanical models that would prove 

valuable for earthquake and avalanche researchers in other parts of the world. 

Mapping proposed herein will focus only on the Salt Lake City segment of 

the Wasatch Fault. If work in this area suggests that the snow avalanche 
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hazard from earthquake-induced shaking is high, it will be appropriate to 

continue this effort in other areas of the fault, such as the Provo Canyon-Mt. 

Timpanogos area and Weber Canyon. This mapping will also be at 1:24,000 

scale; this is not adequate for detailed study of individual paths (Mears, 

1976). Recurrence intervals of paths, through tree ring analysis, will need 

to be calculated. 

The work proposed herein does not address the possible programs that 

could be undertaken to remedy avalanche hazards. These programs would become 

the realm of engineering, political, and planning agencies. Engineering 

solutions might include the construction of snow retention structures in 

crucial starting zones, diversion structures, or building reinforcement 

designs. Planning responses might include programs to zone hazardous lands. 

Political forces will determine what, if any, ultimate actions will need to be 

taken. The data gathered in this proposed work will be crucial, however, to 

the decisions that will need to be made for any hazards identified. 

The need for real-time data in crucial snowpack parameters in areas with 

difficult access is another important factor in study of snowpacks. Although 

probably not related to any USGS project, ESL/UURI is interested in developing 

instrumentation to conduct such monitoring, as an outgrowth of our instru

mentation development efforts in landslide monitoring. 

Objectivity and Evaluation 

Objectivity will be assured by internal ESL reviews of the work in 

progress. Such reviews have proven to be a valuable management tool in 

assuring quality compliance with contracted tasks. A consultant (Dr. Ed 

LaChapelle) will be retained to evaluate both the mechanical and mapping 

portions of this study. Reviews by outside avalanche professionals have also 

been arranged. 

RELATED EFFORTS 

The proposed tasks are part of the ongoing efforts of Foley in geologic 

hazard identification, and Ferguson in snowpack studies. Foley, during the 

time of this proposal, will continue to teach a class on geologic hazards at 

the University of Utah, and will be involved in the preparation of additional 

proposals related to earthquakes, avalanches, and geologic hazards. Ferguson 
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will continue (without time or funding conflict), to be an avalanche forecaster 

for the U.S. Forest Service. She also will be preparing additional proposals 

for further snowpack stability studies. Foley is co-principal investigator on 

another proposal responding to this RFP, to map bedrock traces of the Wasatch 

Fault. Work on this other proposal will not conflict with efforts proposed 

herein. 

The researchers on this program have extensive experience in avalanche 

mechanics and the identification of geologic hazards. To insure objectivity, 

however, regular communications will be maintained with other snow workers in 

the Wasatch. These will include U. S. Forest Service, Utah Department of 

Transportation, ski area, helicopter skiing, and backcountry tour personnel. 

Cooperation with these personnel has already been established. 

Relevance to emergency personnel will be determined through conversations 

with both emergency and land use planners. These conversations will insure 

that the final product from the mapping phase will be able to meet the needs 

of the planners. Initial contact has already been established with Salt Lake 

County, Park City and State of Utah planners. 

FINAL REPORT 

The final report to the USGS will consist of a technical discussion of 

the methodologies, data bases, data collection, and interpretations of both 

the mechanical stability of the snowpack under shaking and the colocations of 

lifelines, critical facilities, and avalanche paths. This report will be 

delivered within 90 days of the completion of the contract. 

The mechanical study of snowpack stability will be suitable for publica

tion in a technical journal (Journal of Geophysical Research?). The 

geological aspects of avalanche hazard identification will be prepared for 

publication in a suitable geological journal (Geological Society of America 

Bulletin?) A series of maps will be prepared for the use of emergency and 

land-use planners, depicting both avalanche paths and the locations of 

lifelines and critical facilities. These maps will be accompanied by a non

technical text, for use by planners, so they may evaluate the maps for their 

needs. 
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PERSONNEL AND INSTITUTIONAL QUALIFICATIONS 

Two professionals are assigned by ESL/UURI to this program. Dr. Duncan 

Foley has worked at ESL/UURI for more than seven years, in geological inves

tigation and 'program management roles. He has emphasized field-oriented 

studies. C u r r e n t ] y , Dr. Foley is teaching a class on geologic hazards at the 

University of Utah. Dr. Sue Ferguson is an employee of the U. S. Forest 

Service, where she is heavily involved in backcountry avalanche forecasting. 

She has a career appointment, with a flexible tour of duty. The work proposed 

herein for her will not be conducted at the same time as her Forest Service 

efforts. Some of the data she now collects on snowpacks will be useful on 

this project, but the compilation, integration, and modeling of the data will 

be made during the summer months, when she is not forecasting. She is also a 

research associate at ESL/UURI. Brief resumes for these professionals are 

found in Appendix A. 

Dr. Ed LaChapelle is identified as a consultant in this proposal. Dr. 

LaChapelle recently retired from teaching geophysics at the University of 

Washington. He was an active researcher at the Alta Avalanche Studies Center 

until it was disbanded, has been an avalanche forecaster for the U. S. Forest 

Service in the Wasatch Mountains, and has participated in land use planning 

analyses. Dr. LaChapelle presently is a worldwide consultant in snow and 

avalanches. 

The University of Utah Research Institute (UURI) is a self-supporting 

corporation organized in December 1972 under the Utah Non-Profit Corporation 

Association Act. Under its charter the Institute is separate in its 

operations and receives no financial support from either the University of 

Utah or the State of Utah. The charter includes provisions for UURI to 

conduct both public and proprietary scientific work for governmental agencies, 

academic institutions, private industry, and individuals. In this work UURI 

has a close technical association with the University and is able to draw upon 

the talents of faculty and students. When such activities are proprietary 

UURI may be taxed on income as determined by IRS codes. 

The Earth Science Laboratory (ESL) is a division of the University of 

Utah Research Institute (UURI) which provides consulting and contracting 

services in a broad range of scientific areas that include field programs. 
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data interpretation, research and technique development, geochemical 

analytical services, custom computer software, development of electronic 

instrumentation, and training seminars and workshops. ESL emphasizes the 

integration of scientific disciplines and techniques in solving problems in 

the earth sciences. An optimum, cost-effective combination of techniques from 

the fields of geology, geochemistry, geophysics, and hydrology can be applied 

by in-house experts to solve specific problems. 

The ESL professional staff is broad and diversified in education and 

experience. Even though the main portion of a given project may be done by a 

few scientists, the expertise of the entire staff can be made available as 

required, and personnel assigned to a project are free to draw upon the 

talents of other personnel at ESL. 

As a federal contractor, the Earth Science Laboratory has developed 

financial accounting procedures that assure integrity during the execution of 

a program. Technical accountability is managed through regular reviews of 

project progress by higher levels of management within ESL. 

Professionals in the Geology Group will be the key pesonnel on this 

proposal. They have extensive experience in applied research, field studies, 

and interpretation and integration of results with other disciplines. Many 

reports in refereed journals, to federal agencies, and to private sector 

companies have been prepared by the Group. These personnel have also been 

heavily involved in technology transfer, through both public workshops and 

seminars, and workshops for private industry explorationists. Geology Group 

members have extensive experience in project management, and have the ability 

to deliver high quality technical products on time and within budget. 

ESL geologists recognize that geologic studies form only a portion of the 

overall program required to adequately characterize the geologic 

environment. They therefore have developed expertise in the integration of 

geologic data with geochemical studies and geophysical surveys, through 

working with other professionals. These studies have led to integrated 

reports that have been well received in both the public and private sectors. 

The ESL/UURI library is specifically targeted toward geoscience. 

Personnel at ESL have full privileges in the library system of the University 

of Utah, and are familiar with the holdings of the Utah Geological and Mineral 
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Survey. Nationwide resources are available through interlibrary loan, and 

USGS resources a re available through the Salt Lake City Public Information 

Office. 

ESL/UURI support personnel have the facilities and experience to support 

the publication and drafting needs of the technical staff. These staffers are 

familiar with the requirements of producing high quality technical documents. 

PROJECT MANAGEMENT PLAN 

Dr. Foley will be project manager and will coordinate geological aspects 

of the investigation. He will also be in charge of coordination with planning 

agencies and the preparation of planning documents at the conclusion of the 

project. Dr. Ferguson will be in charge of mechanical studies of snowpacks 

and will coordinate efforts with other professionals in the field. Upper 

level management of ESL/UURI would oversee the work on the proposal. 

Foley will spend approximately 30% of his time on data compilation, 15% 

on field studies of snowpacks, 40% on field studies of avalanche paths, and 

15% on meetings with planners, project management, and report preparation. 

Ferguson will spend approximately 45% of her time doing studies of snow 

mechanics, 20% doing data compilation, 10% doing path identification, and 20% 

on meetings and reports. 

Figure 2 is an outline of the project schedule. The work is proposed for 

17 months, with a desired start date of August 1, 1985. Although this start 

date is prior to the suggested date in the RFP, it is preferred to allow the 

literature, historical record, and lifeline and critical facility data compi

lation and field preparation tasks to be completed prior to the first major 

snowfall. Late summer-early fall data compilation will also allow selection 

of optimum sites for study, where the impacts of avalanches on lifelines is 

likely to be greatest. If an October start is required by USGS funding, it 

will mean that the compilation and preparation phases will overlap the field 

work, and therefore will not be accomplished in as short a time as presently 

proposed. Winter studies will emphasize mechanical analysis of the snowpack, 

and identification of paths that slide. Field work in the following summer 

will refine path analysis, evaluate mechanical and path models, and allow time 

for preparation of reports. 
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FIGURE 2 

PROPOSED SCHEDULE 

EARTHQUAKE-INDUCED AVALANCHES ALONG THE WASATCH FRONT, UTAH 

1985 1986 

Task Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Program Management 

Literature Survey 

Compile historical records, 
existing maps 

Field work preparation 

Snow mechanics study 
identify snowpack structures 
develop composite profiles 

=> develop models for snow release; 
refine, integrate results 

Path Identification 
compile lifeline and 

facility data 
map paths; photos, active 

slides 
calculate run-out and 

impact data 
geologic mapping 

Reports 
management 
project summary 
technical reports 
final report 
technical articles 
meeting abstracts 
planners data 

A 
A 

A 
A 
A 

A 
A 
A 
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Progress reports will be presented to the USGS on a quarterly basis, with 

a summary semi-annually. A comprehensive final report will be delivered to 

the Survey. Technical reports will be presented to the geological, snow 

science, and planning communities. The proposed cost schedule is shown on 

page vii . 

OTHER SUPPORT AND APPLICATIONS 

Work on this proposal would not interfere with the other tasks of either 

-of the researchers. Foley has been involved in the preparation of another 

proposal in response to this RFP. His tasks on both proposals are comple

mentary and adequate time exists during the summer season for him to accom

plish both. He has been supported in the past by Department of Energy and 

private sector work; it is anticipated that this effort will continue, but at 

an unknown level, on these projects. 

Ferguson's work with the U.S. Forest Service Utah Avalanche Forecast 

Center is directly compatible with the proposed work herein. Collecting 

information on avalanche paths, snowpack structures, and avalanche occurrences 

will aid the operational program of the forecasting center through the 

winter. In addition, observers for the forecasting program may be used to 

collect the more specific information needed for this proposed project with no 

conflict of interest, thereby substantially increasing the data base. A net

work of mountain observers is well established through the forecast center's 

computer and telephone system. This will make collecting and processing the 

incoming data efficient and operationally useful. The forecasting season 

typically lasts for six months through the winter, leaving the summer months 

to concentrate on related projects and data analysis. 

This proposal is part of an ongoing effort of UURI in environmental 

studies. It is anticipated that further avalanche proposals will be submitted 

to such agencies as the Utah Department of Transportation, the National 

Science Foundation, and the Army Research Office (particularly with the re-

establishment of the U. S. Army 10th mountain division). 
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GOVERNMENT PROPERTY 

Primari ly low-cost f i e l d items are required for th is study. Prior 

permission w i l l be obtained should any U. S. Forest Service equipment be used 

by Or. Ferguson. 
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RESUME 

Sue A. Ferguson 

POSITION: Avalanche Forecaster, Project Leader, Utah Avalanche Forecasting 
Center 

EDUCATION: B. S., Physics, 1976, University of Massachusetts/Amherst; 
Ph.D., Geophysics. 1984, University of Washington, Seattle. 
Washington; emphasis on avalanche mechanics and data analysis. 

PROFESSIONAL AFFILIATIONS: American Geophysical Union 
American Association for the Advancement of 
Science 
International Glaciological Society 
National Field Hockey Association 
Women Business Owners 

COURSES AND WORKSHOPS: 1981. USDA-FS National Avalanche School, Reno, Nevada 
1978, Northwest Avalanche School, Longmire, Washington 

PROFESSIONAL EXPERIENCE: 

1985-present Research Associate, Earth Science Laboratory/University of Utah 
Research Institute 

1985-present Guest Lecturer, Avalanche Mechanics, University of Utah and Utah 
State Univesity 

1984-present Avalanche Forecaster, Project Leader, Utah Avalanche Forecasting 
Center 

1983-present National Avalanche School instructor. 

1982-present Founder and Owner of The Avalanche Review, a monthly publication 
for avalanche professionals 

1981-present Alaska Avalanche Workshop instructor. 

1981-1983 University of Washington research associate; project supported 
by Alaska Council on Science and Technology to investigate 
snowpack features in Alaska and Washington; develop quantitative 
collection, transmission, and analysis routines for snowpack 
structure; devise objective methods of stability analysis; 
mathematically define the mechanical state of unstable snow. 

1981 USDA-FS Avalanche Center Meteorological Technician - Avalanche 
Forecaster; forecasted mountain weather and avalanche hazard in 
South Central Alaskan mountains for public and agency 
dissemination; coordinated field observations with forecast 
center; instituted data transmission and data storage systems. 
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1980-83 Supported by NSF to conduct snowpack investigations in New 
Zealand South Alps and Washington Cascades; data analysis and 
snow research performed in cooperation with Dr. Walter Good at 
the Swiss Federal Institute for Snow and Avalanche Research in 
Davos, Switzerland, Feb.-Mar., 1983. 

1979-80 USDA-FS Avalanche Center Meterological Technician; recorded 
daily snow and weather observations; helped distribute mountain 
weather and avalanche forecasts, avalanche advisories, and 
avalanche bulletins over state and federal circuits; weekly 
excursion to the Cascades to gather snowpack information and 
relay to forecast center. 

1976-1980 University of Washington research assistant, part-time; recorded 
and analyzed seismic records. Shift Manager for monitoring 
erupting Mt. St. Helens. 

1979 Supported by the University of Washington W. W. Stout award and 
the American Alpine Club to conduct snowpack investigations in 
New Zealand's South Alps; cooperated with the University of 
Canterbury, University of Otago and Mt. Cook National Park to 
test field equipment and discuss hazard assessment programs for 
the South Alps. 

1977-79 University of Washington research associate; supported by 
Washington State Transportation Research Project to investigate 
snowpack structure and evaluate stability. 

1977 University of Alaska research assistant; operated magnetometer 
to locate buried magnetics for velocity and mass balance 
determination of the Variegated Glacier. 

1976 University of Massachusetts research assistant; collected 
oriented field samples for paleomagnetic survey. 

1971-73 University of Oregon Alpine and Nordic Ski Team 

1969-71 National Ski Patrol, Mt. Pilchuck, Washington 

PAPERS AND PUBLICATIONS: 

"The Role of Snowpack Structure in Avalanching", Ferguson, S. A., Univ. of 
Washington Ph.D. Dissertation (1984). 

"Incorporating Snowpack Structure in Regional Avalanche Hazard Forecasting", 
Ferguson, S. A.. Interim Report. ACST #NH-3-80 (1982). 

"Computer Systems for Snowpack Stratigraphy", Ferguson, S. A., Montana State 
University, Bozeman, Montana, International Snow Science Workshop (1982). 

"Interpreting Snowpack Structure", Ferguson, S. A., NRC Associate Committee on 
Geotechnical Research. Technical Memorandum No. 133. pp. 62-65 (1981). 
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"Snow Pack Structure: Stability Analyzed by Pattern Recognition Techniques", 
LaChapelle, E. R., and S. A. Ferguson, Journal of Glaciology, v. 26, no. 94, 
pp. 506-511 (1980). 

"Central Avalanche Hazard Forecasting", LaChapelle, E. R., S. A. Ferguson, R. 
T. Marriott. M. B. Moore. F. W. Reanier, E. M. Sackett, and P. L. Taylor, 
Washington State Highway Department Implementation Report, Research Project Y-
1700 Phase 3 (1978). 

"Magnetic Markers for Glacier Mass Balance and Velocity Measurements", 
Harrison, W. D.. Peter MacKeith, and S. A. Ferguson, Geophysical Institute, 
University of Alaska, Report UAG R-254 (1978). 
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RESUME 

Duncan Foley 

POSITION: Geologist, Project Manager, Earth Science Laboratory, University of 
Utah Research Institute, Salt Lake City. Utah 

EDUCATION: B.A., Geology. 1971. Antioch College. Yellow Springs, Ohio 
M.Sc, Geology, 1973, Ohio State University; emphasis on 

environmental geology 
Ph.D., Geology, 1978, Ohio State University; emphasis on volcanic 

geology 

PROFESSIONAL AFFILIATIONS; 1982, American Association of Petroleum Geologists 
1980, Utah Geological Association (Secretary, 

1981-1982) 
1979. American Geophysical Union 
1978, Geothermal Resources Council (President, 

Basin and Range Section, 1980-1982) 
1976, Society of Sigma-Xi 
1972, Geological Society of America 

PROFESSIONAL EXPERIENCE: 

1/84-present 

6/79-present 

1979-present 

1/78-6/79 

Division of Continuing Education, University of Utah. Teaching 
"Geology and the Environment" which focuses on identification of 
and strategies for coping with geologic hazards (earthquakes, 
landslides, avalanche, floods) and geologic aspects of toxic and 
nuclear waste disposal. 

