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PREFACE

The Applied Geology Program is a part of the Utah Geological and Mineral Survey. The program
is responsible for mapping and defining geologic hazards, as well as providing assistance to tax-supported
entities (i.e. cities, towns, counties, state agencies, and school districts) on matters where engineering geologic
factors are of concern. In this aspect. emphasis is placed on site evaluations of critical public facilities such
as police and fire stations, hospitals, water treatment plants, and schools. The program also conducts
investigations to answer specific geologic or hydrologic questions from state and local government agencies,
such as evaluations of protection zones required for culinary springs and investigations of slope stability or
soil problems in developing areas for county planning departments. These projects are usually of short
duration (a month or less) and are performed at no cost to the requesting agency, although services in kind
are usually provided. The Applied Geology Program also conducts studies of a longer and more detailed
nature. These studies are also intended 10 meet specific needs. and are performed on a cost-sharing basis
with the entity requesting the study. In addition to these projects, the Applied Geologv Program reviews
and comments on technical reports submitted by consultants 1o state and local government agencies.

Information dissemination is a major goal of the UGMS. Applied Geology Program studies
considered of general interest to the public are published in several UGMS formats. Many Applied Geology
Program projects address specific problems of interest to a limited audicnce. These studies are commonls
presented in a technical report or letter and are distributed on a need-to-know basis. Copies of the reports
arc mainiained in the Applied Geology Program files and are available for inspection upon request.

The purpose of this Report of Investigation is to present, in a single document, the 24 technical
reports and letters generated by the Applicd Geology Program in 1988 and 1989 (fig. 1) which received
limited distribution. The reports are grouped by topic, and the author(s) and requesting agency are indicated
on each repori. Minor editing has been performed for clarity and conformity, but no attempt has been made
to upgrade the original graphics. most of which were produced on a copying machine. This report represents
the sixth periodic compilation of Applicd Geology Progrem studies, and is intended to make the results of
the Applied Geology Program projects available 1o the general public,

Bill D. Black
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Project:

Town of Emery, Emery County
Municipal Water Treatment Plant

Reguesting Ageacy:

Castle Valley Special
Services District,
Mr. D.V. leamaster,
Manager

By:
W.E. Mulvey

Date:
1-7-88

Caunty:

Job No.: E
88-01(PF~1)

USGS Quadrangie:

Emery West #633

PURPOSE AND SCOPE

In response to a request by Mr.
the Castle Valley Special Services District, the Utah Geological and
Mineral Survey made a geologic hazards investigation of the proposed
site for a municipal water treatment plant in Emery, Utah. The site
is located in T.22 S., R.6 E.,
l1). The investigation was conducted November 11,
1987, for the purpose of evaluating the site for potential geologic

.Meridian (attachment

hazards that ccould adversely effect the facility.

section 4,

Darrel V. Leamaster, manager of

Salt Lake Baseline and

In addition to the

site reconnaissance the scope of the project included a review of
available geclogic and hydrologlc literature for the site vicinity and
logging of three test pits.

SETTING

Located immediately northwest of the town of Emery, the water
treatment plant will replace an existing pump house which supplies
culinary water to the town from two nearby ponds (attachment 2). The
property is characterized by gentle topography with slopes averaging 1

to 3 degrees on a dissected alluvial fan.
away, on the northwest portion of the property,

Approximately 1/2 mile
slopes steepen to over

30 degrees and rise to a gravel-capped bench (pediment surface). To
the west, the Wasatch Plateau rises in a series of steep cliffs.

The alluvial fan at the site originates from a natural
amphitheater formed by headward erosion of drainages at the base of

the cliffs and bench.

Ephemeral drainages on the fan surface are from

2 to 4 feet deep and appear to be actively eroding. Total relief
across the property is 120 feet, with elevations ranging from 6440
feet at the top of the bench to 6320 feet 1mmedlately east of the
building site. Annual precipitation for the region is 6 to 11 inches,
supporting a vegetation community of galletagrass, shadescale, and
greasewood with some juniper and pinyon pine present on slopes above

the site.

GEOLOGY AND SOILS

The site is located in the Colorado Plateau physiographic
province in the southwest portion of Castle Valley. Castle Valley is
bounded by the Wasatch Plateau on the west and the San Rafael Swell on
the east. Locally, the area is characterized by Cretaceous-age bedrock
that dips gently to the west and forms the eastern escarpment of the



Wasatch Plateau. The escarpment is composed, from oldest to youngest,
of the Mancos Shale, Emery Sandstone, Masuk Shale, Star Point Sandstone,
and Black Hawk Formation. Several normal faults offset these units west
of the study area in the Wasatch Plateau. The closest is the Paradise
fault, approximately 3/4 of a mile away, which forms the eastern
boundary of the Joes Valley fault zone (Hayes and Sanchez, 1979). The
Joes Valley fault zone has been active during Quaternary time (1.8 my
B.P. to present) (Foley and others, 1987).

The predominate bedrock in the site vicinity is th: Mancos Shale,
which underlies the valley floor to a depth of several hundred feet.
Castle Valley owes its origin to the soft, easily erodible nature of
the Mancos Shale (Stokes and Cohenour, 1956). The Mancos Shale in
Castle Valley is overlain by a thin veneer of unconsolidated
Quaternary deposits derived from the weathering and erosion of
sandstone bedrock units to the west. Alluvial fans cover the Mancos
Shale in the site area to a depth of approximately 30 feet as
indicated in well log data (D. V. Leamaster, oral commun., 1987).
North of the building site, erosional remnants of the Mancos Shale
rise above the alluvial fan and form the bench (pediment surface)
which is in turn capped by mid-Pleistocene gravels (>150,000 yr
B.P.). Gravels on the surface were derived from streams that
originated on the Wasatch Plateau.

At the plant site, Quaternary alluvial fans overlie the Mancos
Shale. Surface soils consist of the Ravola-Billings-Penoyer
association which are generally deep, well to moderately well drained,
and medium to moderately fine textured (Swenson and others,1970).
Three test pits were excavated within the building area to a depth of
8 to 10 feet (attachment 2). Test pit soils were described according
to the Unified Soil Classification System (USCS) (appendix A). All
test pits showed similar soils, predominately fine to medium grained;
well to poorly graded sand (SP-SW) and sand with silt (SM) (appendix
B). These soils were at least 8 to 10 feet thick in the test pits,
and it is believed that they extend to a depth of 30 feet below the
site.

GEOLOGIC HAZARDS

FLASH FLOODING

Flooding potential for the site is low to moderate. The Federal
Emergency Management Agency (FEMA) has not published flood hazard maps
for the town of Emery. However, FEMA emphasizes that although the
area may not be subject to the 100-year flood, floods of a greater
magnitude could occur there and may cause localized damage to
structures (FEMA, 1978). Sudden cloudburst storms may cause localized
flows in ephemeral streams draining the mountain slopes west of the
site. To avert flash-flood damage, a diversion ditch was excavated
behind the lower storage pond and has reportedly been successful in
containing runoff (attachment 2). However, during large cloudburst
storms, this diversion ditch might possibly be overtopped and allow
surface water to enter the storage ponds.



EROSION

Surface erosion potential on the site is moderate. Lack of
vegetation cover and the presence of easily erodible soils is offset
by gentle slopes and low annual precipitation. However, sudden
¢ Zoudburst storms may cause localized erosion problems. Ephemeral
crainage channels (2 to 4 feet deep) are actively eroding the fan
surface northwest of the building site. These channels drain toward
the pond north of the proposed site, and sediment carried in them
could partially £ill the diversion ditch protecting the pond, reducing
its capacity to contain flood waters.

ADVERSE SOIL CONDITIONS

Soils at the site are fine to medium grained and well drained
with little or no shrink-swell capacity. The underlying Mancos Shale,
however, contains materials which have a high shrink-swell capacity.
Should excavation for building foundations expose the Mancos Shale,
the potential for damage from shrink-swell soils would greatly
increase.