Geologist, Project Manager, Earth Science Laboratory, University 
of Utah Research Institute, Salt Lake City, Utah. Management 
and technical duties on Federal and private sector projects. 
Program Manager for U.S. Department of Energy funded low- and 
moderate-temperature goethermal resource assessment programs in 
16 western states, including coordination with U.S. Geological 
Survey resource assessment programs. Served as technical 
advisor to DOE, and directed production of geothermal resource 
maps. Technical tasks include geologic mapping, studies of 
geothermal systems in Utah, Idaho and Texas (including drilling 
a deep well); evaluation of exploration techniques in different 
geologic environments, and assessment of geothermal resource 
potential at federal facilities and wilderness areas. 

Instructor. Yellowstone Institute, for "Calderas and 
Hydrothermal Systems." a week long lecture and field course that 
emphasizes interpretation of ash-flow tuff stratigraphy, caldera 
evolution, and the geological nature of hydrothermal systems in 
calderas; taught in Yellowstone National Park. 

Associate Geologist, Earth Science Laboratory. Assisted in 
management of U. S. Department of Energy funded program of low-
temperature geothermal resource assessment in western U. S. 
Environmental geologist for overview of southern Utah Known 

30 



Geothermal Resource Areas. 

9/73-1/78 Research and Teaching Associate, Department of Geology and 
Mineralogy, Ohio State Univers i ty . Teaching and research in 
volcanology, environmental studies. K-ar geochronology, f i e l d 
geology in central Utah, s t ra t igraphy, and s t r i p mine 
reclamation. 

6/71-9/71 Field Assistant. U. S. Geological Survey, Western Mineral 
Resources Branch, Menlo Park, Ca l i f o rn ia . Geologic mapping near 
Go ld f ie ld . Nevada, with emphasis on volcanic st rat igraphy. 

4/69-8/69 Physical Science Aide, U. S. Geological Survey, Pacif ic Mineral 
Resources Branch, Menlo Park, Ca l i f o rn ia . Mineral separations 
lab ; geochemical sampling of a l te ra t ion assemblages and detai led 
geologic mine mapping in Goldf ie ld and Si lver Peak, Nevada. 

PROFESSIONAL ACTIVITIES: 

Presented talks on geologic parameters of geothermal energy to American 
Association for the Advancement of Science (1980), Industrial Development 
Research Council (1980), National Rural Electric Cooperative Association 
(1980), National Water Well Association (1979), U. S. Department of Energy 
Contractors (1978, 1979, 1980), Intermountain Institute of Food Technologists 
(1982), and Snake River Section of American Institute of Mining Engineers 
(twice in 1982). Talks on environmental geology to local groups in Salt Lake 
City (1984). 

Coleader of Geothermal Systems of the Yellowstone Caldera field trip, 
Geothermal Resources Council (1980); leader of Wyoming Geological Association 
field trip to hydrothermal systems of northern Yellowstone National Park 
(1982); leader of field trip for Audubon Society on environmental geology of 
the Wasatch Front. 

Courses and workshops attended: International Snow Science Workshop (1984); 
Delineation of landslide, flash flood and debris flow hazards in Utah (1984); 
Governors Conference on Geologic Hazards, avalanche work group (1983); 
Backcountry Avalanche Seminar (1982); Geothermal energy in the Cascades 
(1981); Geochemical fundamentals for geothermal exploration and reservoir 
evaluation (1980); Fission-track age dating (1979), "Direct Utilization of 
Geothermal Energy: Development of Four Educational Reports" (1979), 
Geothermal Geology of Yellowstone (1978); Volcanic rocks and their vent areas 
(1978); Direct utilization of geothermal energy (1978). 

RELEVANT PUBLICATIONS: 

"Environmental geology and land-use planning on the Big Darby Creek, Ohio, 
watershed," Foley, 0., unpub. M.Sc. thesis, Ohio State University (1973). 

"Geology and Land-Use Planning on the Big Darby Creek, Ohio, Watershed," 
Foley, D. and McKenzie, G. D., Geol. Soc. of Am., Abstracts with Programs, 6, 
No. 6, 508 (1974). ~ 
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"The geology of the Stonewall Mountain Volcanic Center, Nye County, Nevada," 
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Page i oi "J 

RATE AGREEMENT 
NONPROFIT ORGANIZATIONS 

DATE: September 11, 1984 ORGANIZATION: 
Universi ty of Utah 
Research Institute 

Suite 100 
420 Chipeta Way 
Salt Lake City, Utah 84108 
The rates approved in this Agreement are for use on grants, contracts and 
other agreements with the Federal Government, subject to the conditions in 
Section II. 

FILING REF.: The preceding 
Agreement was dated 
July 7, 1983 

SECTION I: 

]>-££ 

RATES 

Effective 
From 

INDIRECT COST RATES* 

Final 

Final 
-

Final 

Final 

Provisional 

Provisional 

Provisional 

Provisional 

Fixed 

Fixed 

10/1/82 

10/1/82 

10/1/82 

10/1/82 

10/1/83 

10/1/83 

10/1/83 

10/1/83 

10/1/83 

10/1/83 

Period 
To 

9/30/83 

9/30/83 

9/30/83 

9/30/83 

9/30/84 

9/30/84 

9/30/84 

9/30/84 

9/30/84 

9/30/84 

Rate 

14.0% 

85.5% 

45.0% 

24.0% 

13.5% 

85.0% 

43.0% 

28.0% 

41.0% 

9.5% 

Locations 

All 

All 

On-: 

Off-

All 

All 

Site 

-Site 

On-Site 

Off-

All 

All 

-Site 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(3) 

(3) 

Applieable To 

General and Admin
istrative Rate 

Utah Biomedical 
Test Lab 

Applied Technology 
Division 
Applied Technology 
Division 

General and Admin
istrative Rate 

Utah Biomedical 
Test Lab 

Applied Technology 
Division 

Applied Technology 
Division 

.Fringe Benefit Rate 
Salaried Employees 

Fringe Benefit Rate 
Hourly Employees 

SECTION I CONTINUED ON ATTACHED ADDENDUM. 
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ORGANIZATION: University of Utah Research Institute Page 2 of 5 

AGREEMENT: September 11, 1984 

SECTION II: GENERAL 

A- LIMITATIONS: The rates in this Agreement are subject to any statutory or 
administrative limitations and apply to a given grant, contract or other 
agreement only to the extent that funds are available. Acceptance of the 
rates is subject to the following conditions: (1) Only costs incurred 
by the organization were included in its indirect cost' pool as finally 
accepted; such costs are legal obligations of the organization and are 
allowable under the governing cost principles; (2) The same costs that 
have been treated as indirect costs are not claimed as direct costs; (3) 
Similar types of costs have been accorded consistent accounting treat
ment; and (4) The information provided by the organization which was used 
to establish the rates is not later found to be materially incomplete or 
inaccurate. 

B. ACCOUNTING CHANGES: If a fixed or predeteriTiined rate is in this Agree
ment,- it is based on the accounting system purported by the organization 
to be in effect during the Agreement period. Changes to the method of 
accounting for costs v/hich affect the amount of reimbursement resulting 
from the use of this Agreement require prior approval of the authorized 
representative of the cognizant agency. Such changes include, but are 
not limited to, changes in the charging of a particular type of cost from 
Indirect to direct. Failure to obtain approval may result in cost dis
allowances. 

C. FIXED RATES: If a fixed rate is in this Agreement, it is ba.sed on an 
estimate of the costs f o r the period covered by the rate. When the 
actual costs for this period are determined, an adjustment will be made 
to a rate of a future year(s) to compensate for the diferience between 
the costs used to establish the fixed rate and actual costs. 

D. USE BY OTHER FEDERAL AGENCIES: The rates in this Agreement were approved 
in accordance with the authority in Office of Management and Budget Circu
lar A-122, and should be applied to grants, contracts and other agreements 
covered by this Circular, subject to any limitations in A above. The or
ganization may provide copies of this Agreement to other Federal Agencies 
to give them early notification of this Agreement. 
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ORGANIZATION: University of Utah Research Institute 

AGREEMENT: September 11, 1984 

Page 3 of 5 

E. SPECIAL REMARKS; NONE, 

BY THE ORGANIZATION; 

(ORGANIZATION) 

(Signature) 

(Name) 

(Title) 

(Date) 

BY THE COGNIZANT AGENCY 
ON BEHALF OF THE FEDERAL GOVERNMENT: 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
(Agency] 

(Signature 

Henry J. Bomba 
(Name) 
Director 
Division of Cost Allocation/RASC 
(Title) 

September 11, 1984 
(Date) 

HHS Representative: Frank T. McKune 

Telephone: (303)844-5566 
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ADDENDUM TO RATE AGREEMENT 
NONPROFIT INSTITUTIONS 

September 11. 1984 
Agreement Reference Date 

University of Utah Research 
Institute 

Organizati 

Suite 100, 
Address 

Salt Lake 

ion 

, 420 

City, 

Chipeta Way 

Utah 84108 

SECTION I: (Cont'd) 

Effective Period 
Type 

Provisional 

Provisional 

Fixed 

Fixed 

From 

10/1/84 

10/1/84 

10/1/84 

10/1/84 

To 

9/30/85 

9/30/85 

9/30/85 

9/30/85 

Rate 

45.0% 

14.5% 

39.0% 

9.5% 

Locations 

All 

All 

All 

All 

(1) 

(1) 

(3) 

(3) 

Applicable To 

Applied Technology 
Division 

General and Adminis 
Rate 

Fringe Benefit Rate 
Salaried Employees 

Fringe Benefit Rate 
Hourly Employees 

* Base: (1) Total direct costs less Individual items of equipment in excess of 
$1,000, subcontracts and subgrants in excess of the first $25,000 
for each award, and alterations and renovations. 

(2) Total direct costs less individual items of equipment in excess of 
$1,000, subcontracts and subgrants in excess of $5,000, and altera
tions and renovations. 

(3) Direct salaries and wages excluding fringe benefits. 

Treatment of fringe benefits: This organization uses a fringe benefit rate 
for both budgeting and charging purposes. The following fringe benefits are in
cluded in the fringe benefit rate for salaried employees: 
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University of Utah Research Institute Page 5'of 5 
September TT ., 1-984 

SECTION I: (Cont'd) 

1. FICA 
2. State Unemployment Insurance 
3. Health and Disa'biVity Insurance 
4. Retirement - State and TIAA/CREF 
5. Workmen's Compensation Insurance 
6. Vacation Pay 
7. Holiday Pay 
8;. Sick leave and other paid absences 
9. ' Life and Accident Insurance 

The following fringe benefits are included in the fringe benefit rate for 
hourly employees: 

1. FICA 
2. Workmen's Compensation Insurance 
3. Unemployment Insurance 
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. EXECUTIVE SUMMARY 

During the past two years, landslide hazards in Utah have received 

national attention. The Utah Division of Comprehensive Emergency Management 

(CEM) has estimated that the Thistle landslide of 1983 caused more than $200 

million in damage. Although other landslides have not been of such magnitude, 

they have caused many problems. This is particularly true along the highly 

populated Wasatch Front, where damage in Farmington during 1983 and 1984 has 

been estimated to be more than $1 million, and along the Wasatch Plateau in 

central Utah. 

Geologic studies show that landslides have been a common phenomenon in 

Utah for many thousands of years, and it is apparent that they will continue 

to occur in the future. Even though no comprehensive assessment of the land

slide hazard has been made for Utah, more than a hundred potentially hazardous 

slide areas are known, and many hundreds of partially detached slide blocks 

exist. Sliding seems to occur more frequently during years of high precipita

tion, but significant landslides also occur in relatively dry years, as exemp

lified by the Manti slide during the mid-1970s. With mounting population, 

especially along the Wasatch Front\/where slide potential is great, we can 

only conclude that landslides will cause increasing damage in the future 

unless steps are taken to mitigate the problem. Consequently, CEM has 

requested studies to assess landslide hazards in Utah and to develop means to 

cope with these hazards. This proposal is in response to that request. 

It is clear that present technology is not sufficiently advanced to 

identify, monitor, predict and mitigate hazards arising from mass earth 

movement. Under what conditions will a landslide occur? How can one tell if 

a potential slide area is stable? Are there precursor indications, useful for 



t imely predict ion that s l i d ing is Imminent? What quant i t ies should be mea

sured to predict s l id ing? How much damage w i l l be caused i f a s l ide actua l ly 

occurs? How can hazards'*'to l i f e , property and commerce (from slides^be m i t i 

gated? The f i r s t step in determining answers to these questions is to begin 

to gather f i e l d data on landsl ides, especial ly j us t before, during and af ter 

movement. These data would be Immediately useful to state and local agencies 

charged with dealing with s l ide hazards, and are necessary to geoscientists 

and engineers in t r y ing to develop methods to monitor, predict and mi t igate 

s l ide hazards. 

In November, 1983, a team of sc ient is ts from the University of Utah (UU), 

CEM.^ftheJJtah Geological and Mineral Survey (UGMS), an^fthe University ot Utah 

Research I ns t i t u te (UURI)) Ins ta l led experimental instrumentT~Tn" Rudd"tanyon 

east of Farmington and in Reynolds Gulch in Big Cottonwood Canyon to monitor 

earth movement. The equipment operated successfully throughout the winter and 

during spring snowmelt and detected small movements that proved to be precur

sors to much larger debris flows in both areas. 

With th i s highly successful f e a s i b i l i t y e f f o r t concluded, the University 

of Utah Research I n s t i t u t e , along with the Departments of Mining and C iv i l 

Engineering of the University of Utah, propose a more detai led program of 

instrumentat ion, remote monitor ing, and engineering studies on selected high-

r isk landsl ide areas of Utah. At least two known s l ide s i tes w i l l be 

Instrumented and studied before thevl984-85 s l ide season, and four addit ional 

s i tes w i l l be studied during the 1985-86 s l ide season. Data on earth movement 

w i l l be provided to CEM for dissemination to state and local personnel on a 

real- t ime basis for use in dealing with potent ia l emergencies, and these data 

w i l l also be used by UURI and UU to fur ther our understanding of ways to 



monitor, predict and mit igate mass earth movement. 

Work under th i s proposal w i l l be carr ied out over the next two years. I t 

w i l l be imperative to receive funding as quickly as possible in order to allow 

adequate time for construction and deployment of the instrumentation before 

snowfall la te r th i s year. Any instruments l e f t undeployed th is f a l l w i l l not 

be in place before the 1985-86 s l ide season. 

The products of th i s study w i l l be (1) the development. I ns ta l l a t i on and 

operation of 6 s l ide monitoring systems with data being provided to CEM, (2) 

geosc ient i f i c and engineering studies aimed at better understanding of 

processes of mass earth movement and of predict ion and mi t igat ion measures, 

and (3) recommendations for a system to monitor sl ides that is simple, 

re l i ab le and inexpensive enough to be deployed on a wide basis and operated by 

local personnel. 

The tasks out l ined in th is proposal form the f i r s t phase of a two-phase, 

f ive-year comprehensive program to develop landsl ide monitor ing, predict ion 

and mi t igat ion techniques. A phased approach is indicated because of the many 

s c i e n t i f i c and engineering unknowns at the present t ime. At the conclusion of 

the f ive-year program, i t is ant ic ipated that we w i l l have a comprehensive 

understanding of the geological nature of s l i des , optimized design of s l ide 

moni tor ing, te lemetry, and data handling equipment and mi t igat ion techniques 

that w i l l permit CEM and other state and local en t i t i e s to I den t i f y , monitor 

and correct mass earth movement hazards before they occur. In order to 

support the f u l l f ive-year program, we w i l l seek federal funds to supplement 

those that may be provided by CEM. 

During the course of the program, we intend to work closely and 



cooperatively with CEM, the UGMS, the U.S. Geological Survey (USGS) and other 

state and local entities as appropriate. It is our understanding that the 

work proposed herein does not overlap the charter of the UGSM, which does not 

have the engineering research and technology development mandate that this 

project will require. 

Results of the work carried out under this proposal will benefit both 

state and local emergency management personnel in Utah. The understanding of 

and ability to respond to emergencies from landslides will be greatly in

creased. The development of a monitoring system, and the results of the 

geoscience and engineering studies, may also be applicable to monitoring of 

earthfill dams, several of which have failed in Utah in the past few years, 

and to the study of avalanches, which have caused more loss of life than any 

other geologic hazard in Utah. 



INTRODUCTION 

Landslides constitute only one of the several damaging natural, geologic 

hazards that have significant potential for occurrence in Utah. Among the 

other hazards are earthquakes, floods, rising and falling lake and groundwater 

levels, surface collapse over excavations and volcanic eruptions. To the 

present time, relatively little has been done to assess, predict or find 

methods to mitigate the potentially disasterous effects of any of these 

hazards. Actual occurrences of one of the above events can be relatively 

infrequent, being governed by the time scale of nature rather than of man, and 

so the public becomes lulled into a false sense of security that such events 

will not happen. Yet the geologic record is clear—such events as earth

quakes, large landslides, floods, rising lake levels and volcanic eruption 

have taken place in Utah in the recent past and, without doubt, will take 

place in the future. To ignore development of means to cope with these events 

is to invite disaster in terms of loss of life, property or commerce. 

Landslides have caused significant disruption in communities and commerce 

in Utah during the past decade, and have made national news. Although the 

public has been more aware of landslide hazards during this time, the effects 

of mass earth movement have been evident in Utah since early geological 

studies. The present wet climatic cycle has aggravated the landslide problem, 

but major movements, such as the Manti Canyon slide during the mid-1970s, have 

occurred during relatively dry years. Expansion of urbanization into range-

front slope, alluvial fan and canyon areas has placed increasingly more people 

at peril from these geologic hazards. 



Nature of Landslides 

Landslides have always been viewed with a mixture of fascination and 

respect. Together with earthquakes and volcanoes, they represent one of the 

few natural geologic events with the speed and power to affect the course of 

man. 

Landslides are usually defined as perceptible downward sliding or falling 

of a relatively dry mass of earth, rock or a mixture of the two. By contrast, 

debris flows are a general designation for all types of rapid flowage 

involving debris of various kinds and conditions (American Geological 

Institute, 1976). In some contexts, debris flow has been the term used for 

water saturated, or at least water lubricated, flows. We will use both terms 

in this proposal. Landslides result from unbalanced mechanical forces. These 

forces are the weight of the material in the slide, which is tending to move 

the mass downslope, and the internal resistance of the soil or rock, which is 

tending to oppose that motion. Landslides occur when the weight increases or 

when the interna! resistance (strength) of the soil or rock decreases. 

Infiltration of water into soils both increases the weight and decreases the 

soil strength. 

For a geotechnical engineer, a large landslide is simply the extreme 

event in the spectrum of slope stability hazards that he must consider in 

engineering design. More often he is concerned with the analysis of much 

smaller man-made slopes in such projects as highway cuts, earth dams, or open 

pit mines. The physical concepts and failure mechanisms that underlie slope 

stability analysis hold on both natural slopes and man-made slopes (Terzaghi, 

1950; Zaruba and Mend, 1969; Freeze and Cherry, 1979). They are equally 

valid for large potentially catastrophic landslides and for simple embankment 



slipouts. The Influence of groundwater conditions is significant in most 

cases, and there are significant differences between the analysis of soil 

slopes and the analysis of slopes in rock. 

The hydrologic response of a hi 11 slope to water infiltration from 

snowmelt or rainfall Involves a complex, transient, saturated-unsaturated 

Interaction that usually leads to a water-table rise, albeit one that may be 

very difficult to predict. The amount of rise, the duration of the rise, and 

the time lag between the infiltration event and the resulting rise may vary 

widely depending on the hillslope configuration, the precipitation duration 

and intensity, the initial moisture conditions, and the saturated and 

unsaturated hydrogeologic properties of the hillslope materials. It is a very 

common observation (Terzaghi, 1950) that slope failures occur during the wet 

season, or following major rainfall or snowmelt events. The triggering 

mechanism of such failures is the increase in pore pressures along potential 

failure planes. 

Landslides in Utah 

Early studies on the geology of Utah identified many areas of landslide 

activity (Goode, 1970; Schroder, 1971). No geologic province of the state is 

free from slide activity. Low population density in the early history of the 

state meant that hazards from any particular landslide event were limited. 

The population of the state has Increased, however, and people are living more 

and more in areas of high landslide hazard. There has been a resultant 

increase in damage from and awareness of landslide activity. In particular, 

the Thistle slide in 1983, and the Farmington debris flow in 1983 created 

great public awareness of the problem. Damage from landslides in 1983 and 

1984 has been estimated to be hundreds of millions of dollars. Two governor's 



conferences on geological hazards and one speciality conference have noted 

some of the problems of landslides (Goode, 1970; Atwood and Mabey, 1983). 

High hazards from landslides exist in many parts of the state, but the 

hazard is particularly acute along the highly populated area of the Wasatch 

Front. Hazards presently exist in the form of many partially detached 

landslide starting zones (Wieczorek et al., 1983) that represent areas of high 

potential for catastrophic sliding. Continued wet years would be expected to 

cause some of these Incipient landslides to move, and a moderate to strong 

earthquake could trigger sudden sliding in many areas. 

The Increase in hazards from mass movements implies that at least two 

areas of study are needed: development of simple and inexpensive monitoring 

systems, and geoscientific and engineering studies aimed at predicting 

movement in advance and mitigating its effects. The work proposed herein is 

directed toward these goals. 

Rudd Canyon and Reynolds Gulch — 1983-84 Monitoring \' 

/ 

Two potent ia l s l ide areas wereiinstrumented during the f a l l of 1 9 8 3 - - R u d d ^ / ^ 

Canyon near Farmington^and Reynolds Gulch in Big Cottonwood Canyon/^ Experi

mental equipment designed by UU and UURI spec i f i ca l l y for th is monitoring was 

used. The purpose of t h i s e f f o r t was to determine i f year-around monitoring 

was possible under the severe c l imat ic conditions of snow pack, potent ial snow 

s l i des , animal a c t i v i t y and other problems present in high mountain t e r r a i n . 

In add i t ion , the data were to be analyzed for any patterns which might be 

useful in predic t ing onset of s l i d i n g . Even though the monitoring systems 

were acknowledged as experimental, a l l systems were designed to provide 

maximum r e l i a b i l i t y in an e f f o r t to produce a f i r s t -genera t ion warning 



system. Actual performance demonstrated that (1) year-around monitoring is 

feasible, (2) consistent earth movement patterns do exist, (3) precursory 

events4wef« detected prior to landslide activity in both areas and (4) 

development of reliable warning systems appears to be a distinct possibility. 

Instrumentation. The experimental landslide monitoring system consisted 

of three major components. The first component was sensor instrumentation on 

the slide, which included extensometers to measure the amount and rate of 

offset across the upper portion of a slide, inclinometers (tilt meters) to 

measure changes in slope angle, and piezometers to measure changes in 

groundwater pressure, as well as a weather station. The second component was 

a telemetry network to radio data from remote landslide sites to appropriate 

local facilities. The third component was the receiving and data display and 

recording equipment, placed in a local emergency response center, such as a 

sheriff's office. Telemetered data were automatically monitored and displayed 

on a computer screen to identify landslide events, and were simultaneously 

stored on computer tape for further detailed analysis. 

In both the Rudd Canyon and Reynolds Gulch study areas, extensometers 

were placed across fractures that had resulted from slow earth movements in 

the potential slide block. One end of the extensometer was anchored to the 

relatively stable uphill side and the other was attached to the slide mass. 

The extensometers used in Rudd Canyon were bidirectional, i.e. they were 

capable of resolving movement into vertical and horizontal components. Those 

used In Reynolds Gulch were unidirectional, i.e. they measured only the change 

in slope distance between the two anchor points. Inclinometers were used only 

at the Rudd Canyon site. Three inclinometers were burled just below the 

surface of the ground, and two were placed on the surface in the stream 



channel immediately below the s l ide area. The purpose of the surface-mounted 

inclinometers was to indicate i f and when debris entered the stream channel. 

The locations of the extensometers and inclinometers in Rudd Canyon are shown 

on F i g u r e / , and the locations of the extensometers in Reynolds Gulch are 

shown on Figure f" 

In addition to ground displacement, weather data were also collected. A 

weather station, consisting of a tipping-bucket rain-gauge and a temperature 

recorder, was stationed at the helipad in Rudd Canyon. This station provided 

continuous precipitation and temperature data. In Reynolds Gulch, no con^ 

tinuous weather information was actually obtained on site. Two weather 

stations, however, were located in the vicinity, and data from these stations 

were used in the study. Additionally, periodic snow surveys were carried out 

in the slide areas to measure water content in the snow pack. 

Figure ̂  outlines the basic components of the telemetry system used at 

Rudd Canyon. The sensors represent movement detection devices. The analog 

signal from each sensor was presented to a multiplexer which sequentially 

converted it into an equivalent digital representation. The digital signal 

was then sent to a modem, which converted it to a series of tones to be 

broadcast by a radio transmitter to a repeater station, located at Lagoon 

resort. The signal was then relayed to the receiver station located at the 

Davis County Sheriff's office. After reconversion to digital format by 

another modem, the digital signal was processed by a Commodore C-64 home 

computer. The computer compared data from each sensor with lower and upper 

thresholds and displayed the results on a video monitor. The video display 

was updated three times per minute and a permanent record was printed every 

ten minutes. If the signal fell within the safe band, no response was 
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generated by the computer. If the signal fell outside of the safe band, 

audible and visual signals were generated. The computer also served to store 

hourly averages for each sensor and the weather station. The monitoring 

system automatically called a larger computer located at the Department of 

Mining Engineering at the University of Utah once each day and transferred the 

hourly averages. The accumulated data were then available for analysis and 

modification of threshold limits if necessary. 

Results. At 10:33 pm on May 15, Farmington dispatch reported an alarm 

from the extensometer in Rudd Canyon designated as E3 on Figure 1. The data 

indicated that fractures opened 7 mm between 4:00 pm. May 15, and the time of 

the alarm. A second alarm was received at 1:00 am. May 16. Data analysis 

indicated an accumulated displacement of 11 mm between 4:00 pm. May 15, and 

the time of the second alarm. Additional alarms from E3 were reported through 

6:56 am on May 16. At this time, the alarm capability for this device was 

deactivated to allow detection of alarms on other channels should movement 

spread to adjacent areas in the slide zone. 

Movement in the vicinity of E3 continued at various rates. The alarm 

capability was reactivated after analysis of the data, and alarm thresholds 

were reset every 12 hours to accomodate consistent trends while retaining 

ability to detect anomalous Increases. 

At 12:16 pm on May 16, Farmington dispatch received alarms from 

Inclinometers Tl and T3. Two Farmington City personnel were immediately 

dispatched to the debris basin to observe and report any adverse 

occurrences. In addition, radio contact was made with a Forest Service 

helicopter which was in the area. Forest Service personnel arrived in time to 

confirm a debris flow issuing from the spring area at the lower limit of the 



slide area. The initial flow from the slide area itself was described as very 

small, but the volume of the flow increased substantially as debris was 

mobilized within the canyon. 

A similar pattern was observed at Reynolds Gulch. In this case all data 

were obtained from the sensors through periodic interrogations rather than 

continuous monitoring. On May 13, an anomalous trend was detected in the data 

for extensometer E3 (Figure 2 ) . County and other officials were notified and 

the frequency of readings was increased to verify the trend in the movement 

curve. On the morning of May 23, field inspection disclosed the development 

of a debris slide issuing from the unstable area below E3. The volume of 

debris was small, and the event dissipated before reaching the canyon drainage 

or the road. In both Rudd Canyon and Reynolds Gulch, movement subsided 

quickly following development of the debris flows. 



OBJECTIVES OF PROPOSED WORK 

Although landslide hazards to people, property and commerce presently 

exist and have existed all during development of Utah, little has been done in 

the past beyond noting potentially dangerous landslide areas. The present wet 

climatic cycle has apparently caused movement on more slides than would be 

expected in more normal years, and has served to focus the eye of the public 

and of state personnel charged with causing for the public, on this hazard. 

We must recognize that landslides have been a continuous phenomenon and that 

they will occur in the future no matter about the weather does. We must also 

realize that with growth in population, an Increasing amount of damage come to 

be expected from landslides. Now is the time for steps to begin to understand 

landslide and debris flow phenomena and learn to deal with them. 

The work proposed herein has three primary objectives: 

/f. To deploy instrumentation to monitor earth movements at six sites that 

have high potential for landslides, and provide the data to CEM for 

dissemination to appropriate state and local entities for use in 

dealing with potential haza^a/^J<;^,^^ 

<? /. To analyze and study the data generated from the monitoring and any 

subsequent mass earth movement for the purpose of learning to monitor 

potential landslides in optimum fashion, predict sliding in advance 

and to mitigate sliding and/or its effects^ 

A % . To develop ajmonitoring and prediction system that is simple to 

operate and inexpensive enough that it can be deployed widely 

throughout the State and used effectively by local personnel under CEM 

guidancel 



STRATEGIES 

Several items of strategy are clearly indicated for succession* the 

proposed project. F i rs t , an interdi sci plinan^team approach wi l l be needed. 

Engineers to bui ld, instal l and operate the instrumentation are required; 

geoscientists and geotechnical engineers are needed to analyze the data and 

perform needed technology and instrumentation development and personnel from 

state and local agencies must be integrated to learn to use the data to help 

prevent disasters. We propose to term an interdiscipl inary sc ien t i f i c team to 

accomplish these tasks, and to work closely withfCEM in coordinating data 

dissemination and use. 

.iC 
( ^ Second, i t is equally clear that f ie ld data (collectionxis required. Data 

on earth movement and on precursors to rapid mass movement are needed at a 

number o f - p e ^ ^ ^ f t slide si tes. We need to have not only data on the way 

that earth movement begins and proceeds, but also basic geologic data on the 

slide area. These data are needed to 'onQblo uo to form a descriptive model of 

the sl iding process and to identify variables that affect when and how 

extensively a landslide wi l l move. From such a model, we wi l l be able to (1) 

determine exactly what quantities to monitor and from this be able to specify 

the design of an appropriate monitoring system, and (2) form predictive 

cr i ter ia for onset and extent of slide movement. 

Third, a multi-year program wi l l be needed to solve the many problems of 

landslide monitoring, prediction and mitigation that exist today. The state 

of the art is relat ively primitive in these topics, as i t is in the area of 

most geologic hazards. I t w i l l require signif icant time, effort and money to 

reach an adequate level of understanding of landslide mechanisms so that they 

can be predicted in time to avert loss of l i f e and mitigated to avoid property 



damage. This proposed project is viewed as the f i r s t p h a s e of a continuing 

e f f o r t to solve these problems. We intend to seek'Rources of funding at the 

national4leveU to supplement funds that might be avai lable through • £ 9 ^ S6— 

that—thfi^reil^iced-w-erk may be done to reach a Guccossful conclusion in term? 

r^ a h i l i t y tO prpdi r t ao4-m-i M ij-itH <\\Avx l i i i / j i r , | r „ 



PROJECT DESCRIPTION AND APPROACH 

Geologic studies of the nature of slides, and monitoring slides to 

provide needed data to emergency personnel, are two Important aspects of 

hazard mitigation. The basic mechanisms of landslides need to be understood 

better, and the technology for monitoring remote sites that may be hazardous 

needs to be improved. The work proposed herein will allow the development of 

six remote-telemetry slide-monitoring systems, installation of these systems 

in areas with identified high hazards, operation of these systems through one 

or two slide seasons, and geoscientific and engineering study on the nature of 

landslide problems through analysis of the monitoring data and other geologic 

data to be collected. 

The work In this proposal covers the first two years of a potential five-

year program. These two years will be mainly devoted to the further 

development of monitoring techniques and improvement in understanding of 

geological and engineering mechanisms of landslides. Further work, beyond 

this proposal, would focus on application of techniques to as many as 50 

additional sites in Utah. The ultimate goal of this program is to provide 

state and local emergency response personnel with a low cost, reliable 

monitoring system, and the geoscientific information and techniques 

appropriate to Interpret the monitoring data. Both the monitoring system and 

techniques developed to apply it would provide key input to the design of 

mitigation strategies. 

Summary of Proposed Project 

The components of the proposed project are (1) modify present instrument 

designs and construct new units to monitor and measure surface displacement. 



soil water content, electrical resistivity and weather information at 

potential landslide zones; (2) deploy these Instruments in crucial locations; 

(3) monitor data especially thoughout the snowmelt season when tendency to 

slide is greatest; (4) provide monitoring data to CEM for their use in dealing 

with potential emergency or hazardous situations; (5) perform the data 

analysis, research, engineering and technology development needed to Identify 

precursor indications of sliding for prediction purposes; and (6) develop an 

optimum low-cost monitoring system for future use. Figure 4 summarizes the 

activities proposed, and is relevant to the description on the next several 

pages. These tasks- form the first two years of the overall five-yoar program.-

Site Selection 

The selection of sites to be monitored will be very important. Sites 

should be in areas where potential for significant damage is great. They 

should also have a high probability of sliding and have reasonable access. 

Selection of the first two sites has tentatively been made. These will be at 

Rudd Canyon near Farmington and Reynolds Gulch in Big Cottonwood Canyon, the 

same sites that were Instrumented during the 1983-84 slide season. Continued 

monitoring of these areas is desirable to establish a longer-term baseline. 

Both of these areas present a moderate level of hazard to human activities. 

At Rudd Canyon, the landslide hazard is presently greatest from a slump block 

(Fig 1). The presence of a debris basin at the bottom of the canyon provides 

a mechanism for trapping debris that may move downslope. At Reynolds Gulch, 

slippage has the potential for blocking the highway and Big Cottonwood 

/creek. By utilizing instruments already in place, adding selected new 

instruments, and providing new background geoscientific and engineering 

studies, these sites can be much better understood. 
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Selection of addi t ional s i tes w i l l - ® ^ S 3 3 be done in close cooperation i y^ 

with4>CEM and other en t i t i e s that CEM designates. We ant ic ipate tha t the tlfiSK, C U ^ ^ ) 

the yS&S, affected local governments, and perhaps other federa l , s ta te , and 

local agencies and pr ivate companies would pa r t i c i pa te . 

Instrumentation 

The f i r s t generation of equipmenty used to m&nitor Rudd Canyon and 

Reynolds Gulch in 1983-84 was c lear ly exper1merft^< However, i t performed 

reasonably w e l l . UURI and UU are current ly pursuing the poss ib i l i t y of 

patenting the design of th i s equipment and would also pursue patenting any 

Improvements or other design changes. I t is our desire to of fer the equipment 

for use by others while reserving r ights in the equipment. 

For purposes of the current proposed p ro jec t , construction of new 

equipment, with minor design improvement^ w i l l be needed. Design 

improvements, construction and deployment of instruments w i l l take several 

months. I ns ta l l a t i on must be made before snowfa l l , when access to s l ide s i tes 

i s s t i l l possible. Because i t is already la te in the year, we ant ic ipate 

being able to instrument only a l imi ted number of s i tes pr io r to the 1984-85 

s l ide season. I t i s very important to begin work on the instrumentation at 

the ear l i es t possible t ime. Delay un t i l the next state or federal budget 

cycle w i l l mean that funding w i l l not be avai lable u n t i l the summer of 1985, 

and an ent i re s l ide season w i l l be l o s t , meaning one year 's delay in resu l t s . 

The ex is t ing electronics module in use at Rudd Canyon was designed for 

that spec i f ic s i te to match sensors already emplaeed. Our experience has 

shown that the basic design is sound but should be improved. A more 

generalized system design is proposed that can be easi ly adapted to a wide 



variety of monitoring situations and sensors is contemplated. 

Approximately one third of the field sensors were lost in Rudd Canyon as 

a result of the May 23 debris flow. New field instrumentation needs to be 

constructed and redeployed prior to onset of winter. This task will involve 

construction of at least two new extensometers; repair of E3, which was 

damaged by snow loading; replacement of three inclinometers lost in the slide; 

addition of a snow pillow to measure snow pack, and addition of at least two 

piezometers to measure groundwater conditions near E3 and the springs area. 