Due to the nature of the alluvial-fan sediments, it is essential
that they be properly compacted if used for fill material during
construction. Cracks observed in the concrete block pump house now at
the site were formed by settlement of the building foundation due to
poor compaction during construction. Ponding of surface runoff due to
inadequate drainage at the site caused the soils to settle and further
damage the structure (D.V. Leamaster, oral commun., 1987).

GROUND WATER

No shallow ground water was encountered in test pits or reported
in water well logs in the area. Thus, no hazards are believed to exist
at the site relating to shallow ground water. Water wells in the area
are deep (1500 feet) and produce water contaminated by alkaline
minerals derived from the Mancos Shale (D.V. Leamaster, oral commun.,
1987).

EARTHQUAKE HAZARDS

The site is located in seismic zone U-2 as established by the
Utah Seismic Safety Advisory Council (USSAC) and in zone 2 of the
Uniform Building Code (UBC). These zonations indicate the relative
hazard due to ground shaking, and divide Utah into four USSAC and
three UBC seismic zones, with zone 2 having a low to moderate ground
shaking hazard with expected Modified Mercalli intensities of I - VII
(attachment 3, appendix A).

No active faults occur at the site. The nearest such fault, the
Paradise fault, is located 3/4 mile west of the study area and has
been active during the Quaternary (1.8 my B.P.). From stratigraphic
relationships observed in a graben at the mouth of Muddy Creek,
immediately north of the town of Emery, it was determined that the
fault was active prieor to 150,000 yr B.P., but has not been active



since that time (Foley and others, 1986). Based on these findings, no
surface fault rupture hazard is thought to exist at the site. Other
earthquake hazards such as liquefaction and earthquake-induced slope
failures are low because of favorable soil and ground-water conditions
and lack of steep slopes at the site.

CONCLUSIONS AND RECOMMENDATIONS

Overall, geologic hazards at the site are few and include chiefly
localized erosion and problems associated with the drainage of surface
runoff. The structures built on the site should be designed with
these geologic limitations in mind. 1Incised drainages on the alluvial-
fan surface north of the building site show recent erosion by
surface water draining from the mountain front. These drainages flow
into a diversion ditch immediately behind the lower storage pond. The
ditch is adequate for low intensity cloudburst storms, but may not
completely contain water from a high intensity-short duration event.
It is recommended that the ditch design be evaluated to determine if
modifications are needed to accommodate maximum expected flood flows.

Soil logs from the three test pits excavated on the site indicate
that the soils are well drained and have little or no shrink-swell
capacity. However, caution should be taken in construction
excavations to avoid exposing the Mancos Shale, due to its high shrink-
swell capacity and potential for damage to buildings. Poor compaction
of construction fill has damaged existing structures. Therefore, the
UGMS recommends that a qualified soils engineer conduct a soil
foundation investigation to determine soil bearing strengths and
provide specifications for compaction of construction fill prior to
constructing buildings on the site. Care should be taken to direct
surface drainage and roof runoff away from the foundation of the
building. The site is in an area where moderate damage may occur due
to earthquakes with maximum Modified Mercalli intensities of VII, and
buildings should be constructed to conform to UBC seismic zone 2
standards.
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Attachment 3, Job No. 88-01(PF-=1)
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Appendix A

MODIFIED MERCALL] INTENSITY SCALE OF 1331
Gridged)

L Not falt except by a wery few onder aspecislly fsvorable circumstances

I Felt only by s few persons at rest, especially on wyper floors of buikdings. Delicately sus-
pended objects may swing.

HL Fett quite noticeably indoors, especially on upper floors of buildings, but many peoph o
»ot recognize it as an sarthquake. Standing motor ears may rock slightly. Vibration Hke
passing of truck. Durstion estimated.

V. During the day falt indoors by many, eutdoors by frw. At night some swakened. Dishes, win-
dowr, doors disturbed; walls made cracking sound. Sensation like bexvy truck striking build-
ing. standing motor cars rocked moticeably.

Y. Fet by mearly everyone; many swakened. Some dishes windows eic, broken; s few inctan.
ces of cracked plaster, unstable objects overturned. Disturbance of trees, poles and other
tall objects sometimes aoticed. Pendulum clocks may stop.

YL Felt by all; many frightened and run outdoors. Some hesvy furniture moved; s few instances
of falier plaster or damaged chimneys. Damage siight.

Yil. Everybody runs outdoors. Demage megligible in boldings of good design snd ecomstruc-
tion siigh! to moderste i weli-buit eordmary structures; considerable im  poorly
built or badly designed structures; some chimneys broken. Noticed by persoas driving mwotor
ars.

ViI. Damage slight in specially designed structures; considerable in eordinary substantal!
buiidings with partia! coliapse; great n poorly built structures. Panel walls thrown out of
frame structures. Fall of chimneys, factory stacks, eolumns, monuments, walls. Hesvy fumni-
ture overturned. Sand and mud ejected in small amounts. Changes in well water. Disturbed
persons driving motor ears.

X Damage considerable in specially designed structures; well designed frame structures thrown
out of plumb; great in substantia! buildings. with partia! collspse. Buildings shifted off
foundations. Ground cracked conspicuously. Underground pepes broken.

X Some well-built wooden structures destroyed; mast masonry and frame structures destroyed
with foundations; ground badly cracked. Rails bent Lsndsiides considerabie from river
banks and steep slopes. Shifted sand and mud. Water splashed (slopped) over banks.

Xi. Few, if any (masoary), structures remain standing. Bridges destroyed. Broad fissures in
ground. Underground pipe lines completely out of service. Earth siumps and land slips In

soft ground. Rails bent greatny.
X!i. Damage total. Waves seen on ground surfaces. Lines of sight and leve! distorted. Objects

thrown wpward into the air.
Source: farthcuake Information Bulletin 6 (5), p. 28, 1974.
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Appendix B

MAJOR DIVISIONS GROUP TYPICAL
SYMBOLS NAMES
Well-graded gravels and
(4] gravel-sand mixtures,
4 little or no fines
[ Y (el .
- Z J
€ w < W
e - O w >
s 6.2} g8 Poorly graded gravels and
Llaw ¥io © GP gravel-sand mixtures,
“lo g&= little or no fines
ST v
" I ;: E‘° cH Sflty gravels, gravel-sand-
' e el silt mixtures,
- =z VA U e~ - v
(=4 [ w X oW
: g g S"_;_E 6 Clayey.gravels, gravel-sand-
e o = clay mixtures
z v
-~ C
o -
<
S % Well-graded sands and
w o Sw gt-avelly sands,
« 2 « Y1z little or no fines
S = occov|<o
(%] 0 - wz
3 R = ¢ n
£la & - <P Poorly gfaded sands :n gravelly
“1e &, sands, little or no fines
vl < €w o0
[ v L 4
£ R i ¢ d-silt mi
z P SM Silty sands, sand-silt mixtures
L & » [l w3
0 O v X W
ToR|ZE2 .
©wI L sC Clayey sands, sand-clay mixtures
Inorganic silts, very fine
ML sands, rock flour, silty or
ol clayey fine sands
| >
> < -~ .
2 s Inorganic clays of tow to
vl o =8 cL medium plasticity, gravelly
cl| z clays, sandy clays, silty
v O g T L
-~ ) clays, lean cleys
pan (.3 =
2 ¢15 f8
Z| = oA Organic silts and organic
o L 2l .y 7 .
e v oL silty clays of low plasti-
- v City
<< L
& o
E Sly = Inorganic silts, micaceous
z 5 < ~a MH or diatomaceous fine sands
“ E| D EC or silts, elastic silts
L g '-‘5
; < v CH Inorganic clays of high
oly 2% 3 plasticity, fat clays
- = ®
- e U . .
o . OH Organic clays of medium
to high plasticity
Highly Organic Soils PT Peat, muck and other highly
organic soils

* Bused on the material passing the 3-in. (75-mm) sieve.