During or subsequent to deployment of field instrumentation, the multiplexer 

developed by UURI will be examined to determine the effect of long-term 

operation, and modified if necessary for another field season. In addition, 

recently acquired radio equipment must be tested and packaged for field 

operation. 

All five extensometers positioned in Reynolds Gulch were extensively 

damaged by snow loads. They will all be replaced with extensometers similar 

to those now in Rudd Canyon. In addition to extensometers, at least four 

piezometers, a precipitation gauge, temperature recorder, and a snow pillow 

will be added to the system. Since water infiltration appears to be an 

important factor In initiating sliding, a simple device similar to a rain 

gauge will be developed to measure water infiltration and added to the 

system. All data for the 1983-84 slide season were obtained by periodic 

interrogation of the sensor system. A telemetry system will be added to 

insure proper data acquisition during the critical spring period. 

The basic shapes of cumulative ground displacement curves as a function 

of time for both areas monitored during 1983-84 were the same. During the 

midwinter months little or no movement occurred. The onset of movement in the 



spring was abrupt and decelerated rapidly following debris flow activity. The 

onset of movement correlated well with melting of the snow pack and presumed 

rise in groundwater levels. The deceleration also correlated well with 

presumed decrease in groundwater levels attending liquification of soils 

Immediately preceeding debris flows. The most logical explanation for 

coincidence of fracture dilatation and debris flows is, therefore, a temporary 

reduction in effective soil strength caused by increasing groundwater 

pressure, but this assumed explanation has not been verified. If the 

assumption is correct, monitoring fracture dilatation is only an indirect 

means of measuring pore pressure, and perhaps a more direct approach would 

provide a superior monitoring strategy. Therefore, before committing all of 

the resources to building additional monitoring systems of the type used 

during 1983-84, additional investigations will be conducted in Rudd Canyon, 

Reynolds Gulch and any other sites Instrumented before snowfall this winter to 

evaluate probable correlations between melting of the snow pack, water 

infiltration, groundwater levels, fracture dilatation, and occurrence of 

debris flows. This information will help Insure development of the most 

reliable monitoring methods and eventual development of the most effective 

warning systems. 

Monitoring and Data Distribution Data 

We propose to telemeter the monitored data to a central location for 

continuous display in real time. Present plans would be to use a local 

sheriff's office or similar facility that is operated around the clock. Data 

would also be transferred to UURI and UU periodically, probably on a daily 

basis. CEM would have access to the data either at the telemetry receiver 

site or at UURI. UURI would perform no data distribution functions. CEM 



would distribute the data and any real-time analysis as i t sees f i t to local , 

other state and federal agencies and the public. After the data are col lect

ed, UURI's primary interest w i l l be in their sc ient i f ic analysis, which, of 

course, w i l l be provided to CEM on both an Informal and formal basis. 

Geoscientific Studies 

Geology. Geological studies wi l l Include geologic and limited 

topographic mapping and mineralogic work on the slide block and i ts 

environs. Although i t is often reported that selected geologic units are the 

most prone to sl iding along the Wasatch Front (e.g. the Arapeen Formation and 

the Farmington Canyon Complex), detailed studies of the stratigraphy of these 

formations to identify the most slide-prone units and their characteristics 

have not yet been carried out. This is part icularly true for the Farmington 
y r ^ y ^ ft>A^ 

Canyon Complex, which has'been triated by landslide investigators as a 

homogeneous mass of rock. Identification of stratigraphy in much of the area 

of the Farmington Canyon Complex has been hampered by deep weathering and 

extensive vegetative cover; there is no reason to expect, however, that the 

rock unit is any less diverse in slide areas than in areas where it is better 

exposed (e.g. Hansen, 1980). Stratigraphic controls are probably Important in 

determining which portions of the range front are likely to slide, but these 

controls are not yet documented. Geologic structures such as faults, 

fractures and folds within these rocks are also known to be extensive and 

diverse. It is entirely possible that unrecognized controls, such as traces 

of the Wasatch Fault or older faults, may help localize slide activity. 

If any of the monitored slides move during the course of this program, 

the slide area will be revisited, and a detailed geologic map will be made to 

compare with the previous map. This map will supplement the earlier map by 



noting deta i l of changes, and iden t i f y ing newly exposed character is t ics of the 

rocks and s o i l s . 

A second geologic aspect that w i l l be invest igated is the mineralogy of 

s l ide areas, pa r t i cu la r l y the clay assemblage in s ta r t ing and s l ipp ing 

zones. Clay minerals that have formed from the weathering of the underlying 

bedrock may be important in both the s l ide break and small-scale but important 

hydrologic e f f ec t s . To date, no such studies have been done. These 

mineralogic studies w i l l prove useful to design of mi t iga t ion s t ra teg ies . 

Documentation of landsl ide s ta r t ing and s l id ing zones through mul t ip le 

sequences of aer ia l photography can great ly Increase understanding of the 

geological and hydrologic conditions of the s l i des . Aerial photographs allow 

determination of changes in topography before and a f te r s l ide events, 

documentation of addit ional zones of weakness, which may extend beyond the 

port ion of a s l ide that has been instrumented, and detection of conditions 

appropriate for fu r ther imminent s l i d i n g , without having to get to the s l ide 

area on the ground. Aerial photographic monitoring of s l ide areas w i l l 

nominally consist of three f l i g h t s over selected s i t e s . The f i r s t w i l l be 

timed to accompany or s l i g h t l y post date the i n s t a l l a t i o n of the s l ide 

monitoring Instruments. The second f l i g h t w i l l be made when the snowmelt l ine 

reaches the s ta r t i ng zone of the s l i d e , when the probab i l i t y of movement of 

the s l ide w i l l probably be at i t s highest. The t h i r d w i l l be a f ter the snow 

has melted, but p r io r to f u l l growth of vegetat ion, to Ident i f y any new 

fractures or p a r t i a l l y detached zones l e f t a f ter the s l i d e . I f the s l ide has 

moved s i g n i f i c a n t l y , t h i s t h i r d over f l igh t w i l l also document the nature and 

extent of movement. 

Both natura l -co lor and Inf rared photographs w i l l be made. Natural-color 



photography is particularly applicable to help understand geologic conditions, 

whereas Infrared photography is best suited to detecting changes in water 

content of the ground and determination of anomalous zones of vegetation. 

Geophysics. Mapping water-saturated or clay horizons in slide areas can, 

in some instances, be assisted by performing electrical resistivity surveys, 

and the thickness of a potential slide block may possibly be determined in 

this way. Usually soils with high water or clay content exhibit lower 

electrical resistivity than bedrock or soils without high water or clay. The 

presence of clays and the variation in water content along planes of slippage 

are also targets for the technique. We propose to determine how well the 

electrical resistivity method will work in this application by performing 

surveys at two locations during the 1985 summer field season. 

Resistivity and self-potential electrical geophysical surveys together 

have the capability of mapping the moving inflow of water into a slide 

block. Water movement not only lowers the electrical resistivity but also 

produces self-potential anomalies via the electrokinetic effect. Quantitative 

Interpretation of both data sets has been used by Sill (1982a,b; 1983a,b) to 

indicate fluid flow into and out of fractured and porous media. These data 

may well provide an early warning of slippage. Such warning could occur ahead 

of the warning from the extensometers and telemeters. 

We propose to Instrument at least one slide for the 1985-86 season with a 

continuously monitoring resistivily/self potential system. This system will 

follow the design of that used by Morrison et al. (1977) to monitor movement 

on the Hayward Fault southeast of San Francisco. The monitoring will extend 

from early October through June of the following year, until cessation of 

slide movement. 



Soil Stability. Geotechnical engineering studies will be undertaken to 

measure relevant soil strengths and perform analyses to identify mechanisms 

and conditions leading to landslides. The primary activities will include 

sampling of soils for strength determination in the field and laboratory and 

an analysis of the stability of the slopes. During site visits, the cohesive 

strength of the soils will be measured using a Torvane shear device. It is 

anticipated that strength tests will Include unconfined compression and 

triaxial tests as appropriate. The testing will assist not only in defining 

soil strength characteristics as a function of moisture content, but also in 

Indicating the degree to which moisture varies within the potential slide 

areas. 

The lateral extent of a potential slide area is often relatively easy to 

delineate In areas where movement has previously occurred. However, a 

complete understanding of the potential for movement requires a knowledge of 

the volume or mass of material which will participate in the landslide. 

Consequently, a profile of movement with depth is necessary. To obtain such 

information, geotechnical engineers have successfully used systems known as 

slope Indicators to profile ground movement as a function of depth. These 

systems consist of flexible plastic pipe with continuous slots in the inner 

wall parallel to the pipe axis. The pipes are placed in boreholes to a depth 

below which movement is believed to be occurring. Movement of the pipes is 

detected by passing through the pipe a torpedo-shaped device, which contains 

inclinometers at right angles to each other, and which rides on wheels in the 

slotted pipe to maintain alignment. Reduction of the inclinometer data 

enables one to establish soil movement. By periodically running the torpedo 

through the pipes the location of the sliding surface can be determined as 

well as a profile of movement with time. We will make such soil movement 



analyses at selected sites on the Instrumented slides. 

Integration and Analysis of Data 

An integrated, interdisciplinary analysis of the data generated by this 

study will be undertaken using the full range of techniques developed by the 

geotechnical engineering profession. A geologic description of the slide 

areas and of the results if any sliding that occurs will form the basis of 

further analysis. Data on soil type and mineral content, variations in soil 

water content and observed earth movement will be subjected to slope stability 

analyses using methods devised, for example, by Patton and Hendron (1974), 

Piteau and Peckaur (1978), Bishop (1955), Bishop and Morganstern (1960), 

Morganstern and Price (1965), Coats (1977) and Terzaghi and Peck (1967). The 

results of such analyses will enable us to Identify phenomen that occur prior 

to, during and after slide movement and to form a model for landslide 

movement. From such a model we will be able to: 

1. Specify parameters that can be measured during monitoring of potential 

slide areas. Measuring actual ground movement, as the current 

monitoring system data, may not be the most desirable. It may be 

simpler and less expensive to measure degree of water saturation using 

piezometers or electrical resistivity using conventional geophysical 

techniques. Before an optimum, simple, reliable monitoring system can 

be specified, a number of Important questions must be answered by the 

data analysis; 

2. Specify the precursor indications that sliding is imminent and 

approximately when. Ideally, we would be able to show that precursors 

exist which would give enough warming to take mitigation measures. At 

the >^ery least we hope to develop techniques that yield enough warning 



of a slide to provide time for evacuation of people. The nature of 

precursors, the quantities which indicate that sliding is imminent and 

the length of the warning period are all now unknown. 

3. Describe better the sliding process, including how water-saturated 

debris flows pick up much additional material down-channel and thus 

grow in size as they move along. The goal of such analysis would be 

to relate slide size to the amount of debris that may ultimately be 

deposited when the flow comes to rest; 

4. Begin to describe potential mitigation measures that might be 

undertaken to prevent slide damage. In some cases, it may be possible 

to drill a number of wells into a potential slide and pump out excess 

water as a stabilizing measure. In other cases, soil mineralogy might 

be changed chemically to effect stabilization. In still other cases, 

perhaps a bigger debris basin or avoiding construction development in 

the area are the best answers. 



EXPECTED RESULTS 

The proposed work will be an important first step to providing a 

comprehensive system to monitor, predict and mitigate landslide hazards in 

Utah. Although we cannot expect to solve these problems completely with the 

present project, the level of effort suggested herein is believed to be 

appropriate given the large number of unknowns. Certainly, for example, we 

could not propose a larger program of instrumenting slides because we are not 

sure that the present monitoring system is optimum, or even that the best 

parameters are being monitored. 

At the completion of this first phase of the project, we expect to be 

able to: 

1. Develop a reliable, hopefully low-cost landslide monitoring system, 

including instrument design and determination of the critical 

parameters to measure; 

2. Specify the precursor signatures in the monitored data that indicate 

that sliding is imminent and perhaps even the amount of time before 

rapid sliding begins; 

3. Specify the geologic conditions that tend to facilitate development of 

a slide; 

4. Develop a preliminary model of the mechanical mechanism of the sliding 

process; 

5. Suggest potential mitigation procedures that may be effective for the 

sites studied. 



SCHEDULE 

The proposed schedule for this project is given in Figure 5. The 

schedule assumes that the project can be started on 10 October 1984, i.e. that 

notification of funding and contract negotiation between UURI and CEM takes 

place in September, 1984. As we have stated previously, UURI will need as 

much lead time as possible in order to get equipment installed before 

snowfall. Time is already ^^ery short. If funding is not available soon 

enough, then monitoring for the anticipated 1984-85 slide season will not be 

possible--the schedule is not merely stepped forward by one month for each 

month delay in funding. 
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EXPLANATION OF REPORTS 

1. Interim report documenting monitoring insta l la t ions. 

2. Annual technical and progress report on results of 1984-85 slide season 
monitoring. 

3. Report on selection of four si tes. 

4. Interim report documenting new monitoring Instal lat ions. 

5. Annual technical and progress report on results of 1985-86 slide season 
monitoring. 

6. Final report with recommendations for monitoring, predicting and 
mitigating landslides in Utah. 



PROPOSED BUDGET 

A summary of the proposed budget for this project is given below. It is 

broken out by units so that the cost of each of the proposed components can be 

identified. Budget details are given on the following page. 

MONITORING EQUIPMENT 
Instrumentation on Site $ 58,515 
Telemetry 57,620 

MONITORING (Data Acquisition) 125,315 

GEOLOGICAL STUDIES 46,420 

GEOPHYSICAL STUDIES 73,970 

SOIL STABILITY STUDIES 45,115 

DATA INTEGRATION AND ANALYSIS 58,310 

TOTAL . $465,265 

Several considerations should be brought out in discussing th i s budget. 

F i r s t , i t i s , of course, very much larger than the amount spent for 1983-84 

monitoring at Rudd Canyon and Reynolds Gulch. There are several reasons for 

t h i s , and chief among these are: 

1 . The present proposal includes monitoring at six s i t es , rather than 

two; 

2. The present proposal includes a s ign i f i can t engineering and technology 

development e f f o r t that was not included in the past work and without 

which neither the problems of landslide predict ion and mi t igat ion nor 

of developing our optimum and cost -e f fec t ive monitoring system w i l l be 

solved; and 

3. The 1983-84 e f f o r t Involved a very considerable expenditure of 

unreimbursed personal time on the parts of UU and UURI personnel, 

whereas in the current proposal we have planned to pay salary time 



much more in line with time that will actually be worked on the 

project. No project as large as the present one would be possible 

using the same proportion of volunteer, free time as has been donated 

in the past. 

Second, there are a number of opportunities for cost saving in the 

proposed budget, as follows: 

1. There is approximately $13,000 in helicopter charges included. If 

helicopter time could be donated by the State or the U.S. Forest 

Service, all or part of this cost could be deducted; 

2. Costs for installation and maintenance of monitoring equipment are 

based on the assumption that most of the areas will have fairly 

difficult access. Rudd Canyon is considered to be such an area. If 

some of the 4 new sites have easier access, costs could be brought 

down, but because these sites are not now known, there is no good way 

to predict this cost; 

3. Other opportunities for decreasing costs may become apparent during 

the course of the project. We intend to work with CEM to keep costs 

to a minimum. If cost cutting measures can be found, they will be 

applied. 



Figure 6 

BUDGET 

MONITORING EQUIPMENT (Construction and Installation) 
Instrumentation on Site $ 58,515 

Professional Salaries 
Support Salaries 
Travel and Helicopter 
Equipment (6 s i tes) 

Telemetry System 
Professional Salaries 
Support Salaries 
Travel 
Equipment ( 6 s i tes) 

7 
35 

22 
3 

MONITORING (Data Acquis i t ion) 
Professional Salaries 
Support Salaries 
Student (1 year) 
Travel 
Equipment 

GEOLOGICAL STUDIES 
Professional Salaries 
Support Salaries 
Travel 
Supplies 

85 
155 

90 
16 

X-Ray D i f f rac t ion Patterns 

RESISTIVITY MAPPING 
Professional Salaries 
Support Salaries 
Travel 
Supplies 
Equipment 

RESISTIVITY MONITORING 
Professional Salaries 
Support Salaries 
Travel 
Supplies 
Equipment 

SOIL STABILITY 
Professional Salaries 
Student Salary 
Travel 
Supplies 
Equipment 

5 
35 

78 
62 

9 
1/2 

days 
days 

days 
days 

days 
days 

days 
days 

days 
days 

days 
days 

days 
year 

$ 3,685 
6,505 

19,595 
28,730 

10,035 
495 

5,500 
41,590 

34,740 
57,265 
6,700 
2,515 

24,095 

33,615 
3,150 
2,635 
1,500 
5,520 

3,585 
6,655 
6,415 
2,010 
2,510 

30,150 
12,500 
3,950 
1,170 
5,025 

6,280 
6,280 
2,250 
5,695 

24,610 

57,620 

125,315 

46,420 

21,175 

52,795 

45,115 



DATA INTEGRATION AND INTERPRETATION 
Professional Salaries 110 days 
Support Salaries 63 days 
Computer Costs 
Reporting 
Travel 

46,530 
6,280 
2,500 
1,500 
1,500 

58,310 

TOTAL $465,265 



STAFFING AND MANAGEMENT 

Overall administration of the program proposed herein will be under the 

Utah Division of Comprehensive Emergency Management (CEM). However, UURI will 

be deemed and treated as an Independent contractor for the proposed work. CEM 

will be responsible for all coordination aspects of the project with other 

entities, and will be UURI's point of contact for the project. Although 

management of an interdisciplinary. Integrated program such as this one needs 

to be centralized in one organization, success of a such study can best be 

achieved by involving expertise from several organizations. We suggest that 

advice and guidance to this program be obtained from a steering committee, 

composed of representatives to be designated by CEM and drawn from CEM, UURI, 

UU, UGMS and perhaps the USGS. 