Irifiel Soils Classification System (USsCs)
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Test Pit 1
0.0' - 2.7
2.7' - 5.4!
5.4' - 7.5
Test Pit 2
c.o' - 2.4
2.4' - 4.9
4.9 - 7.4"

Appendix C

Test Pit Logs
Town of Emery Surface Water Treatment Plant

Poorly graded sand with silt (SP/SM): low density, low
plasticity, dry; 90 percent fine, subangular to subrounded
sand; very pale brown, noncemented, strong reaction to HCL;
fill material.

‘Poorly graded sand with silt (SP), very pale brown, medium

density, norne to low plasticity, dry; noncemented, 90 percent
fine, angular to subangular sand, strong reaction to RHCL,
early stage I caliche development from 2.7 to 3.7 feet:
Discontinous lenses of well-graied, fine to medium sand (SW);
loose, nonplastic, dry; 95 percent medium, angular to
subanqular sand, strong reaction to BCL, sand lenses 1 - §
inches thick with no lateral continuity.

Poorly graded sand with silt (SP/SM); very pale brown, medium
to low density, none to low plasticity, dry; 95 percent fine,
angular to subangular sand, noncemented, strong reaction to
HCL.

Poorly graded sand with silt (SP/SM); very pale brown, medium
to high density, none to low plasticity, dry; noncemented, 90
percent fine, angular to subangular sand, strong reaction

to HCL; fill campacted by earth moving equipment with chunks
of coal present in upper 1 foot.

Poorly graded sand with silt (SP), very pale brown, none to
low plasticity, dry; noncemented, 90 percent fine, angular to
subangular sand, strong reaction to HCL: Discontinous
lenses of fine to medium sand (SW); low density, nomplastic,
dry; 95 percent fine to medium, angular to subangular sard,
noncemented, strong reaction to HCL, sand lenses 2 to §
inches thick with limited lateral continuity.

Poorly graded sard with silt (SP/SM); very pale brown, medium
to low density, none to low plasticity, dry; 85 percent fine,
angular to subangular sard, noncemented, strong reaction to
HCL: Discontinous lenses of well graded sand with gravel
(SW) : low to moderate density, nonplastic, dry; 5 percent
gravel to 4 inches in diameter, 30 percent gravel, 65 percent
fine, angular to subangular sand, strong reaction to HCL,
channel cut into main unit.

12



Test Pit 3
0.0' - 1.5!
1.5' - 3.3!
3.3 - 6.1"

Appendix C contimed

Poorly graded sand with silt (SP/SM):; low density,
norplastic, dry; 90 percent fine, angular to subangular
sand, none to weak cementation, strong reaction with HCL,
early stage I caliche development; isolated coarse sand
lenses.

Well graded sand-well graded sard with gravel (GW/SW);

low density, nonplastic, dry; 50 percent gravel, 50 percent
fine, angular to subangular sand, noncemented, strong
reaction with HCL.

Poorly graded sand (SP); low density, nonplastic, dry:

95 percent fine, angular to subangular sand, noncemented,
strong reaction to HCL, early stage I caliche development
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Project: Reguesting Agency:
Geologic hazards investigation of a proposed 2 City of Riverdale
million-gallon water tank site, City of
Riverdale, Weber County, Utah

By, Date: Couaty: JaNe: (PF-2)
Kimm M. Harty 1-10-89 Weber 89-01

USGS Quadrangle: (1346)

PURPOSE AND SCOPE

This report presents the results of a Utah Geological and Mineral Survey
(Uas) investigation conducted at a proposed 2 million gallon water tank site for
the City of Riverdale in Weber County. The purpose of the investigation was to
identify any existing or potential geclogic hazards that could adversely affect the
water tank and suwrraarding area. 'Ihescopeofmrku‘clu:ledarevwwofpertument
published and wpublished literature and maps, review of 1:20,000-scale air
photographs, and a field reconnaissance on January 4, 1989. Mr. Dean Steel, City
Administrator of Riverdale, reguested the study and was present curing the field
reconnaissance.

GEOLOGIC SETTING AND SITE DESCRIPTION

The site is located approximately 1000 feet south of the center of section 13,
T. 5 N., R. 2 W., Salt Iake Baseline and Meridian (attachment 1). The proposed
water tank will be located adjacent to an existing 1 million—gallon water tank also
owned by Riverdale. The proposed tank will be constructed at about 4595 feet
elevation, the same elevation as the existing tank.

The site is atop a bench which is a remnant of a delta deposited in ancient
lake Bamneville by the Weber River. As the lake receded, the Weber River cut down
into the delta, leaving the bench over 200 feet above the present river level. The
site is on the northeast rim of the bench, as is the Davis-Weber canal (attachment
1), which, until recently, flowed between the water tank site and the edge of the
bench. The canal is currently being re-routed toward the west to a location south
of the water tank site (attachment 1) (Dean Steel, oral cammmn., Jan., 1989).

The existing water tank is on a small terrace about 10 feet higher than the
bench surface (attacment 2), and is approximately 100 feet fram the rim of the
bench. The proposed wzter tank will be built partly on this small terrace,
approximately 125 feet from the rim of the bench. Much excavation arnd grading will
berequ_Lred as the fourndation of the proposed water tank will be larger than the
remaining undeveloped portion of this terrace surface (attachment 2).

SOIL, CONDITIONS AND GEOLOGIC HAZARDS

No test pits were dug during the field investigation, and visual inspection of
the ground surface was hampered by the presence of a deep snow cover. However,
spoil piles fram the canal re-routing project and previocus nearby excavations show
the so0il to be predominantly sand ard gravel. The U.S. Department of Agriculture
soil survey of the area (Erickson ard Wilson, 1968) shows the site vicinity to be
covered by two soils, the Kilburn and Francis Series. The Killkrn soil (Kmd) is a
gravelly sandy loam exhibiting moderately rapid to rapid permeability, low shrink-
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swell capacity, high shear strength, slight compressibility, and good campaction.
In the Unified Soil Classification System, the Kilburn soil is a silty gravel (@)
or silty sand (SM). In addition, the soil absorbs moisture readily and is samewhat
excessively drained. Surface runoff occurs slowly, and the hazard fram water
ercsion is deemed none to slight (Erickson and Wilson, 1968). The Francis soil
(FcB), occurring primarily west of the study area, is a loamy fine sand which
exhibits many of the same properties as the Kilburn soil. A notable exception is
that it has a high susceptibility to wind erosion (Erickson and Wilson, 1968).

Because of the deep snowcover, evidence of any recent lardsliding on the bench
slope ‘near the water tank site could not be determined. Iandsliding alaong the bench
face has occurred in the past, however, especially during the recent wet years of
1983-1984. A lardslide map of the area (Lowe, 1988) shows an extensive landslide
zone on steep slopes just to the southeast of the proposed water tank site
(attactment 3). Just east of the site, the lardslide zane turns north, following a
lower bench slope. According to Mike Lowe (former Weber County geclogist, oral
cammumn., Jan., 1989), clay beds in the bench caused many of these lardslides, armd he
believes the beds pinch out where the landslide zone diverges northward. It may be
that the clay beds were deposited at the lower bench elevations during a period when
Iake Bonneville was deep, and that the sands and gravels were deposited on the upper
bench when the lake was regressing. Near the water tank site, the slope of the
bench averages approximately 35 percent, but is steeper in its upper portion.

Metal pipes protruding from the slope rim just northeast of the site appeared to
have been placed as slope re—enforcvements, but the exact nature and extent of this
mrkccmldnotbedetermjnedbecauseoftrwsmwcover. Houses located at the base
of the slope (attachment 2) did not experience landslide problems during 1983-1984
(Dean Steel, oral comum., Jan., 1989).

Depth to ground water was not assessed during the field investigation. A
literature and well log search revealed no data on the depth to the water table at
the site. The soil survey report for the area indicates the water table to be deep
(Erickson and Wilson, 1968). The water table is likely near the elevation of the
Weber River, more than 200 feet below the bench. Residents living on the bench
slope have reported springs issuing fram the base of the slope (M. lowe, oral
cammmn., Jan., 1989): this indicates the possibility of perched ground-water zones
in the bench above river level.

Earthquakes present a variety of potential hazards. The greatest earthquake
hazard to the water tank would be fram ground shaking during a moderate to large
earthquake. For the proposed site, there is a 10 percent chance that peak graund
accelerations will exceed 0.06-0.07g in a 10-year period, 0.25-0.30g in a 50-year
pericd, and 0.50-0.60g in a 250-year period (Youngs and others, 1987). No active
faults have been identified at or near the site; the closest such fault is the
Wasatch fault about five miles to the east. Maps at 1:48,000 scale showing soil
liquefaction potential fram earthquake ground shaking (Utah State University, 1988)
show the bench surface to be in a zone of very low potential. The bench slope and
base are in the moderate liquefaction potential zone.

CONCIUSIONS AND REQCQMMENDATIONS

No geclogic hazards are present at the site which would make it unsuitable for
construction of the water tank. The re-routing of the Davis-Weber canal away from
the rim of the bench near the water tank site will ensure that any future canal
leakage will not affect the water tank, the bench slope, or the residential area at
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the slope base. Any surface drainage should be routed away from the water tank
site. Drainage could easily be routed into the new canal. Although no landslides
have been identified on the slopes in the immediate vicinity of the water tank, the
possibility of landsliding exists. To minimize the potential for damage fram slope
fajlure, the water tank should be set back from the bench slope as far as possible.
If the tank is to be placed any closer than is presently planned (approximately 125
feet), a factor of safety analysis of the slope should be considered. In addition,
it is recommended that the geotechnical firm performing soil foundation
investigations for the water tank be consulted as to the necessity of a slope
stability study of the bench to determine safe setback distances.

The site lies in Uniform Building Code (UBC) seismic zone 3 and Utah Seismic
Safety Advisory Council (USSAC) zane U-4, areas of highest ground shaking hazard in
the respective zonation schemes. The most recent work indicates peak ground
accelerations of 0.06-0.07g, 0.25~0.30g, and 0.50-0.60g can be expected with a 10
percent probability of exceedence for exposure times of 10, 50, and 250 years,
respectively. Appropriate earthgquake-resistant design and construction should be
used, with careful inspection and monitoring as recamended for USSAC zone U-4 (Utah
Sei=smic Safety Advisory Council, 1979). The hazard from earthquake fault rupture at
the site is low.

Prior to construction, a thorough soil foundation investigation by a qualified
gectechnical firm should be performed. This report should address soil and ground-
water conditions at and below the foundaticn level. Because a water tank is a
critical facility and the assessment that liquefaction potential at the site is low
is based on generalized maps, the soil foundation investigation should also address
liquefaction potential. Because considerable site grading will be required,
ergineering specificatians for cuts and fills should be included.

REFERENCES CITED
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Attachment 2. Job 89-01(PF-2)
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Attachment 2. Sketch of proposed water tank site. Not drawn
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Preject. Roquesting Agency:

Geologic hazards investigation of a proposed Town of New Harmony
water tank site, New Harmony, Washington
County, Utah

County: Joh Ne.: (PF-3)

Date:
10-20-89 Washington County 89-14

By:
K.M. Harty

USGS Quadrungle:

New Harmony (158)

INTRODUCTION AND SCOPE

On behalf of the town of New Harmony, Utah, Marvin J. Wilson of
Sunrise Engineering requested that the Utah Geological and Mineral
Survey perform a geologic hazards investigation for a proposed 100,000~
gallon water tank site in New Harmony. The proposed site is in the
NEl/4, SE1/4, SWl1l/4, section 16, T. 38 S., R. 13 W., Salt Lake Baseline
and Meridian (fig. 1). The tank 1s to be built about 15 feet northwest
of an existing 150,000-gallon, 16-foot high, 42-foot diameter water
tank that currently supplies New Harmony (Marvin Wilson, oral commun.,

Oct., 1989). Like the existing water tank, the proposed smaller tanx
will be constructed of reinforced concrete and will be partially
buried. The scope of the investigation included a literature search,

review of geologic and topographic maps, and a field reconnaissance
that took plilace con October 12, 1985,

SETTING AND GENERAL GEOLOGY

The town of New Harmony, in north-central Washington County, is near
the eastern base of the Pine Valley Mountains. About three miles west
of the town, the mountains rise to nearly 10,000 feet elevation. On
average, the area receives about 20 inches of precipitation annually

(Jeppson and others, 1968). Rocks in the Pine Valley Mountains are
mainly volcanic in origin, erupted during the late Tertiary Period (34
to about 2 million years ago - Ma) (Cook, 1960). The water tank site

is atop alluvial-fan deposits at the base of the mountains on a finger-
like bench that rises approximately 30 feet above the surrounding land
surface. The bench is believed to be ccposed of late Pleistocene-age
(about 30 to 10 thousand years old - Ka; stream and mud-flow deposits
that were left as an uneroded remnant as streams cut down into the
older alluvial-fan deposits (Proctor, 1949; Cook, 1957). Vegetation
on the bench includes small trees, sagebrush, short grasses, and cacti.
Patches of bare soil are especially common in the area surrounding the
existing water tank.

SOIL CHARACTERISTICS

No test pits were excavated during the investigation, and there were
no vertical soll exposures to examine at the site. However, a soil
survey conducted by the U.S. Department of Agriculture (Mortensen and
others, 1977) gives an indication of the types of so0il to be
encountered to a depth of five feet. The soil at the surface of the
proposed site is poorly sorted, light brown to brown in color, with the

fine fraction containing clay, silt, and abundant sand. The survey
shows that the site is covered by very stony, sandy loam soils of the
Nehar Series. Unified Soil Classification System soil types
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represented in the Nehar Series include SC, SM, CL, and GM, with about
45-55 percent by weight coarse fraction greater than three inches
(Mortensen and others, 1977). Field observations confirmed this
relatively high percentage of coarse material. Cobbles of quartzite
and especially igneous veolcanic rocks are abundant on the bench.
Boulders are less numerous, with the largest visible one measuring
three feet in maximum dimension. Thin caliche (calcium carbonate)
rinds were observed on a few cobbles at the site.

Nehar soils generally exhibit the following characteristics:
moderate shrink-swell potential, medium to low shear strength, low to
medium compressibility, low compacted permeability, medium to low
susceptibility to piping, slow runoff, and good to fair compaction.
In addition, the soils rate a "moderate" in excavation limitation and
erosion hazard (Mortensen and others, 1977). A gully four feet deep
has formed in the south-facing bench slope where a drainpipe from the
existing water tank discharges near the base of the bench.

Ground subsidence in geologically young, sandy and silty alluvial
soils containing clay, particularly debris-flow deposits, is well
documented 1in the Hurricane Cliffs area of southwestern Utah.
Subsidence or hydrocompaction can occur in void-rich sediments that
have been rapidly deposited without sufficient water to allow normal
consolidetion. The scil survey indicates there may be susceptible
soils (SC) at the water tank site. However, because soils at the site
are greater than 10,000 years cld, sufficient geologic time may have
passed since deposition to have permitted adequate consolidation.

GEOLOGIC HAZARDS

Depth to ground water is unknown at the proposed site, but the
static water table 1s greater than about 30 feet below the bench
surface. However, zones of perched ground water could exist within
the bench. The hazard from siream flooding and erosion is low. There
is a larce, flat-floored ravine west of the bench that shows evidence
of having transported runoff in the past. The proposed site is
elevated about 30 feet above the floor of the ravine, and is set back
a safe distance.

No evidence of slope instability was observed during the field
reconnaissance, and no landslides appear on maps of the area. The two
slopes bordering the proposed site are low to moderate, with the
steepest, west-southwest-facing slope averaging about 17 percent grade.
The site is far from any cliffs, thus the rock-fall hazard is low. 1In
addition, the potential hazard from debris flows is low due to the
elevation of the water tank above potential flow routes.