Overall management of the proposed technical work will be by the 

University of Utah Research Institute. UURI personnel will perform 

geotechnical and electrical engineering aspects of the study. Personnel of 

the Departments of Mining and Civil Engineering, University of Utah, will 

provide geotechnical engineering expertise. Other University of Utah 

personnel can also be involved if appropriate. Resumes of principal UURI and 

UU personnel are in Appendix A. 

Day-to-day operation of the monitoring receiving stations will be the 

responsibility of the local government unit to which they are assigned with 

assistance and direction from CEM. Maintenance and insuring that the 

monitoring and telemetry equipment are operating will be the responsibility of 

UURI. 

Personnel from agencies of the State of Utah will be Involved in the 



program. These wi l l Include the Utah Geological and Mineral Survey, which 

w i l l aid in site selection and w i l l assist in evaluation of results. Limited 

no-cost part ic ipat ion, guidance and advice w i l l be sought from other 

appropriate groups such as the U.S. Geological Survey and the U.S. Forest 

Service. 



FOLLOW-ON PROGRAM 

The presently proposed e f f o r t i s for the i n i t i a l two years of a f ive-year 

t o ta l program. The fo l lowing three years would be devoted t o : 

1. Development and deployment of landsl ide monitoring instrumentation on a 

wide basis throughout Utah. The monitoring system would be as 

Inexpensive as possible and would be sui table for operation by 

r e l a t i v e l y unsk i l l ed , local personnel with advice and administrat ion 

from CEM. We ant ic ipate that as many as 60 potent ia l s l ide areas may 

u l t imate ly be monitored; 

2. Development of a comprehensive s c i e n t i f i c and engineering understanding 

of landslides and of methods for predict ing t he i r occurrence and the 

potent ia l damage that might result therefrom; 

3. Development of mi t iga t ion recommendations and procedures for various 

landsl ide hazards. Such mi t igat ion procedures are expected to be a 

complex funct ion of at least the fo l lowing var iab les; locat ion of the 

s l ide re la t i ve t o developments, size of the s l i d e , geology of the s l ide 

block and i t s environs, yearly weather in the s l ide area, how re l i ab l y 

the s l ide can be monitored, and other fac to rs . 

The cost of the fol low-on three years is d i f f i c u l t to estimate at t h i s 

t ime. By making the assumption that monitoring would be provided for 60 areas 

at an equipment cost of $6000 per area, an i n s t a l l a t i o n cost of $4000 per 

area, and that the technology development team would consist of two f u l l - t i m e 

equivalent sc ient is t /engineers and two f u l l - t i m e technicians/students, the 

three-year fol low-on program is very roughly estimated to be $1,400,000. 

We would plan to seek federal funds to provided part or a l l of t h i s 

amount. 
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PROTOTYPE INSTRWENTATION AND MONITORING PROGRAMS 
FOR 

JCASURING SURFACE DEFORMATION ASSOCIATED W T H LANDSLIDE PROCESSES 

by: Michael K. McCarter and Bruce N. Kaliser 

ABSTRACT 

Extensometers and Inclinometers were deployed In three areas of the 
Wasatch Front to measure surface soil deformation during the 1983, winter-
spring transition. Resulting displacement vs. time plots disclose similar 
response patterns for each site which may be useful In identifying high risk 
periods for gross Instability or debris flow development. 

INTRODUCTION 

During the spring of 1983, melting of an unusually heavy snow pack 
resulted In numerous debris flows and other forms of rapid slope movement In 
the mountainous terrain of northern and central Utah. Because of the high 
potential for reoccurring movement, geotechnical monitoring of recognized 
landslide areas appeared to be a reasonable step to help mitigate adverse 
impacts on down-slope communities. 

Carl Terazagi (1950), well-known pioneer In soil mechanics and slope 
stability, expresssed the opinion that few, If any, landslides occur without 
warning. This warning may be In the form of adverse hydrologic, lltholpgic, 
topographic, or meteorologic conditions, or warnings of a more Immediate na
ture which are manifested In the displacement history of the affected slope. 
Displacement histories have been sucessfully used In the mining Industry to 
help Insure safe working conditions (Kennedy et al., 1969; Ko and McCarter, 
1975; McCarter, 1976; Larocque, 1977; Campbell and Shaw, 1979). Application 
of this technology may provide practical benefits for communities located in 
the path of potential debris flows. For this reason, the Utah Geological and 
Mineral Survey and the University of Utah engaged In a joint effort to deploy 
several monitoring devices on the Weber Bench in Weber County, In Rudd Canyon 
In Davis County, and In Reynolds Gulch In Salt Lake County. The goal of this 
effort was to provide quantitative data on climatic conditions and relatively 
long-term slope movement for several sites and to evaluate the possible exis
tence of precursory events Indicating a high potential for landslide activity. 

Michael K. McCarter is a Professor of Mining Engineering, University of 
Utah and Bruce N. Kaliser Is the Chief of the Hazards Section, Utah Geological 
and Mineral Survey. 



INSTRUMENTATION 

Numerous devices have been developed to measure processes associated with 
slope failure. Some are commercially available while others must be con
structed to fit Individual site requirements. One of the major challenges In 
this project was to develop devices capable of measuring soil deformation at 
or near the surface during the winter-spring transition. Specifically, equip
ment must be robust enough to survive heavy snow loads while remaining sensi
tive to soil movement. The following paragraphs will provide a brief descrip
tion of the transducers used to detect slope movement, equipment deployed to 
measure climatic conditions, and systems used to collect data. 

EXTENSOMETERS 

Prototype extensometers were constructed using two different designs. 
The most successful is referred to as the Rudd extensometer (see Figure 1). 
It consists of a 3.7 m (12 ft) length of 2.54 x 5.08 on (1 x 2 in) rectangular 
steel tubing and a 1.3 m (51 in) length of 1.9 x 1.9 cm (0.75 x 0.75 in) steel 
bar. As shown in the figure, one end of the tube is anchored to the uphill 
(relatively stable) side of a fracture using a 1.07 m (42 in) length of stan
dard 2-inch steel pipe. The tubing is attached using a bracket which allows 
the extensometer to pivot in a vertical plane. The bar is positioned within 
the tubing at the downhill end and is free to move in or out of the tubing on 
roller guides. The exposed end of the bar is attached to a bracket and pipe 
similar to the uphill anchor, 

FIGURE 1 Rudd Extensometer 

PIVOT 

TUBING 

HOUSING 



The lower surface of the bar contains a milled grove which provides a 
longitudinal recess for a 1 m (39 in) precision gear rack. This rack serves 
to rotate a 32 D.P. spur gear as the rod slides in or out. This gear is held 
in contact with the rack by a spring and rotates a 10-turn, 2K ohm, precision 
potentiometer. This device provides a change in resistance proportional to 
the change in position of the bar relative to the end of the tube. The diam
eter selected for the spur gear provides an output of approximately 2 ohms per 
mi l l imeter. The data col lection system, however, incorporated the potentiom
eter as a voltage divider, and the ratio of the wiper arm potential to the 
applied voltage was, therefore, nearly equal to the extension in meters. 

The spur gear and potentiometer are housed in a weatherproof enclosure 
mounted og the end of the tube. This enclosure also contains an inclinometer 
(Humphrey CP17-0601-1 pendulum potentiometer) with the same electr ical char
acter is t ics as the 10-turn potentiometer previously described. The inclinom
eter has a range of t45°, and the mounting configuration permits measurement 
of extensometer att i tude from horizontal to vertical in a downward direction 
about the pivot. Capability of measuring extension and att i tude permits 
calculation of horizontal and vertical components of movement for the downhill 
anchor relat ive to the uphil l anchor. The device is sensitive to a change in 
position of as l i t t l e as 2 mm (0.08 in) over the 1 m (39 in) range. 

The Reynolds extensometer Is very similar In design to the Rudd exten
someter but with several notable exceptions. The overall length, 4.6 m (15 
f t ) . Is longer, and the housing used to protect the potentiometer and f a c i l i 
tate electr ical connection is positioned at 1.5 m (5 f t ) from the downhill 
end. This housing Is attached by welding the enclosure direct ly to the tubing 
after suitable openings are machined in the tubing to accept the potentiometer 
and drive linkage. 

The Rudd extensometer was found to be much easier to service in the f ie ld 
and less susceptible to damage caused by rough handling in t rans i t to the i n 
s ta l la t ion s i te . The Reynolds extensometer is more compact, but the welded 
construction and machined openings in the tube, along with the additional 
length, severely l imi t the ab i l i t y of this device to withstand the snow loads 
encountered during this study. All of the extensometers constructed with the 
Reynolds design experienced excessive bending at the enclosure, and i t was 
necessary to reinforce the welded area with an additional length of tubing 
which was attached in the f i e ld after readings disclosed the bending problem. 

Five extensometers were constructed using the Reynolds design, and 4 were 
constructed using the Rudd Design. Eight of the nine survived to produce 
data during the spring snow melt. Midwinter maintenance was necessary and 
only three devices survived without some bending. 

INCLINOMETERS 

Individual inclinometers were used only at one si te (Rudd Canyon) to 

detect gross movement. Some were buried at shallow depth to detect pro-

Ident i f icat ion of brand names in this paper does not imply endorsement. 



gression of slide boundaries in an uphill direction while others were mounted 
on the surface below the potential source of slide debris. Surface mounted 
inclinometers were intentionally placed where they would be destroyed or 
disrupted in the event of a debris flow immediately above the installation. 

In all cases, inclinometers consisted of the Humphrey pendulum protected 
by a suitable enclosure. Readings from each inclinometer were expressed as 
the ratio of the wiper contact potential to the applied voltage. Positive 
changes in the ratio indicated a rotation of the inclinometer housing in a 
forward or downhill direction about the pendulum pivot. Negative changes 
indicated the reverse motion. The range was t45° with respect to the direc
tion of gravity with a detection threshold of approximately 10 min of arc. 

Burled inclinometers provided consistent data throughout the test 
period. The attitude of surface mounted Inclinometers, however, was affected 
(up to 7.8°) by snow creep, saturation of surface soil, and accumulation of 
debris. The surface mounted inclinometers also exhibited an undesirable 
sensitivity to temperature changes. This sensitivity did not affect data 
accuracy for this project but may complicate design considerations should the 
same device be used with other data collection systems. 

WEATHER STATIONS 

Only two monitoring sites (Rudd Canyon and Weber Bench) were equipped 
with instrumenation to monitor precipitation, and only one (Rudd Canyon) was 
equipped to continuously measure temperature. All other climatic data were 
obtained from nearby established weather stations. 

The Weber Bench installation Included a U.S. Weather Bureau rain gage 
which was manually read following precipitation events. Thermometer readings 
were obtained at the time of instrument readings, but maximum and minimum 
daily temperatures, along with precipitation data, were obtained from the Hill 
Field Weather Station, approximately 7.2 Km (4.5 mi) away. 

The Rudd Canyon installation was equipped with a Qualimetrics P501-AE 
rain gage and a YSI 44004 thermistor which provided continuous data from May 5 
through June 30. On April 14, a snow survey was conducted to establish the 
water content of the snow pack in the vicinity of the weather station. 

The sources of meteorological information for Reynolds Gulch were the 
Argenta Station, located approximately 2 Km (1.2 mi) down canyon and 244 m 
(800 ft) lower in elevation, and the Brighton Station, located approximately 
7.3 ttn (4.5 mi) up canyon and 180 m (590 ft) higher in elevation. The Argenta 
Station provided precipitation data while the Brighton Station was used for 
temperature measurements. In addition, snow surveys were conducted especially 
for this study by the Salt Lake Water Department to provide direct measure
ments of the water content In the snow pack at the Instrument site. 

DATA COLLECTION 

Three different methods were employed to collect data. Direct inter
rogation was used at Weber Bench since the site was located near a residence 



and the homeowner was willing to read the instruments on a daily or more 
frequent basis. Remote interrogation was employed at Reynolds Gulch where a 
670 m (2200 ft) cable was used to activate a stepping relay and sequentially 
couple each of the transducers to measuring equipment. Finally, radio telem
etry was used at Rudd Canyon to relay information from the field site to the 
Davis County Sheriff's Dispatch Center. The following paragraphs will provide 
a brief outline of each system. 

DIRECT INTERROGATION 

Oata acquisition was accomplished by connecting a 1.5 V alkaline battery 
across the resistive element of each displacement transducer. The potential 
of the wiper contact and applied voltaoe were then measured relative to the 
negative side of the battery using a 3^z<^^9^^ portable multimeter. The two 
readings were used to calculate the ratio to 3 significant figures. The 
alkaline battery, multimeter, and cable connectors were incorporated in a 
single package for ease of operation, and the resulting data were independent 
of temperature and repeatable within ±2 nm (0.08 in) and tlO min of arc for 
the extensometers and inclinometers, respectively. Direct interrogation was 
used at both Rudd Canyon and Reynolds Gulch until communication links were 
established. 

REMOTE INTERROGATION 

Following an earlier attempt which failed due to severe weather condi
tions, a 4-conductor cable was successfully Installed on March 31, 1984, be
tween the field site In Reynolds Gulch and a check point near the main road in 
Big Cottonwood Canyon. This cable enabled activation of a 12 VDC, stepping 
relay and sequentially established electrical contact with each extensometer 
and two Internal reference resistors used to check system calibration. The 
equivalent circuit diagram is presented on Figure 2. As shown, all potenti
ometers were connected in parallel and the wiper contact of each was connected 
to one of 12 contacts on the relay. The first contact provided the potential 
applied to the potentiometer array by the 1.5 V battery located at the check 
point. This voltage (V^) was less than the battery voltage because of the 
cable resistance which was not constant but a function of ambient temperature. 
All unused contacts were connected in common to the ground side of the paral
lel combination of potentiometers and reference resistors. The Indicated 
potential (Vg) of this point In the system was above battery ground by an 
amount related to the resistance of the cable. Assuming an infinite Impedance 
for the multimeter, the ratio of wiper contact potential to applied voltage, 
corrected for temperature and cable resistance, is given by: 

R v\ 
a g 

where V^ is the indicated wiper potential for a given potentiometer. 

Data acquisition was not continuous, and each point on the displacement 
vs.. time record represents a single Interrogation result. The frequency of 



FIGURE 2 Remote I n t e r r o g a t i o n System 
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visits to the check point was a function of rate of movement Inferred by 
connecting a straight line between consecutive readings. The field data show 
that readings were made from the check point with a precision of about ±2 ram 
(0.08 in). 

RADIO TELEMETRY 

The telemetry system established at the Rudd Canyon site consisted of two 
basic components: a multiplexer and radio transmitter. The multiplexer was 
designed and constructed especially for this application by the Earth Science 
Laboratory, University of Utah Research Institute. The multiplexer consisted 
of a sequencer, A to D converter, modulator, and ancillary circuitry for 
signal amplification and data serialization. The sequencer served to excite 
each measuring device and connect the return signal to an analog to digital 
converter. The digital data were then serialized and presented to a modulator 
where the value of each data bit was converted to a high or low frequency. 
The data string was then broadcast continuously by a field translmltter. 

The horizontal distance from the Rudd Canyon site to the Davis County 
Sheriff's Office is approximately 1.6 Km (1 mi). Given this distance and the 
rugged terrain, economy and reliability favored selection of radio communi
cation over other alternatives. The high relief of the mountain front, how
ever, prevented a direct line of sight to Farmington, and to overcome this 
difficulty, a repeater was established at the Lagoon Stadium 3 Km (1.9 mi) 
westward from the field transmitter. 



The base station employed a 145 mw Motorola transmitter and a directional 
antenna. A Bearcat 250 Scanning Radio was used to receive the signal at the 
repeater, and the signal was rebroadcast by a transmitter Identical to the 
base station but operating at 11.55 MHz lower in frequency. This signal was, 
in turn, received by a second scanner at the Sheriff's Office. 

The multiplexer and base station transmitter were powered by five, 1100 
ampere-hour, Carbonaire batteries. The current drain was approximately 80 ma, 
providing an estimated life of 13.750 hours or 573 days. The repeater oper
ated on 12 VDC provided by a 110 VAC power supply with a battery backup. 

Figure 3 illustrates the basic components of the telemetry system in
cluding the "real-time" monitoring capability provided by the C64 computer 
incorporated in the system. The signal received from the Lagoon repeater was 
demodulated and processed by the computer. Processing included comparing the 
status of each instrument to an upper and lower limit. If the reading was 
above the upper limit or below the lower limit, an audible alarm was activated 
and the offending device was Identified by a reverse video Image. The dis
patchers on duty responded to the alarm by immediately notifying emergency 
personnel and contacting designated individuals at the Utah Geological and 
Mineral Survey and/or the University of Utah. 

The video display consisted of a listing of 12 channels representing the 
11 transducers and a system checking device. This display included the chan
nel designation, lower limit, upper limit, and current value. In addition, 
the temperature, precipitation, battery voltage, battery current, reference 
voltage, Julian date and time were displayed below the channel tabulation. 

FIGURE 3 Rudd Canyon Monitoring System 
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New values for all parameters were updated 3 times per minute, and a 
sample of all values was printed every 10 minutes. Individual readings were 
accumulated In the memory, and average values printed every hour. The 
averages were also stored and automatically transferred over telephone lines 
to a POP 11/34A computer located at the University of Utah. The hard copy 
provided the only record fdr 10 minute intervals and established a backup for 
hourly averages in the event of power outages and consequent loss of memory. 
Power failures were infrequent and did not substantially Interfere with system 
operation. 

The PDP 11/34A stored the hourly averages in a two-dimensional array 
defined by device number and time. Auxilliary s6ftware permitted review and 
plotting (video image or hard copy) of any desired device for any desired 
window in time. This capability permitted ongoing analysis of trends and 
resetting of limit values to prevent triggering of alarms due to predictable, 
cumulative trends. Initial thresholds were set at approximately t5° for the 
inclinoneters and approximately il.O cm (0.4 in) for extensometers. Diurnal 
variation in readings appeared to be well within 0.5% of the indicated value. 