Surface fault rupture hazard is low. Geologic maps show no active
faults traversing the proposed site. The closest known potentially
active fault is the Hurricane fault, six miles east of the site at the
base of the Hurricane Cliffs. The time of last movement on this
portion of the fault is postulated to have been between 10-130 Ka,
during the late Pleistocene (Anderson and Christenson, 1989). However,
a lack of evidence for surface rupture on the fault during Holocene
time (0-10 Ka) indicates that the recurrence rate of surface-rupturing
earthquakes on this fault is low (Anderson and Christenson, 1989).

22



The largest historical earthquake in the region (Richter magnitude
6.3) occurred in 1902 near Pine Valley, about 13 miles southwest of
New Harmony (Anderson and Christenson, 1989). The greatest hazard
posed by earthgquakes occurring in the region is from ground shaking.
For the proposed site, there is a 10 percent chance that effective
maximum peak ground accelerations will exceed 0.15 g in a 50-year
period (FEMA-95, 1988). The generally coarse soils and likelihood of
ground water greater than 30 feet deep indicate the potential for soil
liquefaction during earthquake ground shaking is probably low.

CONCLUSIONS AND RECOMMENDATIONS

No geologic hazards are present at the proposed site that would make
it unsuitable for construction of the water tank. The hazard from
flooding, landslides, rock falls, debris flows, and surface fault
rupture is low. The water table is below the excavation depth of the
water tank, but shallow ground water could be encountered in perched
zones.

The site is in an area where the maximum peak effective acceleration
is 0.15 g on rock with a 10 percent chance of exceedence in 50 years

(FEMA-95, 1988). This corresponds to Uniform Building Code (UBC)
seismic zone 2B, with a Z factor of 0.20 (Uniform Building Code, 1988
edition). Appropriate earthquake-resistant design and construction

should be used in a::ordance with UBC specifications.

Gully erosion has occurred near the existing water tank. Drainage
for the proposed water tank should be directed well away from the bench
and bench slope, to prevent slope erosion and undermining. Excavation
for the foundation could be difficult because of the large quantity of
coarse material at the site. Depending on the degree of consolidation
of the subsurface soil, excavation walls may require sloping. Prior
to site excavation, a thorough soil foundation investigation by a
qualified geotechnical firm should be performed. This report should
include an assessment of the scil and ground-water conditions at and
below the foundation level, and the potential for hydrocompaction. No
cracks or other visible signs of foundation distress were observed on
the existing water tank, but only the top and upper 12 inches of the
structure were visible.

The existing and proposed water tanks are upslope and close to a
number of houses in the northwest part of New Harmony. Design plans
should consider the impact of floodwaters on these residences should
the water tank(s) breach, and provide a pathway for diversion of
floodwaters if necessary.
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Geologic-Hazards Investigation, for a Woods Cross City
Proposed Woods Cross City Water-Tank
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USGS Quadrangie:

salt Lake City North (1254)

INTRODUCTION

The purpose of this investigation, requested by Tim Stephens (Woods
Cross City Planner), is to identify potential geologic hazards at a
proposed Woods Cross City water-tank site. The site is just south of
the South Davis Junior High School in the SE1/4NW1/4SW1/4 sec. 31, T.
2 N., R. 1 E., at approximately 400 W. 2600 S., Bountiful, Utah
(attachment 1). An old buried water tank currently located at the site
will be removed prior to construction. Two other Woods Cross water
tanks may eventually be constructed just to the north on the property.
The scope of investigation include a review of pertinent literature
(including geologic-hazard maps compiled by myself during my tenure as
Davis County Geologist from 1985-1989), an examination of aerial
photographs (1985, 1:24,000 scale), and a field inspection on November
29, 1989,

GEOLOGY AND GEOLOGIC HAZARDS

The site is located at an approximate elevation of 4,485 feet and
is underlain by sand and silt deposited into Pleistocene Lake
Bonneville (Nelson and Personius, 1989). The thickness of these
lacustrine sediments is not known.

Fault scarps of the Weber segment of the Wasatch fault zone
(Machette and others, 1987) are mapped approximately 5,000 feet to the
east and 2,000 to the south of the site (Nelson and Personius, 1989).
This fault zone is considered capable of generating earthquakes up to
magnitude 7.0 - 7.5, with surface-fault rupture and severe ground
shaking (Schwartz and Coppersmith, 1984). No evidence of surface
faulting is present at the site which is outside of the surface-fault
rupture sensitive area overlay zone (Potential Surface-Fault Rupture
Sensitive Area Overlay Zone - Salt Lake City North Quadrangle, Davis
County Planning Commission, 1989).

Because the site is in an active seismic area along the Wasatch
fault zone, there is a potential for strong ground shaking accompanying
earthquakes. Youngs -and others (1987) indicate that peak horizontal
ground accelerations with a 10 percent probability of exceedance in 250
years could be as high as 70 percent the force of gravity and peak
horizontal ground accelerations with a 10 percent probability of
exceedance in 50 years could as hlgh as 35 percent the force of
gravity. The liquefaction potential is mapped as very low (Anderson
and others, 1982). ;

The site is located just south of the North Canyon alluvial fan
(Nelscn and Personius, 1989) and is outside of the debris-flow hazard
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special study zone (Debris-Flow Hazard Special Study Zone Map - Salt
Lake City North Quadrangle, Davis County Planning Commission, 1989).
No landslides are mapped in the vicinity of the site (Slope-Failure
Inventory Map - Salt Lake City North Quadrangle, Davis County Planning
Commission, 1989) and the site is outside the landslide-hazard special
study zone (Landslide-Hazard Map - Salt Lake City North Quadrangle,
Davis County Planning Commission, 198%). This investigation confirmed
that landslide and debris-flow hazards are not found at the site. The
site is more than 5,000 feet from the mountain front and, therefore,
rockfall hazards are very low.

Federal Emergency Management Agency Maps (1982) show the site to
be in Zone C, an area of minimal flooding. The site is approximately
three miles from Great Salt Lake and approximately 280 feet above the
highest elevation reached by the lake during the last 10,000 years.
Flooding due to climate-induced lake-~level rises or tectonic subsidence
is not expected to occur at the site.

No subsurface investigations were performed for this study and soil
conditions at the foundation level for this water tank are unknown.
The shrink-swell potential of surficial soils at the site is rated as
moderate to low (Erickson and others, 1968), but collapsible
(hydrocompactable) or compressible soils may occur and cause
differential settlement. Differential settlement may also occur when
a structure is placed on more than one type of sediment, if the
compressibility characteristics of the sediments are sufficiently
different. Although the water table is generally about 35 to 58 feet
deep here (Anderson and others, 1982), shallow perched ground-water
problems may occur. If shallow ground water is present, the
liquefaction potential may be higher than shown on regional maps by
Anderson and others (1882).

CONCLUSIONS AND RECOMMENDATIONS

Surface-fault rupture, debris flows, landslides, rock fall, stream
flooding, and climate- or tectonic-subsidence-induced lake flooding are
hazards that are not expected to occur at the proposed water tank site.
Adverse soil foundation conditions due to either problem soils
(collapsible, compressible, or liquefiable) or shallow ground water may
occur and should be evaluated prior to construction by conducting a
standard soil foundation investigation. If shallow ground water (less
than 30 feet) is found, the liquefaction potential should be addressed
in the soil foundation study as well. The site is in Uniform Building
Code (UBC) Seismic Zone 3 and Utah Seismic Safety Advisory Council
(USSAC) Seismic 2one U-4, the zones of highest risk in Utah in the

respective zonations. Construction should incorporate earthquake-
resistant design with careful monitoring by the Woods Cross Building
Inspector. These recommendations also apply to future water tanks

constructed on the property. Please contact the Utah Geological and
Mineral Survey when the foundation has been excavated so that we may
inspect it.

26



REFERENCES CITED

Anderson, L. R., Keaton, J. R., Aubry, Kevin, and Ellis, S. J., 1982,
Liquefaction potential map for Davis County, Utah: Department of
Civil and Environmental Engineering, Utah State University, Logan,
Utah, and Dames and Moore Consulting Engineers, Salt Lake City,
Utah, 50 p.