FIELD SITES 

The following paragraphs w i l l describe each of three sites selected for 
instrumentation and resulting data acquired during the 1984 winter-spring 
t rans i t i on . The three sites Include the Weber Bench in South Ogden, Reynolds 
Gulch located in Big Cottonwood Canyon east of Salt Lake City, and Rudd Canyon 
east of Farmington, 

WEBER BENCH - SITE DESCRIPTION 

The unstable area is located on a north-facing terrace above the Weber 
River, The material is of late Quaternary age and consists of lacustrine 
s i l t s and fine sands with l i t t l e clay. Aerial photographs and f ie ld inspec
t ion disclose a well-defined headwall scarp and Indist inct toe. The current 
sl ide is approximately 490 m (1600 f t ) wide by 180 m (600 f t ) long and is 
situated in elevation between 1340 m (4400 f t ) and 1390 m (4560 f t ) . 

Two extensometers were positioned 67 m (220 f t ) apart near the north
western extremity of the headwall. One instrument was located across the 
headwall scarp where the fracture passed through the crawl space under a 
house. The other was located on the same tension fracture, outside and to the 
east of the home. The insta l lat ion provided an excellent opportunity to 
compare the readings from an extensometer located in a protected, nearly 
constant temperature environment with one exposed to the elements. 

WEBER BENCH - FIELD DATA 

Figure 4 represents a summary of individual readings taken between Febru
ary 17 and June 9. As can be seen, temperatures basically remained below 
freezing unt i l about .March 6. Warmer temperatures began melting the snow 
cover, and by March 24, nearly a l l traces of snow had disappeared. The 
displacement history for the outside extensaneter shows a slight downward 



trend (contraction) for this same period which is probably due to reduction of 
the snow load on the extensometer. This trend is interupted by a distinct i n 
f lect ion in the curve, indicating reactivation of the dormant sl ide, which 
occurred on March 24. By April 1, homeowners situated in the toe area began 
to notice widening of fractures in pavement and foundations. The continuing 
upward trend of the curve indicates a more or less uniform rate of movement 
unt i l about April 13, at which time there is a noticeable decline In the rate 

FIGURE 4 Meteorologic and Extensometer Data for the Weber Bench Site 
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continuing through May 1. This apparent reduction is due to development of a 
sympathetic headwall fracture and subsequent displacement of the uphill an
chor. The extensometer was repositioned on May 14, and the dotted line of the 
graph connects coincident points on the displacement history curve. 

The inside extensometer was nbt Installed until April 13. Its curve, 
however, is notably more regular than the one developed by the outside exten
someter. The smooth appearance is due to the fact that the transducers used 
for the inside device are approximately ten-times more sensitive than those 
used for the outside device. The Irregularities in the outside curve, for the 
most part, reflect the t2m^ (0.08 in) repeatability for the device. 

The precipitation history is cumulative from the beginning of the water 
year. It is presented here to allow the reader to infer approximately how 
much water was contained in the snow pack. The onset of fracture separation, 
recorded on March 24, is apparently the result of rapid melting of the snow 
cover which probably contained less than 33 cm (13 in) equivalent water. In 
addition, the record shows that a substantial amount of rain which began to 
fall at the end of May [6.9 cm (2.73 in) from May 30 to June 8] is not re
flected in the displacement history. The precipitation estimates are based on 
data accumulated at the Hill Field Weather Station and may not precisely rep
resent this specific site due to local relief and canyon effects. 

Slide activity is characterized by a period of little or no movement 
(dormant), followed by a period of increasing displacement, up to about 4 mm 
(0.16 in) per day, and then a return to the dormant state. No debris flow or 
rapid slope failure occurred at this site, nor was any expected. 

REYNOLDS GULCH - SITE DESCRIPTION 

Reynolds Gulch is a north-trending tributary of Big Cottonwood Creek and 
is situated approximately 14.5 Km (9 ml) from the mouth of the canyon. It was 
the site of an earlier debris flow which occurred in June 1983. The source 
area for this event is located on a west-facing mountain slope (slopes range 
from 26* - 30°) just below the 2438 m (8000 ft) elevation. The disturbed area 
consists of two superimposed slide zones with detached masses near the toe and 
above the 1983 headwall (Figure 5). Material covering the slope includes a 
well-developed organic soil and at least 3 m (10 ft) of rocky colluvium. The 
fine fraction of the colluvium is plastic and very slippery when wet. Collu
vium is derived from Mississippian formations, but no bedrock outcrops were 
observed in the area, and the depth of cover is uncertain. Numerous springs 
and seeps are located along the northern margin and drain ground of higher 
topographic relief to the northeast. 

Relative locations for the five extensometers established in the slide 
area are shown on Figure 5. Devices indicated as E2 and E5 were placed across 
the north lateral scarp of the slide to detect potential reactivation of de
bris remaining in the disturbed zone. E4 was located across a fracture bound
ing a detached block on the south side near the headwall, and El and E2 were 
placed across fractures well above the headwall but in the path of potential 
uphill progression of the zone of evacuation. 
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FIGURE 5 Reynolds Gulch Landslide Area, Big Cottonwood Canyon 
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REYNOLDS GULCH - FIELD DATA 

The extensometer sites were established on November 17, 1983 and prelim
inary readings were made on this date and on November 30. Heavy storms pre
vented access to the site until January 7, 1984. Readings on this date dis
closed an apparent extension of 70 irni (2.76 in) on E5 with little or no move
ment at the remaining installations. On January 21, the site was visited and 
the snow removed from E5. Inspection disclosed excessive bending of the ex
tensometer tube. Damage was attributed to snow creep and the fact that this 
extensometer was positioned at an oblique angle to the down-slope vector. All 
other devices were located nearly parallel to this vector and, therefore, were 
not subjected to transverse loading. In order to ihsure proper functioning of 
the extensometers, a short length of structural tubing was bolted to the ex
isting tube to form a composite beam with greater depth. In addition, snow 
was periodically removed to limit the load supported by the span. This proce
dure was employed for all extensometers except E4. This site was left undis
turbed so that the full effect of snow loading could be assessed. 

Figure 6 summarizes climatic and deformation history during the winter-
spring transition. As can be seen the temperatures were predominantly below 
freezing up until about May 9. (Temperatures shown on this figure are those 
for the Brighton Station.) Subsequent to this date the tenperatures were 
essentially above freezing. Between May 10 and May 20, rapid melting of the 
snow pack occurred as Indicated by the snow surveys conducted on site for 
these dates. Anomalous rates of movement at both El and E3 were detected 
subsequent to May 12. No significant movement was indicated by either E2, E4 
or E5. Interrogation of E3 disclosed a progressive increase in the rate of 
deformation beginning at 0,7 mm/hr (0.03 in/hr) on May 13, up to a maximum of 
7.2 mm/hr (0.28 in/hr) recorded on May 20. Fractures in the snow were ob
served from the air on May 16, confirming reactivation of the slide. Interro
gation of El, however, disclosed a decreasing rate beginning on May 16, and 
continuing to May 20. On this date the rate of movement was negative indi
cating contraction of the extensometer which suggested that the uphill anchor 
for El was no longer stationary. On May 23, E3 was repositioned to provide 
additional range, and at the same time, conditions at El were Investigated, 
Inspection disclosed that the fracture at E3 had extended northward isolating 
a block of ground which Included both anchors for El, Upon leaving the area 
at 7:30 a,m,, masses of earth and vegetation measuring several cubic meters in 
volume were observed sliding down the southern flank of the upper slide. This 
event was the initiation of a small debris flow, the runout of which was 
largely confined to the preexisting landslide scar. 

The deformation history disclosed by Figure 6 is very similar to that 
shown in Figure 4, Prior to melting of the snow pack, little or no fissure 
separation is indicated. Onset of movement lagged significant reduction In 
the snow pack by at least two days. Abrupt cessation of movement followed the 
debris flow also by about two days. The period of active fissure separation 
spanned approximately 13 days from May 12 to May 25. No further separation 
was measured at E3 even though significant precipitation occurred during the 
first part of June [10.7 cm (4.2 in) from May 30 to June 6]. 
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FIGURE 6 Meteorologic and Extensometer Data for Reynolds Gulch 
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RUDD CANYON - SITE DESCRIPTION 

Rudd Canyon is located immediately east of the community of Farmington 
and e;(tends eastward into the Wasatch Range, The sburce area responsible for 
the 1983 debris flow is located at a proninent inflection in the main drainage 
of the canyon where a wedge of unconsolidated material, likely an ancient 
landslide mass, is situated (perched) at an elevation of about 2110 m (6925 
ft) (Kaliser, 1983), The upper surface of the wedge dips as little as 5" to 
7° to the west while undisturbed slopes in the source area typically range 
from 27° to 38°, The unconsolidated wedge consists of permeable, granular 
soils derived from the metamorphic rocks of the Farmington complex. These 
soils present ideal conditions for infiltration of melting snow and develop
ment of high piezometric pressures. 

As shown on Figure 7, a series of incipient slumps are located above and 
to the north of the headwall and extend westward along the northem boundary 
of the scar, A less conspicuous, continuous tension fracture extends from the 
headwall area northwestward in a circular arc terminating above an area of 
natural seeps and flowing springs. This fracture defines the slump block 
which contains at least 6100 m^ (8,000 yd^) (Vandre, 1983) and perhaps 
significantly more (Wieczorek et al,, 1983). 

A topographic depression exists in a nearly straight line between the 
sites marked E3 and T3. Precipitation falling on the slopes above E3 and on 
or above the slump block flows to this drainage, either on the surface or 
underground, and feeds the perennial springs in the vicinity of T3, Tl and T2 
located on Figure 7, Near-surface springs were observed (May 12, 1984) dis
charging directly into headwall fractures located at the apex of the drain
age. Similar conditions were also observed in the spring of 1983 (Machette, 
1983) and will probably reoccur in the future. 

On November 16, 1983, Installation of eight earth movement detection 
devices was begun and completed on November 19. Three extensometers (desig
nated El through E3) and two inclinometers (designated T4 and T5) were placed 
in the upper area of the scarp. T4 and T5 were burled at a depth of approx
imately 30 cm (12 in) immediately behind the headwall. These devices were 
positioned to detect potential uphill progression of the 1983 scarp. E3 was 
positioned across a fissure defining the most prominent Incipient slump along 
the north boundary of the landslide scar. Two extensometers. El and E2, were 
placed across the fracture defining the northern boundary of the slump block. 

The remaining instruments were positioned near the bottom of the scar. 
One inclinometer, designated as T3, was buried In the ground above active 
springs on the north side of the canyon. The second, indicated as Tl, was 
placed on the surface below the springs and approximately 0,6 m (2 ft) above 
the stream channel. The third. Indicated as T2, was also placed on the sur
face approximately 1,8 m (6 ft) above the stream channel and about 40 m (130 
ft) downstream from T2, Both Tl and T2 were intentionally placed in the 
channel so they would be swept away in the event of a debris flow. 
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FIGURE 7 JjJ^^^;>Jg"^^l-^«"dsn^^^^ Area, Farmington, Utah (1983 Slide Boundaries 
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RUDD CANYON - FIELD DATA 

Figure 8 summarizes data telemetered from the base station located at the 
helipad and subsequently plotted by the POP 11/34A at the University of Utah. 
As Indicated, temperatures remained near or below freezing until Julian date 
129 (May 8) which marks the beginning of a significant warming trend. Visual 
estimates Indicated that south-facing slopes were nearly clear of snow by May 
12, and most of the snow located at the helipad and bench area melted between 
May 4 and May 16. The water equivalent in the snow at the helipad was meas
ured at 66.3 cm (26.1 in) on April 18. 

At 10:33 p.m., on May 15 (Julian date 136), Davis County dispatch re
ported an alarm originating from E3. Printed data indicated a cumultive down-
slope movement of 7 mm (0,28 In) between 4:00 p,m,. May 15 and the time of the 
alarm. By 1:00 a,m,. May 16, the displacement was 11 nm (0,43 in) and by 5:47 
a.m,, it was 19 mn (0,75 in). From May 16 to May 18, the rate of separation 
at E3 averaged 1,5 mm/hr (0,06 in/hr) and Increased to 2,0 mm/hr (0,08 in/hr) 
for period May 19 to May 21, Thereafter, the rate began to decline. 

At 12:16 p,m.. May 23, Farmington dispatch received alarms from Tl and 
T3, Radio contact was made with a nearby Forest Service helicopter and a 
request was made to inspect the area. The helicopter arrived in time for 
personnel to confirm a debris flow issuing from the spring area at the lower 
limit of the slide area. The initial flow from the slide area was described 
as very small, but the volume of the flow increased substantially as debris 
continued down the canyon. 

Immediately following the alarms, two Farmington City personnel were 
dispatched. One individual reported to the aqueduct road and the other to the 
debris basin below the road. The debris flow was first sighted from the 
road. At the debris basin, clear water was observed, and then for a period of 
about 30 seconds, a cessation of all flow occurred. Following this event, a 2 
m (6 to 8 ft) wall of debris was observed followed 2 to 3 minutes later by a 
3.5 m (10 to 12 ft) wave of coarser material. According to the Davis County 
Sheriff's log, 6 minutes elapsed from the time of the alarms to sighting of 
the debris flow from the aqueduct road. An additional 6 minutes elapsed from 
sighting at the road to a report of debris in the basin. Duration of surging 
was for a period of approximately 1 hour, A new surge was sighted from the 
aqueduct road at 3:30 p,m,; at 3:36 p,m, an alarm was received from T2, There 
was a decrease In water flow at 4:04 p.m, followed inmediately by a debris 
flow surge 4.6 m (15 ft) high. By 4:12 p.m. only muddy water was flowing. 

Evaluation of printed data confirms that the alarm thresholds for Tl and 
T3 were exceeded In the printout Interval 12:16 p.m. to 12:26 p.m. The record 
clearly shows that Tl was disturbed first followed by progressive failure of 
the bank above the springs in which 13 was burled. This failure process con
tinued at least 30 minutes before the bank collapsed. Printed data also con
firm an alarm from 12 for the Interval 3:36 p.m. to 3:46 p.m. 

Field inspection on May 24, disclosed continued movement in the vicinity 
of extensometer E3, but no visual indication of movement was evident at the 
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FIGURE 8 Meteorologic and Extensometer Data for Rudd Canyon 
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FIGURE 9 Comparison of Extensometer Readings for the Rudd Canyon Site 
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remaining installations near the top of the slide. Inspection of the lower 
area confirmed the sequence of events as reported above. The inclinometer Tl 
was located very near the stream immediately below the spring Issuing from the 
colluvium. In this position it was the first to encounter a discharge of 
debris from the springs. T3 was located approximately 8 m (26 ft) behind the 
crest of the steep slope above the springs and responded to subsequent failure 
of the bank. Apparently, the successive flows were not high enough to reach 
T2 until the 3:36 p.m. episode. T2 was removed abruptly as indicated by the 
position of the connecting electrical cable. 

It is significant to note that rainfall of 3.8 cm (1.5 in) in a 9-hour 
period, as recorded in the telemetry data, had no noticeable effect on fissure 
separation or slide reactivation. 

Field estimates indicated that 460 m^ (600 yds^) of earth were removed 
from the north slump block in the vicinity of T3. The vobime of material 
deposited in the basin as of May 24 was approximately 9150 m^ (12,000 yds^). 
These figures indicate that 95% of the debris originated from the stream chan
nel where it had been accumulating over the preceeding 12 mounths (Kaliser and 
McCarter, 1984). 

Telemetry data disclose no movement at either T4 or T5. Data from El and 
E2, however, show a response similar to E3 but much less pronounced (see Fig
ure 9). All three curves disclose a displacement rate transition beginning 
about May 15. The prominence of the transition appears to be a function of 
distance to the drainage feature previously identified. As indicated, E3 is 
located near the apex and within this feature, and it displays the most 
prominent transition. Abatement of motion at El and E2 is not obvious until 
about June 1, The trend towards improving stability at E3, however, is well 
developed prior to this date. These observations suggest that the time re
quired for recovery Is, in part, related to the volume of the affected mass, 

CONCLUSIONS 

The objectives of this project were to explore the usefulness of surface 
deformation measurements in identifying precursory events leading to gross 
slope failure, to develop Instruments capable of surviving the severe climatic 
environment present in mountainous terrain, and to determine if such instru
ments can be maintained during the winter-spring transition. 

Reactivation of surface extensional fractures Is undoubtedly related to a 
decrease in effective soil strength precipitated by rapid infiltration of snow 
melt. If the reduction in effective strength is related to a rising phreatic 
surface, as it appears to be, installation of piezometers may be a more direct 
method for detecting deteriorating conditions. Strategic placement of these 
instruments, however, is not obvious. Observations regarding discharge points 
relative to debris slides, spring fluctuations, soil stratigraphy, and slide 
morphology made during this study clearly indicate complexities in groundwater 
distribution that will not be easily comprehended, particularly over any ap
preciable areal extent. A comprehensive program to identify typical ground
water regimes associated with debris flow source areas would facilitate devel-

19 



opment of the best strategy for deployment of piezometers. In the meantime, 
monitoring surface deformation appears to be a viable technique for defining 
the critical period in which debris flows are most likely to occur. Data from 
two of the three sites indicate that the beginning of the critical period Is 
defined by the transition from little or no, movement to active displacement 
across extensional fractures. Once displacement returns to the pre-transition 
rate, danger of a debris flow is apparently over for the season. 

The Rudd extensometer developed for this study operates satisfactorily as 
long as the span is limited to 12 feet, the trend of the extensometer paral
lels the downslope vector, and the compacted snow cover does not exceed 4 feet 
at 43% density. Maintenance is possible but difficult in remote mountaineous 
terrain and is warranted only where monitoring information is needed for sci
entific purposes or where it is essential to provide added protection for 
down-slope communities. 
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Abstract. A unique telnetry system M S «R-
veloped to Monitor potentially unstable natural 
slopes above a residential area. Continuous 
Interpretation of data transnltted frotn remote 
novenent-sensltlve devices and lonedlate coanu-
nlcatlon of signflcant changes to emergency 
personnel Mere made possible by a readily avai l
able 'home* computer. Even though the computer 
based system was originally developed for a non^ 
mining application. I t could be used with l i t t l e 
or no modification to monitor ground control 
Instrumentation In open pit and underground 
situations. 