Erickson, A. J., Wilson, Lemoyne, Hughie, V. K., Neilson, Woodrow, and
Chadwick, R. S., 1968, Soil survey of Davis-Weber area, Utah: U.
S. Department of Agriculture, Soil Conservation Service, in
cooperation with Utah Agricultural Experiment Station, 149 p.

Federal Emergency Management Agency, 1982, Flood insurance rate map,
Davis County, Utah, (Unincorporated areas), panel 255: Federal
Emergency Management Agency, 1:1,000 scale.

Machette, M. N., Personius, S. F., and Nelson, A. R., 1987, Quaternary
geology along the Wasatch fault zone: segmentation, recent
investigations, and preliminary conclusions, in Hays, W. W., and
Gori, Paula, eds., Assessment of regional earthquake hazards and
risk along the Wasatch Front, Utah, Volume I: U. S. Geological
Survey Open-File Report 87-585, p. 1-72.

Nelson, A. R., and Personius, S. F., 1989, Surficial geologic map of
the Weber segment of the Wasatch fault, Weber and Davis Counties,
Utah: U. S. Geological Survey Miscellaneous Investigations Map,
1:50,000 scale, in prep.

Schwartz, D. P., and Coppersmith, XK. J., 1984, Fault behavior and
characteristic earthquakes: examples from the Wasatch and San
Andreas fault zones: Journal of Geophysical Research, v. 89, no. B7,
p. 5681-5698.

Youngs, R. R., Swan, F. H., Power, M. S., Schwartz, D. P., and Green,
R. K., 1987, Probabilistic analysis of earthquake ground shaking
hazard along the Wasatch Front, Utah, in Hays, W. W., and Gori, P.
L., eds., Assessment of regional earthguake hazards and risk along
the Wasatch Front, Utah, v. II: U. S. Geological Survey Open-File
Report 87-585, p. M-1-110.

27



Base Map from SALT LAKE CITY NORTH.
Job No.8%-17(PF-4) U.S.G.S. 7-%2" topographic quadrangle.

OGODEN 27 M/ oy FARMINGTUN 6 M! eg aramr
1 890000 FEET (CENTRALY RA1wW 425 RIE 7915/ w6 111 52430952.30..

= e —— PR | s T B ReT Y e o
T A o 1Y . '/ﬁ.“;"ﬂ‘%wmlf@ o2

") UTaN

SUADRANGLE LOCATION

92 000 FEET
(CENTRAL)
T 2N

TN

*
‘ SCALE 1.26000 ot
1 - [¢] 1 g /
== = e
100¢ ¢ 100C 200 300C 4000 S00C 6000 7000 FEET 15%°
=== e — 0°37 7256 miLs
; [ [ ! KILOWITER 1T miLs 276 s
[————— = —

CONTQUR INTERVAL 2C FEET
DOTTELD LINES REPRESENT 5.FOCT CONTOURS
NATIONAL GEQDEYIC VERTICAL DATUM OF 1929

Attachment 1. Location map.

Utah Geological and Mineral Survey Applied Geology

28



SCHOOLS

29



Preject: Roguesting Agrecy:

Geologic hazards investigation of proposed Kane County
school sites in Big Water (Glen Canyon School District
City), Kane County, Utah
By: D=te: Couaty: Job Na.: (S-l)
Suzanne Hecker 8-16-90 Kane 89-11

USGS Quadraagie:
: Glen Canyon City (22)

PURPOSE AND SCOPE

The purpose of this investigation by the Utah Geological and Mineral
Survey (UGMS) was to evaluate geologic hazards within an 80-acre parcel
of BLM-administered land at the north end of Big Water, also known as
Gle¢ : Canyon City (attachment 1). The parcel was chosen for a high
schzol, a middle school, and two elementary schools. Although the
suitability of the entire parcel was considered, emphasis was given to
a l10-acre site (attachment 1) for initial construction of an elementary
school. The investigation was requested by Tom Willardson, Business
Manager of the Kane County School District (7/25/89 letter and 8/4/89

office visit). The scope of work for this study consisted of a review
of the literature, examination of maps and aerial photographs, and a
field reconnaissance on August 4, 1989. Kimm M. Harty (UGMS)

participated in the field reconnaissance.

GEOLOGY

The 80-acre parcel is located on a stream terrace approximately 200
ft above Wahweap Creek, and is covered by windblown sand deposits
(Waldrop and Sutton, 1967; Doelling and Davis, 1989). Thin, low-relief
alluvial fans at the mouths of two small drainages (not mapped by
Waldrop and Sutton, 1967; not differentiate from mixed windblown and
alluvial sand by Doelling and Davis, 1989) extend into the western and
southern portions of the parcel (attachment 2).

Exposures in a gravel pit about a quarter mile east of the 10-acre
site (attachment 1) provide an indication of the character and
thickness of the near-surface deposits in the parcel. Approximately
5-7 ft of wind-deposited quartz sand, layered into horizons of pink
and white sand, overlie a thick (minimum of about 15-20 ft) segquence
of coarse-grained stream deposits comprised of sand, gravel, and
cobbles. No prominent soil horizons or caliche (indurated carbonate
horizons) were noted in the exposures. However, Waldrop and Sutton
(1967) described terrace deposits in the region as being locally well
cemented by caliche.

Bedrock, which dips to the east along a monoclinal flexture, is
exposed east of the gravel pit in the canyon wall above Wahweap Creek
(Waldrop and Sutton, 1967; Doelling and Davis, 1989; attachment 2).
There, the bedrock lies beneath the surficial (stream and windblown)
deposits at a depth of perhaps 20-30 feet (estimated from mapping by
Waldrop and Sutton, 1967). Doelling and others (1989) estimated the
thickness of the stream deposits exposed in the canyon wall east of
town to be generally 10-12 ft, and locally as much as 20 ft. The depth
to bedrock within the parcel is not known, but is expected to be
generally comparable to that exposed in the canyon wall. The Entrada
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Sandstone lies beneath surficial deposits within the parcel (west of
the concealed contacts of the Dakota Formation in section 11,
attachment 2). The Carmel Formation (interbedded sandstone,
conglomeratic sandstone, mudstone, and shale) may underlie the western
end of the parcel and, together with the Thousand Pockets Tongue of the
Navajo Sandstone and windblown sand, occurs in the source area of the
alluvial-fan deposits.

GEOLOGIC HAZARDS

Wind erosion and redeposition of sand is believed to be the primary
geologic hazard which may affect structures built on the 80-acre
parcel. The sand is presently semi-stabilized by clumps of desert
vegetation, forming coppice dunes. Removal of vegetation could
increase the susceptibility of the sand to movement by the wind and
cause erosion and/or deposition of sand adjacent to structures.

The flood hazard on the parcel is generally low. Precipitation on
the nearly flat surface of the sand-covered stream terrace would
quickly infiltrate because of the high permeability of the deposits.
However, the alluvial fans (attachment 2) may be subject to flash
floods. An east-west-trending swale within the southern portion of
the 1l0-acre site was noted in the field, and may be related to
alluvial-fan drainage.

The landslide hazard is low. The parcel is a quarter mile or more
from the cliff above Wahweap Creek (attachment 1), and all landslide
deposits mapped in the area occur in the Tropic Shale and Straight
Cliffs Formation (which do not underlie the parcel) along the cliff
face on the opposite (northeast) side of the creek (Waldrop and Sutton,
1967; Doelling and Davis, 198%).

Shallow ground water (lec: than 10 ft deep) is not expected to occur
within the parcel, given the presumed thickness and permeability of the
surficial deposits. However, possible occurrences of impermeable
caliche within the stream deposits (Waldrop and Sutton, 1967) could
allow shallow perched water to develop locally. Also, there may be
potential for shallow ground water if bedrock occurs at shallow depths.

The earthquake hazard within the parcel is moderate to low. The
area around Big Water has had a fairly low 1level of historical
seismicity (Arabasz and others, 1987), and surface faults with evidence
for young (Quaternary-age) activity have not been identified in the
region (Anderson and Miller, 1979; Hecker, 1989).

CONCLUSIONS AND RECOMMENDATIONS

The 80-acre parcel, including the 1l0-acre site targeted for
immediate development, is potentially suitable for construction of the
proposed school(s). The following conclusions and recommendations are
based on the information described in preceding sections.

1. Because of potential problems associated with destabilized sand
dunes, care should be taken to avoid unnecessarily disturbing the
natural vegetation during construction and to stabilize impacted
areas, perhaps by planting vegetation or paving.

2. The flash flood hazard is generally 1low, but is greater in the

western and southern portions of the parcel where alluvial fans
occur (attachment 2). If construction proceeds in these areas,
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flood mitigation measures should be considered.

3. Neither shallow ground water nor shallow bedrock are anticipated to
occur within the parcel. However, a detailed soil foundation study
should be performed at the selected site(s) prior to construction
to determine soil properties and ground-water conditions. If
bedrock is encountered, it is likely to be Entrada Sandstcne and
difficult to excavate. If shale or mudstone of the Carmel Formation
is encountered (at the west end of the parcel), it may be weathered
and easily excavated, but may contain expansive clays requiring
special foundation design. Alluvial-fan deposits derived from the
Carmel Formation may likewise contain expansive clays.

4. The area 1lies within Uniform Building Code (UBC-1988 edition)
seismic zone 2B, but is near the boundary with seismic zone 1.
Because schools are considered critical facilities, construction
should comply with specifications for zone 2B.
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Project: Rogquesting Agency:
Geologic hazards investigation of a proposed Daggett County
High School site, Manila, Daggett County, Schoeol District
Utah
By: Date: County: JobNe.: (S=-2)
W.E. Mulvey 10-10-89 Daggett County 89-13
USGS Quadrangle:

Manila (1277)

INTRODUCTION

The Daggett County School District is selecting a site for a new
high school building in Manila, Utah. The existing building has
experienced damage due to differential settlement of the foundation and
is being replaced. At the request of the Daggett County Board of
Education, the Utah Geological and Mineral Survey (UGMS) conducted a
geologic hazards investigation of the site for the new school building.
Located at 200 North Street and 100 West Street, (section 13, T. 3 N.,
R. 19 E. Salt Lake Baseline and Meridian), the site covers about 2
acres and is presently the parking lot immediately east of the old
school building (fig. 1).

The scope of work included a review of pertinent literature, and
a field investigation including excavation of five test pits at the
site on September 15, 1989. Ron Kendrick of the Daggett County School
District was present during the field investigation.

GEOLOGY AND GEOLOGIC HAZARDS

The geology of the site vicinity is shown on figure 2 (Hansen and
Bonilla, 1956). The site is covered by alluvium varying in thickness
from one foot or less to more than seven feet (fig. 2; appendix 1).
The alluvium is derived from erosion of the Wasatch Formation in

hillslopes to the west. It is composed of sands, silts, and some
gravel. In test pit 3 in the northeast corner of the site this deposit
'is seven feet thick (fig. 3; appendix 1), perhaps representing a

topographic low in the underlying rock that was filled by the alluvium.

Beneath the alluvium and over the entire site are weathered
sandstones of the Wasatch Formation. These sandstones were found in
four of the five test pits (fig. 3; appendix 1). The Wasatch Formation
ranges in color from reddish-orange to yellow and gray. It varies
greatly in composition and resistance to weathering, belng both easily
erodible and a resistant cliff-former. This variability is visible at
the site. Resistant layers crop out east of the existing building and
in the center of the parking lot. Less resistant rock has been graded
to construct most of the parking area.

Dips measured on beds 1n the Wasatch Formatlon in three of the five
test pits range from N. 30° w. to N. 36° w. Hansen and Bonilla (1956)
also measured dips near the site of N. 40° w. indicating that the
predominant dip of the Wasatch Formation at the site is to the
northwest. They also mapped the Henrys Fork fault immediately west of
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the school site in the Wasatch Formation and determined it to be post-
Eocene in age (57 to 36 million years ago).

Geologic hazards do not appear to pose significant problems at the
site.Recent mapping of Quaternary faults in Utah by Anderson and Miller
(1985) and Hecker (in progress) show no evidence of recent surface
faulting on or near the school site. This indicates that the hazard
from surface fault rupture is 1low. The town of Manila is in the
Unified Building Code (UBC) zone one, the zone of lowest earthquake
risk in Utah, where damaging earthquakes are not likely to occur (UBC
1988 edition). The potential for associated hazards induced by
earthquakes such as ground shaking and liquefaction is likewise low.
The potential for damage to the structure from slope failure, rock
fall, and flooding is also low.

GROUND WATER

Information pertaining to ground water in the Manila area is
limited, consisting only of general statements about the aquifer
potential of the Wasatch Formation. Aquifer potential of sandstone
and conglomerate beds within the formation is low due to their low to
moderate permeabilities (Schlotthauer and others, 1981). The Wasatch
Formation dips to the northwest, potentially directing water away from
the site. However, the porous nature of the sediments and the
possibility of fault-induced fractures could allow water to enter the
building's foundation (fig. 2).

Permeability in the rock units can also be influenced by fracturing,
and all rocks in the area display fractures. Immediately north of the
site the Wasatch Formation is displaced by the Henry's Fork fault (fig.
2). Faulting generally increases the number and size of fractures
within the rock, effectively increasing rock permeability. In many
places ground water surfaces as springs along fault traces. The area
north of the existing school has had perennial seeps or springs before
and after construction of the old school (Dr. V. S. Barney, oral
commun., 1989). These springs and seeps may be the result of ground
water moving along the fault or fault-generated fractures in the
Wasatch Formation. Water tolerant plants are present to the north of
the school and new school site along the Sheep Creek Canal. They may
represent leakage from the canal, or seepage from the fault trace, on
which the canal is built (fig. 2). This is supported by the fact that
the existing high school building has experienced perennial ground-
water problems (Karren, 1989; Kendrick, oral commun., 1989). In a
structural engineering investigation, Karren (1989) states "ground
water often ran across the floor of the boiler room, the west side of
the lunch room, equipment room north of the kitchen, and the storage
room neorth of the shop". Water seepage has also been observed
immediately north of and on the site for the new school building. No
ground water was observed in test pits in this area, but this may be
because this investigation was performed during is the driest time of
the year.

FOUNDATION CONDITIONS
Foundation problems at the existing building may result from
differential settlement caused by the variable composition and
resistance to weathering of the underlying Wasatch Formation. However,
the problems could also relate to improperly compacted fill beneath the
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structure. Exploratory test pits showed that rock at the new site
ranges from relatively fresh to highly weathered sandstone and silty
sandstone. Consolidation characteristics of these units will vary and,
if the foundation is not engineered properly, may cause problems
similar to those at the existing building.

Another potential foundation problem involves settling of materials
overlying the abandoned buried trench-type wastewater disposal system
in the northwest corner of the building site. Constructed to filter
wastewater, this drainfield is porous and loosely compacted. When
loaded, it may settle differentially. Blueprints for the existing
school originally served by the system showed the system was only two
feet deep.

CONCLUSIONS

No geologic hazards were found at the site which would endanger the
structure or preclude its construction. However, this reconnaissance
investigation indicates that foundation conditions at the site are
similar to those at the existing high school, and have the potential
to cause similar differential settlement problems if not considered in
foundation design. Shallow ground water flooding of the new building
through fractures in rock or from seepage from springs or the Sheep
Creek Canal is also a potential hazard particularly in light of the
history of problers at the existing site. It is recommended that a
thorough soil foundation investigation be performed to address these
problems. One solution may be to excavate soil and weathered rock over
the entire site, including the abandoned wastewater disposal system,
and replace it with properly compacted £ill. It would also be wise to
provide a drainage system in the foundation to collect ground water and
to direct it away from the structure.
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Appendix 1

MANILA SCHOOL SITE TEST PITS

Test Pit 1
0.0'= 1.0' Fill material; buff to tan, sand and gravel.