Introduction 

Unusual climatic events beginning In 1982 and 
continuing through the spring of 1983 were re
sponsible for the worst statewide disaster In 
Utah's history. In the nountains east of Salt 
Lake, seasonal snowfall through May 19, 1983. 
was recorded at 20.45 n (805 In), well above the 
average of 12.12 m (477 In). Temperatures rose 
abruptly In Nay, sending torrents of water down 
the canyons and Into the population centers 
along the Wasatch Front. Resulting floods, dam 
fa i lures, landslides, and debris flows Impacted 
major vehicular roads, rail routes, u t i l i t i e s , 
agricultural lands, and homes. Damage to these 
fac i l i t i es amounted to mtr $478 million and 
prompted President Reagan to Issue a major 
disaster declaration covering 22 of the 29 coun
t ies In the state (CEN, 1984). 

Landslides were numerous and of diverse 
types. Including debris flows. A debris flow Is 
a f lu id mass composed of vegetation, gravel, 
s i l t , clay, and water, with a consistency of wet 
concrete. They frequently begin as shallow 
landslides on steep mountain slopes and travel 
quickly (1-3 m/sec) (Pierson, 1984) down the 
stream beds to the valley bench lands below. 
They occur with l i t t l e apparent warning and can 
be very destructive! 

The ci ty of Farmington, located approximately 
32 kn (20 nl) north of Salt Lake City, was Inun-
dated by a 1983 Memorial Day debris flow. Cool 
temperatures produced a one-month delay In melt
ing of the snow pack on the mountain slopes Im
mediately above the cosmunlty. Late In Hay, the 
equivalent water content of the snow pack was 
131.6 OB (51.8 In) , 400S of normal for this time 
of year. During the period Nay 21 to Nay 30, 
peak daytime temperatures soared to an average 
of 84°F, sending a virtual river of mud and 
boulders down the steep (41t), nearly straight 
Rudd Canyon directly Into the northern subdivi
sions of Farmington. The f i rst surge destroyed 
five homes and severely damaged 13 others 
(Kaliser, 1983; CEN, 1984). Subsequent surges 
caused damage to an additional 17 homes and de
posited 69.000 w? (90,000 yd'') of debris over 
78,000 m' (19.3 acres) (Jeppson, 1984). Fortu
nately, no loss of l i fe occurred. 

The disastrous events of spring 1983 le f t 
l i t t l e doubt that similar episodes would occur 
in the future. Erosion, development of deep 
fissures, and soil deformation surrounding the 
1983 landslide sites set the stage for renewed 
act iv i ty In 1984. In addition, unusually high 
precipitation for the sunner and fa l l months of 
1983 indicated that the wet cycle was not over. 

In order to help mitigate the consequences of 
future slides in this area, a debris basin was 

constructed at the mouth of Rudd Canyon and a 
system was developed to provide continuous nonl-
toring of a potentially unstable area on the 
mountain slope above F«ra1ngton. The balance of 
th is paper is devoted to a description of the 
monitoring system and its perfomanoe during the 
1984 flood season. 

Project Description 

Project tasks included: designing and con
structing suitable devices to detect soil defor-
mation, install ing the devices at a reaote s i te , 
developing a suitable telemetry system and 
establishing a real-time monitoring technique 
capable of detecting rapidly changing events. 
The following paragraphs briefly describe the 
transducers used to detect slope movement and 
deployment strategy. A more detailed descrip
t ion is provided concerning the multiplexer, 
especially designed for this project, and the 
computer system and software which made real
time monitoring possible. 

Field Instrunentatloa 

Monitoring relative movement across surface 
fractures and anticipated zones of rupture has 
proven useful in mitigating adverse impacts of 
landslides (Kennedy, et a l . , 1969; NcCarter, 
1976; Larocque, 1977; Campbell end Shaw, 1979). 
Numerous innovative techniques and devices have 
been developed and sorae equipment Is cocnnercial
ly available. However, at the beginning of this 
project no devices were available which could 
survive the heavy snow loads of an alpine winter 
and subsequently detect surface soil deformation 
during the cr i t ical winter-spring transit ion. 
For this reason, considerable effort was expend
ed In the design and construction of a suitable 
extensometer (McCarter and Kaliser, 1983). This 
device consists of a 3.7 m (12 f t ) length of 
rectahgular steel tubing, an enclosed rod, and a 
mechanical linkage connecting the rod to a pre
cision potentiometer. One end of the extensom
eter is attached to the relatively stable side 
of a fracture, and the enclosed rod Is attached 
to the unstable side. As movement across the 
fracture occurs, the rod is extended, resulting 
in a change in electrical resistance of the 
potentiometer proportional to the magnitude of 
separation. The extensometer design also 
includes a pendulum potentiometer which allows 
measurement of the inclination of the extensom
eter and calculation of horizontal and vertical 
components of movement for the downhill anchor 
relative to the uphill anchor. 

In addition to extensometers, commercially 
available Inclinometers were used to detect 
gross movement. Some were burled at shallow 
depth to detect progressive development of slide 
boundaries while others were mounted on the sur
face in the path of potential slide ^ b r i s . The 
surface-mounted devices were intentionally 
placed where they would be destroyed or dis
rupted in the event of a debris flow. 

Field Site 

The zone of Init iat ion for the 1983 debris 
flow is located in the drainage channel of Rudd 
Canyon at an elevation of about 2110 m (6925 
f t ) . This site is approximately 2440 m (8000 



f t ) east end 600 m (2000 f t ) higher in elevat ion 
r e l a t i v e to the conwunity of Farmington. The 
slope in th i s zone consists of colluvium derived 
from metamorphic rocks of Pre-Cambrian age cov
ered by a well-developed organic s o i l . Clay 
minerals derived from weathered indigenous rock 
are loca l l y abundant. 

The zone of depletion and associated detached 
masses are shown In Figure 1 . Several inc ip ient 
slumps are located north of the main headwall 
and extend downward along the northem flank of 
the excavated zone. An extensional f racture 
begins In the zone of inc ip ient slumps and t e r 
minates In the springs area near the bottom of 
the s l i d e . This feature defines the arc-shaped 
boundary of the slump block. This detached mass 
contains at least 6100 m (6,000 yd^J and per
haps as much as 76,500 m^ (100,000 yd^) , depend
ing on the assumed depth. Concern over poten
t i a l i n s t a b i l i t y of th is block provided the 
primary motivation for the monitoring e f f o r t . 

I ns ta l l a t i on of three extensometers and f ive 
inclinometers began on November 16, and a l l 
devices were deployed wi th exception of the 
telemetry system by November 19. The three 
extensometers (designated as El through E3) were 
established along the extreme uph i l l boundary of 
the disturbed zone. Two inclinometers (desig
nated as T4 and T5) were posit ioned Inmediately 
behind the headwall scarp to detect potent ia l 
u p h i l l progression of the excavated area. 
Inclinometer T3 was positioned immediately above 
the northern boundary to detect potent ia l c o l 
lapse of the escarpment in the springs area. 
A l l inclinometers were buried approximately 0.3 
m (1 f t ) below ground level with exception of Tl 
and T2. These instruments were mounted on the 
surface where they would be swept away In the 
event of a debris flow Issuing from the springs 
area or other locat ion higher in the disturbed 
zone. Signal cables were routed from each 
device to the helipad where the mul t ip lexer , 
radio t ransmit ter , and meteorological equipment 
were insta l led in Apr i l 1984. 

S y s t ^ Components 

Figure 2 Is a schematic diagram i l l u s t r a t i n g 
the components of the telemetry system. As 
shown, the signal from each remote sensor, 
meteorological device, or system monitor was 
processed by a miUlp lexer and transmit ted by a 
145 mw radio to a repeater located approximately 
3 km (1.9 mi) westward frooi the f i e l d t rans
m i t t e r . The signal was then retransmitted to 
the Sher i f f ' s Office located in Farmington. The 
receiver system at the Sher i f f ' s Off ice incorpo
rated a modem which Interpreted the j i gna l and 
presented the data to a Comnodore 64 computer 
located In the radio dispatch room of the 
She r i f f ' s Of f ice. The coraputer was prograramed 
t o compare the signal received from each device 
w i th upper and lower threshold l i m i t s . I f any 
reading f e l l outside acceptable l i m i t s , audible 
and visual alarms were generated by the 
computer. The dispatchers on duty were I n 
st ructed to respond to alarms by immediately 
no t i f y ing emergency personnel. The computer 
also served to store incoming data and p e r i o d l -

Iden t i f i ca t ion of brand names in t h i s paper 
does not Imply endorsement by the Universi ty of 
Utah or the authors. 

ca l ly record the values on a dedicated pr inter 
and automatically transfer values via telephone 
l ines to a larger computer at the University of 
Utah. The following paragraphs provide greater 
detai l concerning the system components and 
software developed for t h i s process. 

MiUlplexer Design 

Comnercial devices are available for ac
quir ing and transmit t ing data by radio communi
cation l i nks . This par t icu lar appl icat ion, how
ever, required c i r cu i t r y which could col lect 
data on a continuous basis, present the data in 
a format suitable for radio transmission and 
computer in terpreta t ion, and operate on l imi ted 
battery power for extended periods of time (up 
to 18 months). In add i t ion , a mult iplexer was 
needed which could accommodate long signal 
cables (500 to 1000 f t ) , operate in an environ
ment where e lect r ica l storms are common, and 
provide an exci tat ion signal which would i nh ib i t 
corrosion at e lect r ica l junct ions. An operating 
device with a l l these capab i l i t ies was required 
wi th in a very short period of time and on a l im 
i ted budget. The University of Utah Research 
Ins t i tu te accepted the challenge and met a l l 
requirements by designing and constructing the 
c i r cu i t shown in Figure 3. ' 

The diagram shows 2 of a possible 16 remote 
sensors which are energized by 437 Hz a l t e r 
nating current. The al ternat ing current and 
transformer iso la t ion are used to reduce d i rec t -
current, corrosion e f fec ts , and l im i t damage 
from nearby l ightning s t r i kes . A synchronous 
r e c t i f i e r incorporated in the mult iplexer con
verts the signal from the output transformer of 
each remote sensor to a corresponding di rect 
current value for further processing. Al l near
by devices, including the rain gage, temperature 
probe, and system status ind icators , are m u l t i 
plexed d i rec t ly to the analog- to-d ig i ta l (A-to-
D) converter. 

The counter-sequencer serves to sequential ly 
act ivate and present the analog output of each 
sensor to the A-to-0 converter. After each con
version, an end-of-conversion signal from the A-
to-D chip automatically increments the counter 
sequencer, thus selecting the next sensor. The 
converter changes the analog signal to an equiv
alent 12-bit d ig i ta l representation. The para l 
l e l data generated by the A-to-D converter Is 
presented to a universal asynchronous receiver/ 
transmitter (UART). The UART and A-to-D conver
ter are matched units with automatic handshaking 
control l ines to f i r s t send the eight least s i g 
n i f i cant b i t s , then the remaining four most s i g 
n i f i cant b i t s . After each conversion by the A-
to-D. the UART transmits the 12 b i ts s e r i a l l y 
to the modulator-demodulator (modem). This de
vice converts the presence or absence of a b i t 
to a low or high tone suitable for radio t rans
mission. A cycle through a l l sensors Is com
pleted three times per minute on a continuous 
basis. 

A l l c i r cu i t r y and the radio transmitter were 
housed In two e lec t r ica l boxes and sealed in a 
buried drum along with f i ve 1100 ampere-hour 
Carbonaire bat ter ies. These batteries provided 
the 80 ma at approximately 14.5 vol ts necessary 
to power the multiplexer and radio t ransmi t ter . 
The burled enclosure protected the c i r c u i t r y and 
batter ies from temperature extremes. 



Dedicated Computer ^ystea 

One unique aspect of th is project involves 
the select ion of a readily avai lable computer to 
process vast amounts of data and provide cont in
uous evaluation of the status of several moni
to r ing devices. The selection of a "home" 
computer system for th is purpose incorporates 
low cost along with trenendous f l e x i b i l i t y . 

The home computer incorporates several fea
tures which makes i t Ideal ly suited for monitor
ing . I t has the capabi l i ty of generating sound 
and video Images especially useful in a t t rac t ing 
a t tent ion of the user, i t can control periph
eral devices such as a p r in te r , data cassette, 
disk d r i ve , or modem to record or transfer data. 
Host important ly, the home computer can be pro
grammed in BASIC, thus allowing mining and geo
technical engineers to develop processing algo
rithms tailor-made for speci f ic appl icat ions. 
Furthermore, these algorithns can be changed at 
w i l l . Once the sensors are established and the 
computer system is operat ional, the engineer i s 
free to change the way the system receives, 
processes, and displays data without redesigning 
e lect ronic c i r c u i t r y . This advantage Is pa r t i c 
u la r l y useful In geotechnical monitoring where 
complete and pract ical design of an Integrated 
system is usually not possible u n t i l some data 
Is actual ly recorded and evaluated. 

An addit ional advantage of the home computer 
In monitoring is that many people now have ac
cess t o , and regularly use such systems. This 
f a m i l i a r i t y greatly reduces the barr iers which 
previously existed in using nontechnical person
nel in the monitoring e f f o r t . With a l i t t l e 
o r i en ta t i on , dispatchers, security guards, hoist 
operators, e t c . , can provide a key role in n o t i 
fy ing appropriate personnel when a system de
tects s ign i f i can t changes in sensor status. The 
s k i l l of the engineer in developing user- f r iend
ly software, of course, has an Important bearing 
on overal l success. Properly wr i t ten software 
can produce a type of computer "game" with very 
p r a c t i c a l , and perhaps c r i t i c a l consequences. 

The home coraputer system selected for th is 
project consisted of a Commodore 64 computer, 
model BT120A1 Zenith video monitor, model BX-80 
BMC p r i n t e r , model C2N Commodore Oatassette, and 
a model 1650 Commodore Automodem. The monitor 
provided a means to v isual ly Inspect each data 
transmission and access various options I n 
corporated in the software. The pr in ter provid
ed a permanent, hard copy for data, and the 
Oatassette contained a tape with a backup copy 
of the system software. This copy was necessary 
to boot the system In the event of an Interrup
t i on in the power. The modem served to transfer 
stored averages to a larger computer system at 
the Universi ty of Utah. The to ta l cost of the 
dedicated computer system was under $1,000. 

A l l components were used without modification 
with exception of the computer. I t was neces
sary to sever the printed c i r c u i t traces to the 
B and C contacts of the user por t . Hires were 
then soldered d i rec t l y to the severed traces and 
terminated at a miniature audio plug ins ta l led 
on the computer housing. This modification 
allowed access to two Independent modems. The 
audio plug served as a port to continuously read 
data from the radio receiver, and the conven
t iona l user port allowed the C64 to per iodical ly 
wr i te processed data to a host computer. 

Data Processing Software 

The information displayed on the video 
monitor is presented In Figure 4. As can be 
seen, 12 channels are l i s ted representing the 
three extensometers, three inclinometers a t 
tached to the extensometers, and the f ive inde
pendent inclinometers. The remaining channel 
(#3). was connected to a 'duniny* sensor to pro
vide a system check. Four itens of Information 
are tabulated for each channel: the low H o l t , 
current value, high l i m i t , and alarm s ta tus. 
A l l data In the tabulat ion are Integers repre
senting the corresponding analog value in d i g i 
t a l form. Each Integer l i s ted under current 
value is mathematically related to the magnitude 
of sensor signals presented to the A-to-D con
ver ter . Since the converter outputs each signal 
In the form of a 12-b1t word, the Inljpger may 
assurae any value from 1 to 4096 (2*^ ) . The 
alarm status is ei ther "on" or "o f f " . In the 
"on" pos i t ion , any current value which f a l l s 
outside the acceptance band w i l l act ivate an 
audible alarm. In the "o f f " pos i t ion, no audi
ble alarm Is generated. The "of f " posi t ion is 
used to deactivate a given channel without a f 
fect ing the audible alarm capabi l i ty of the 
remaining channels. In addi t ion, p rec ip i ta t i on , 
teraperature, reference voltage, battery current , 
battery voltage, and Jul ian date and time are 
disiplayed below the tabu la t ion. A flowsheet for 
the software developed to process the data and 
generate th is display is shown in Figure 5. 

The flowsheet begins with a block immediately 
below "START" which generates a seven-part menu. 
Items on th is menu Include: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

RUN PROGRAM 
SET LOWER LIMITS 
SET UPPER LIMITS 
TURN OFF ALARM 
SET DATE 
SET TIHE 
TRANSFER DATA 

Pressing the corresponding nunber on the 
computer keyboard transfers control to the top 
of one of the seven branches shown on the f low
sheet. When completed, a l l options retum the 
user to the menu with exception of option 1 . 
This option runs continuously un t i l the program 
is stopped by pressing "RUN/STOP" on the key
board. To change thresholds, to t u m alarms 
o f f . to change the date and t i n e , or to manually 
t ransfer data, i t Is necessary to hal t the 
monitoring process and then restart the program. 

Before exercising option 1 , i t Is necessary 
to i n i t i a l i z e the date, t ime, and l i m i t values. 
For th is p ro jec t , the Jul ian date (cumulative 
days since the beginning of the year) was used 
to simpl i fy the date algori thm. Incrementing 
dates and res tar t ing the hour designation af ter 
24:00:00 were accomplished automatical ly. 
Unfortunately, commands involving the pr in ter 
and modem interrupted the Internal clock and 
caused a net loss in t ime. This problem was 
overcome by adding 6 minutes to the clock 
reading at midnight of each day. 

The l i m i t values are set by selecting 2 or 3 
from the menu l i s t . These options ask the user 
for the channel number and an Integer represent
ing the desired analog l i m i t . As shown on the 
flow diagram, the acceptable range for the lower 



U n i t i s 43 to 2800. I f the user's response to 
the menu prompt does not f a l l in t h i s range, the 
software asks for another l im i t value. Like
wise, I f the upper l im i t does not f a l l wi th in 
the Interval 43 to 3000, the prompt is repeated. 

Important values, such as date, upper and 
lower l i m i t s , hourly averages, alarm set t ings, 
e tc . are placed in the upper port ion of the 
computer's memory (addresses 49152 - 53247). 
This port1(») of memory is not cleared when pro
grams are s tar ted. Use of these addresses 
allows changes to be made in selected values 
without destroying the remaining set t ings. 

Once a l l i n i t i a l values have been speci f ied, 
the monitoring process is i n i t i a t e d by pressing 
the d i g i t ' T . Control is then shi f ted to the 
top of colum 1 on the flowsheet. The f i r s t 
t ime through th is branch, the value In address 
49284 Is zero; consequently, the pointers and 
accumulation variables are reset to i n i t i a l 
values. Execution of the program is then de
layed u n t i l a "break" character is received from 
the t ransmit ter indicat ing the star t of a data 
se t . The computer then reads 43 bytes of i n f o r 
mation and checks to see i f bytes 32 and 33 are 
equal . I f not , a transmission error has oc
cur red, and the program waits for the next data 
set before proceeding. I f the two check bytes 
are equal , the computer is Instructed to save 
the l as t 38 bytes in upper memory. A sequence 
of commands is then executed which updates the 
video screen with the current values of a l l 
measured parameters along with the threshold 
se t t i ngs . This update Is accomplished three 
times per minute. 

I f any of the current values for the sensors 
f a l l outside of the acceptance band, the sensor 
value Is pr inted in reverse video. In add i t ion , 
the current value is combined with previous 
values received. I f the t i ne In minutes Is 
d i v i s i b l e by 10 ( i . e . , every 10 minutes), a l l 
current sensor values are pr in ted. I f the data 
set Is the f i r s t one received on any given hour, 
the computer pr in ts the preceding hour's average 
for each sensor, saves these averages in upper 
memory, and resets a l l of the accumulation 
variables to accept values for the next hour. 

As previously indicated, a sensor value which 
f a l l s outside of the acceptance band generates a 
v isual alarm in the form of a reverse video 
image. This alarm is not l i k e l y to a t t rac t 
a t t e n t i o n , so the f ina l process in column 1 is 
to generate an audible alarm, but only I f the 
acceptance band is violated in two consecutive 
passes. Should th is condition occur, not only 
w i l l the audible alarm be generated, but a mes
sage w i l l be printed giving the channel number, 
sensor value, and time of the alarm. F ina l l y , 
the computer looks at i t s internal clock, and i f 
the current time is 5:00 a.m. (or other speci
f i ed time) the control is automatically routed 
t o column 7 for data t ransfer . Once the t rans
fer i s completed, the system waits for the next 
break in the data stream before beginning the 
process over again. 

Column 7 out l ines the process of t ransfer r ing 
the saved hourly sensor averages over a Conner-
c i a l telephone l ine to a POP 11/34A located at 
the Hinlng Engineering Department of the 
Universi ty of Utah. As mentioned, t ransfer of 
contro l to th is column of the flowsheet is auto
mat ic , but i t can also be i n i t i a t e d manually. 
F i r s t , the computer halts the data co l lec t ion 

sequence I f i t has automatically altered the 
transfer node. Next, I t d ia ls a preprogranned 
telephone number and waits for an answer. I f 
the computer f a i l s to connect to the host, one 
of two al ternat ives occurs. I f the computer has 
automatically entered the t ransfer mode, i t con
t inues, monitoring data. I f the transfer was 
In i t i a ted through the menu, control is returned 
to the menu. I f the l ink succeeds, the C64 
transfers a l l stored data, resets the variables 
which indicate the number of data points to 
t ransfer , and retums ei ther to posit ion "A" or 
"B* on the upper port ion of the flowsheet. 

The C64 and th i s version of software have the 
capabi l i ty of stor ing about 100 hours of i n fo r 
mation. I f t ransfer Is not made with in th i s 
100-hour window, the pointers w i l l be reset, and 
a l l stored data w i l l be l o s t . 

Data Evaluation 

The C64 provided the means for continuously 
monitoring the status of each sensor re la t ive to 
established l i m i t s . I n i t i a l selection of these 
l im i t s was somewhat a rb i t ra ry , but development 
of a data base over a period of a few days per
mits refinement as suggested In the lower r ight 
hand corner of Figure 2. This portion of the 
f igure shows a closed loop involving the C64, 
the PDP 11/34A, and "DATA ANALYSIS", and i l l u s -
t ra tes the Interact ive capabi l i ty of adjusting 
systen parameters based an trends in the data. 

The function of the POP 11/34A was to store 
hourly averages In a two-dimensional array 
defined by device nund>er and t ime. Auxi l iary 
software permitted review and p lo t t ing of t h i s 
data for any.desired device for any desired 
period of t ime. 

An example of how th is capabi l i ty was u t i 
l ized Is presented in Figure 6. Each data point 
represents the hourly average to ta l displacement 
for extensometer E3 (see Figure 1) as a funct ion 
of time for the period Nay 20 through Nay 23. 
The upper l im i t of 695 (Integer equivalent to 
283 an) for th is device for midnight on Nay 20 
was determined by extrapolat ing the 11 data 
points acquired between midnight. May 19, and 
noon. Nay 20. The l im i t was actual ly set jus t 
before noon to cover the subsequent 12-hour 
period. Since no Increase occurred in the rate 
of extension, no alarms were generated before 
the next update. Just pr ior to midnight on Nay 
20, an update was obtained y ie ld ing 12 addi t ion
al hourly averages which were used to derive the 
upper l i m i t of 744 which was established jus t 
before midnight for the subsequent midnight- to-
noon period. This procedure of reviewing h i s 
to r i ca l data and resett ing l im i t values was f o l 
lowed un t i l the rate of movement at E3 subsided. 

I n i t i a l l y , a decision was made to establ ish 
cumulative movement as the c r i t e r i a for generat
ing alarms. This decision proved to be a good 
one, but the re la t ive ly large displacement which 
occurred at E3 may have been monitored more con
veniently by establishing l im i t s based on rate 
of extension rather than cumulative extension. 
This provision could be added to the exis t ing 
system by simply modifying the software. 

Systea Perforaance 

A detai led analysis of data obtained fron the 
Rudd Canyon sl ide area w i l l not be presented in 



t h i s paper. Those interested in precursory 
events leading to I ns tab i l i t y of natural slopes 
are referred to a previous publication (NcCarter 
and Ka l i ser . 1984). I t is instruct ive to note, 
however, that l i t t l e or no aoveaent was detected 
during the winter months. The f i r s t ind icat ion 
of i n s t a b i l i t y was detected at 10:33 p.m.. on 
Nay 15 when the Davis County Sher i f f ' s d i s 
patchers reported an a1ar« or ig inat ing from 
E3. Between Nay 15 and Nay 21, rates of separa
t i o n of up to 2.0 mn (0.08 in /hr ) were care fu l l y 
monitored. At 12:16 p.m. on Nay 23, add i t iona l ' 
alarms were received front Tl and T3. Indicat ing 
the i n i t i a t i o n of a debris f low. Radio contact 
was made with a nearby Forest Service h e l i 
copter, and a request was made to inspect the 
area. At the same time two Farmington City 
personnel were dispatched to observe condit ions 
at the mouth of the canyon. The hel icopter 
a r r ived in t i n e t o confirm a debris flow issuing 
from the springs area at the lower l im i t of the 
s l i de zone. Approximately 6 minutes af ter the 
a)anB, one of the two City employees sighted the 
debris flow from the mouth of the canyon. An 
addi t ional 6 minutes elapsed before the second 
ind iv idua l reported debris entering the basin 
previously constructed to protect the community 

^.(Kaliser and McCarter, 1984). The basin con
ta ined a l l debris, and no in jur ies or major 
property damage were sustained. 

Conclusions 

The use of a dedicated personal computer i s 
an extremely cost ef fect ive and f l ex ib le method 
for monitoring geotechnical data. I t allows 
processing of data as i t Is received and f a c i l 
i t a tes Immediate Interpretat ion of trends in a 
form eas i ly comprehended by the user. The com
puter also provides a convenient tool for s to r 
ing and t ransfer r ing data to be used in more 
deta i led professional evaluations. These advan
tages and the demonstrated success in monitoring 
s t a b i l i t y of natural slopes in Rudd Canyon sug
gest several applications for the mining 
Industry . 

A computer-based monitoring system would be 
extremely useful in assessing open p i t slope 
s t a b i l i t y and s t a b i l i t y of nine waste embank
ments. In both s i tuat ions, men and equipment 
work in a constantly changing environment. 
Early detection of trends towards i n s t a b i l i t y 
and coonun i c a t i on of potential hazards to 
personnel in affected areas would be useful In 
maintaining safe working conditions. 

A computer-based monitoring system could be 
Immediately applied t o a network of ground 
stress and/or convergence instrumentation in 
underground operations. Accumulation of data In 
a readi ly accessible and user f r iend ly format 
would al low operational and management personnel 
t o review short- or long-tero trends In the 
I n t e g r i t y of mine openings. This capab i l i t y 
would surely aid operational planning and help 
maintain safe condit ions. 

With the current economic condit ions. Im
provements in mining methods, mine planning, 
production management, and safety are cer ta in ly 
needed. Use of readily available personal com
puters and associated peripheral devices in 
helping to achieve these Improvements is l im i ted 
only by the Imagination and s k i l l of the engi 
neer. 
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SCOPE OF WORK FOR 1984/85 

SIS' p 

The shapes of cumulative displacement curves as a function of time for 
all areas monitored during 1983/84 are basically the same. During the 
midwinter months little or no movement occurred. The onset of movement in the 
spring was abrupt and decelerated rapidly following debris flow activity. The 
onset of movement correlated well with melting of the snow pack and assumed 
rise in groundwater levels. The deceleration also correlated well with the 
assumed decrease in groundwater levels attending liquification of soils 
immediately preceeding debris flows. The most logical explanation for 
coincidence of fracture dilatation and debris flows is, therefore, a temporary 
reduction in effective soil strength caused by increasing groundwater 
pressure. This is a logical assumtion, but it has not been verified in the 
field. If the assumption is correct, monitoring fracture dilatation is an 
indirect means of measuring pore pressure, and perhaps a more direct approach 
would provide a superior monitoring strategy. Before committing resources to 
building additional monitoring systems of the type used during 1983/84, 
additional research should be conducted in Rudd Canyon and Reynolds Gulch to 
evaluate probable correlations between melting of the snow pack, water 
infiltration, groundwater levels, fracture dilatation, and occurrence of 
debris flows. This information should help insure development of the most 
reliable monitoring methods and eventual development of effective warning 
systems. 

OUTLINE OF TASKS 

Phase I Refurbishing existing systems in Reynolds and Rudd 
September 1984 - June 1985 

1. Approximately one third of the field sensors were lost in Rudd 
Canyon as a result of the May 23, debris flow. Field 
instrumentation needs to be constructed and redeployed prior 
to onset of winter. This task will involve construction of at 
least two new extensometers, repair of E3 which was dammaged 
by snow loading, replacement of three inclinometers lost in 
the slide, addition of a snow pillow to measure snow pack, and 
addition of at least two piezometers to measure groundwater 
conditions near E3 and the springs area. During or subsequent 
to deployment of field instrumentation, the multiplexer 
developed by UURI should be examined to determine the effect 
of long term operation and modified if necessary for another 
field season. In addition, recently acquired radio equipment 
should be tested and packaged for field operation. 

Required Resources: 
Four inclinometers @ $100 ea 
Three extensometers @ $600 ea 
Four piezometers @ $600 ea 
Snow pillow $500 ? 
piezometer interface modules $500 
Piezometer cable 2000 ft @ $l/ft 
Modification of existing multiplexer to accept piezometer 
input, (est. 4 days at Dale Green's rate) 



Batteries and misc. hardware $1000 
Field installation and spring monitoring 

Dale Green 2 days 
Electronics and computer technician 20 days 
Kim McCarter 6 days (§ $400/day 
Field crew of 2 men, 6 days @ $100/man/day 
Helicopter time 10 hours Q $600/hr 
Travel $500 

2. All five extensometers positioned in Reynolds were extensively 
damaged by snow loads. All should be replaced with 
extensometers similar to those now in Rudd Canyon. In 
addition to extensometers, at least four piezometers, a 
precipitation gage, temperature recorder, and a snow pillow 
should be added to the system. Since water infiltration 
appears to be an important factor, a simple device similar to 
a rain gage should be developed to measure water infiltration 
and added to the system. All data were obtained by periodic 
interrogation. A telemetry system should be added to insure 
proper data acquisition during the critical spring period. 

Required Resources: 
Five extensometers @ $600 ea 
Rain gage and temperature probe @ $1000 
Snow pillow (a $500 ? 
Materials for infiltrometers $750 
Materials for telemetry system and computer $ ? 
Field instrumentation and spring monitoring 
Batteries and misc. hardware $1000 

Dale Green ? days @ rate? 
Electronics technician ? days @ rate? 
Kim McCarter 5 days @ $400/day 
Two man field crew 3 days & $100/day/man 
Student one year stipend or wage $8000 
Helicopter time 3 hr @ $600/hr 
Travel $500 

Phase II Instrument Development and Instrumentation of New Areas 

1. Surface mounted extensometers are subject to tremendous loads 
caused by ice layers within the snow pack. If possible, 
extensometers (if extensometers prove to be the best choice in 
instrumentation) should be redesigned to allow burial within 
the upper soil layers. Development of this device will 
require construction of a special frame consisting of a split 
steel shell. One half of the container will be free to move 
with respect to the other half. The purpose of this device 
will be to simulate fracture development in unconsolidated 
geologic materials at a scale approximating actual field 
conditions. This work will be conducted in the mine Systems 
Simulation Laboratory and will allow testing and calibration 
of successful prototypes. 

Required Resources 



Materials (Steel plate and structural sections, hydraulic 
cylinders, pumps etc.) $10,000 
Construction labor $6000 
Prototype materials $2000 

2. The second phase would also include consulting time for siting 
field instrumentation and supervising extensometer 
development. Maximum available time is estimated at 15 days 
at $400 per day. 



Soil Strength and Stability DRAFT 

Budget: First two years (R&D), 

Page 5 

1 . Consx i l t an t : J . M. Olsen 

150 h r s . @ $ 5 0 / h r . $ 7,500. 

2. Student Time 

1000 hrs. (a $7.50/hr 7,500, 

3. Supplies 

Laboratory Supplies 

Slope Indicator Tubing 

400. 

3,000. 

4. Computer 3,000. 

5. Instrumentation 

Slope Indicator 

Downhole Device & Readout 6,000, 

Computer System 1Z,000 

Portable Soil Sampler- 5,000, 

Total $ 44,400, 
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Governor 

S T A T E OF U T A H 

DIVISION OF COMPREHENSIVE EMERGENCY MANAGEMENT 

DEPARTMENT OF PUBLIC SAFETY 
1543 SUNNYSIDE AVENUE 

P.O. BOX 8100. SALT U K E CITY, UTAH 84108 

. TELEPHONE (801) 533-5271 

October 22, 1984 

LARRY E. LUNNEN 

Commissioner 

LORAYNE TEMPEST 

Director 

Dr. S.R. Wood • 
University of Utah Research Institute 
Earth Science Laboratory 
391 Chapeta Way, Suite C 
Salt Lake City, UT " 84108 

Dear Dr. Wood: 

I have received a response from the Federal Qnergency Management Agency 
Region VIII indicating their action on your proposal for the Landslide 
Monitoring and Mitigation Program. 

As you know, I supported your program and recommended its approval. 

I will continue to support your proposal and keep you informed of any 
developments. 

Sincerely, 

^ ^ H ^ t ^ y ^ ^ ^ ' ^ ^ Y ^ ^ 
Lorayne Tempest, 
Director 

LT/RFF/eg 

"Ij You Fail to Prepare You Prepare to Fail" 



Federal Emergency Management Agency 
Region VIII Denver Federal Center, Building 710 Denver, C O 80225 

1 5 OCT 1BB4 

Ms. Lorayne Tempest, Director . 
Utah Division of Coinprehensive ' 

Emergency Management 
P. 0. Box 8100 
1543 Sunnyside Avenue 
Salt Lake City, UT 84108 

Dear Ms. Tempest: 

Thank you for providing me with the proposal, "Landslide 
Monitoring, Prediction and Mitigation in Utah." 

The proposal represents a unique effort beyond the scope of 
FEMA program funding administered by the Region. Therefore, 
we are forwarding the proposal to the FEMA National Office 
for consideration. We will be contacting you as action on 
the proposal occurs. 

We appreciate your continued efforts to address emergency 
management issues in Utah. 

Sincerely, 

Alton D. Cook 
Regional Director 

CC: Kenneth Brzonkala, Headquarters 
Dr. Art zeizel. Headquarters 
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December 10, 19S4. 

Mr. Phillip M. Wright 
Technical President 
University of Utah Researeh Institute 
391 Chipeta Way 
Salt Lake Gity, UT 84108 

Dear Mt. Wright: 

Recently we have been eont;acted by the Federal Emergency Management 
.Agency regarding your proposal, for Landslide Monitoring and Mitigation 
for Utah. They had received the proposal with approval recommendations 
from this office and the Region Director, FEMA Region VIll.-

In order to negotiate direetly with the u of U Research instituter 
PEMA would like you to submit your unsolicited, proposal directly to 
them. You may restate your proposal to FEMA as It was written, but . 
stated as a proposal to them. ,—^„ ^ < c R j j L ^ ^ ^ 

^^0 d . S> 
Please address your proposal to the Policy and Evaluations' 

Division, Federal Emergency Management Agency, Washington D.C. 20472, 
Attn: Mr. Charles B.ridges (telephone (202) 287-3822). 

We appreciate your interest in this Important mitigation effort. 

Sincerely, 

^ ^ ^ ^ ^ $ ^ ^.^^^^pytk^ 

Lorayne Tempest 
Director 

LT/RFF/ecg 

LWRIGHT 

"IfYm_Fail to Prepare You Prepare to Fail" 