1.0'- 3.0' Silty sand (SM); red-orange, medium to high density, low
plasticity, dry; 15 percent fines, crude bedding, weak
cementation, strong reaction to HCL, no odor, roots
throughout the deposit, some carbonate nodules;
weathered Wasatch Formation sandstone.

3.0'- 3.7' Clayey sand (SC); variegated pink to orange, medium to
high density, low to medium plasticity, dry; 15 percent
fines, crude bedding, strong reaction to HCL, no odor,
roots throughout the deposit, carbonate nodules;
weathered Wasatch Formation sandstone.

3.7'- 5.0' Wasatch Formation (Tw):; purple to red, silty
sandstone, moderate reaction to HCL, fractured,
friable, bedding apparent, carbonate stringers, roots
penetrate through horizon, highly weathered.

Test Pit 2

0.0'- 2.0' Wasatch Formation (Tw); tan to gray, sandstone, no
reaction to HCL, no bedding, roots throughout
hor%zon, apparent dip at contact with unit below, N.
26°7", very highly weathered sandstone can be removed
with hand.

2.0'- 5.5' Wasatch Formation (Tw):; maroon to brick red, silty
sandstone, low reaction to HCL, fractured, friable,
bedding apparent, carbonate stringers, roots penetrate
through horizon, highly weathered, apparent dip
N. 26°W., same unit as in base of test pit.

Test Pit 3

0.0'- 7.1' Poorly graded sand (SP); buff to orange, medium density,
non plastic, dry, 5 percent fines, no structure, ncn-
cemented, strong reaction to HCL, no odor, carbonate
ccatings on clasts, clasts are sandstone, roots
penetrate throughout horizon; unit is alluvium derived
from erosion of Wasatch Formation.

Test Pit 4

0.0'- 1.0' Fill; reddish orange, sands and gravels.
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1.0'- 2.3' Poorly graded sand (SP); white to buff, low density,
nonplastic, 5 percent fines, no structure, non-
cemented, weak reaction to HCL, no odor, roots
penetrate throughout horizon, apparent dip at contact
with unit below is N. 32° W., weathered
Wasatch Formation.

2.3'-4.0' Wasatch Formation (Tw); white to buff, sandstone,
strong reaction to HCL, bedding apparent, carbonate
nodules, roots penetrate throughout horizon, apparent
dip at contact with unit above N. 32~ W.,
excavation difficult.

Test Pit 5

0.0'- 0.6' Fill:; brown, sand and gravel.

0.6'- 2.5' Wasatch Formation (Tw):; sandstone, tan to orange,
strong reaction to HCL, bedding apparent, carbonate

nodules and stringers, roots penetrate throughout
horizon, excavation difficult.
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Project: Roguesting Agracy:
ﬁreliminary evaluation of the potential for Wellsville
ontamination of Wellsville City springs by City
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Hevelopment at Sherwood Hills, Cache County

By: Dat: County: JeNe: (WS-1)
ictenso 6-5-89 Cache ~_89-07

‘ USGS Quadrungie: .
: Mt. Pisgah (1420)

INTRODUCTION

At the request of Don Hartle, Wellsville City Manager, an
investigation was made of the area around the Wellsville City springs
(Leatham Springs, SWl1/4 sec. 17, T. 10 N., R. 1 W., Salt Lake Baseline
and Meridian) about 3 miles west of Wellsville in Wellsville Canyon
(fig. 1). The purpose of the investigation was to assess the potential
effect on water quality of proposed residential development at Sherwood
Hills about 3/4 mi south of the springs. Sherwood Hills plans about 30
new single-family homes in the areas shown in figure 1, 25 south and 5
north of the existing lodge, condominiums, and restaurant. All
wastewater from existing facilities is disposed in a large community
soil absorption field beneath the nearest fairway (hole no. 1) in the
golf course several hundred feet east of the structures. The new homes
will only be occupied seasonally (second homes), and will also use
individual soil absorption systems to dispose of wastewater.

The scope of investigation included a literature search, field
reconnaissance, inspection of existing excavations and outcrops, and
discussions with those involved in the project. Mr. Hartle and Brad
Harvey, Utah State Health Department, were present during parts of the
field investigation on May 18, 1989. Dr. Craig Forester, Utah State
University Department of Geology, contributed some helpful suggestions
in evaluating the ground-water system.

GEOLOGY AND SOILS:

Figure 2 includes a generalized geologic map (Williams, 1958;
Davis, 1985) and cross section to show the relationship between
geologic units, springs, and topography. Bedrock in the area consists
chiefly of Paleozoic sedimentary rocks, including limestone, dolomite,
shale, sandstone, and quartzite. The predominant rock types are
limestone and dolomite, and these are probably the principal bedrock
aguifers (Mundorff, 1971; Rice, 1987). Bedding in the rocks strikes
approximately northwest and dips steeply to the northeast (fig. 2). a
road cut near the springs exposes a shear zone (fault) and associated
joints trending N 30o W (dip 660 SW). The zone trends through the
spring area and parallels the east side of the valley.

The bottom of Wellsville Canyon is covered by unconsolidated
Quaternary deposits, chiefly alluvium, of unknown thickness. At
Sherwood Hills, these are very coarse-grained alluvial-fan deposits.
Test pits along the water line from the springs to Sherwood Hills
(excavated earlier this year to look for water-line leaks) exposed a
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Figure 1. Location map showing Wellsville City springs (Leatham Springs) and
proposed areas of development at Sherwood Hills.
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thick (average 2 feet) organic horizon at the surface overlying clayey,
sandy gravel with cobbles to the bottom of the test pits (about 4-5
feet deep). These soils become finer-grained toward the springs. John
Booth, co-owner of Sherwood Hills (oral commun., May 18, 1989),
indicated that the soils in the area of the existing soil absorption
system are very rocky, and the infiltration rates at the resort are
high as evidenced by loss of water from a leaking water reservoir, and
rapid infiltration of water when draining swimming pools. These
observations are confirmed by the U.S.D.A. Soil Conservation Service
soil survey of Cache County (Erickson and Mortensen, 1974) which
indicates well-drained, moderately permeable, coarse-grained soils at
the site.

Unconsoclidated alluvium in the valley reaches a maximum exposed
thickness of at least 200 feet near the springs, and thins toward the
mountain front and Sherwood Hills area (fig. 2). The alluvium at the
surface is underlain, at least along the axis of the valley east of
Sherwood Hills, by an unconsolidated fine-grained white clay bed
exposed in road cuts between the Sherwood Hills turnoff and the
springs. This bed is probably of low permeability, but it is unlikely
that it extends beneath Sherwood Hills. The total thickness and type
of soil at depth at Sherwood Hills is not known. No water well logs
are on record at the State Engineer's office, and no other subsurface
data are availatle.

GROUND WATER

Water at the springs is collected in perforated pipes buried 10-20
feet in unconsolidated deposits along stream channel bottoms in the
spring area. Flow measurements taken from April, 1988, to present by
Don Hardle ranged from maxima in late spring of around 650 gallons per
minute (gpm) (May, 1988) and 875 gpm (April, 1989), to a minimum of
around 400 gpm in late summer (1988). These measurements were taken
during low-precipitation years, and older records indicate greater
flows (1170 gpm on June 5, 1956; Mundorff, 1971).

The potential recharge area above the springs is underlain by
bedded sedimentary rocks and unconsolidated alluvium. To understand
the ground-water system and the source of recharge for the springs, it
is important to determine whether the water comes chiefly from bedrock
or unconsolidated alluvial aguifers. Although this cannot be
determined from existing data, several inferences can be made.

Rice (1987) studied recharge to ground-water systems in the nearby
Dry Lake and Mantua areas, and determined that 49 percent of the annual
precipitation goes to recharge ground-water aquifers. This amounts to
12.2 to 14.7 in. of annual recharge, and assuming that this applies
here as well, a total annual recharge to the approximately 1.5 square
miles of alluvium in the bottom of the canyon can account for about 600
to 700 gpm of spring flow. Because this is nearly equal to the
measured flow, it is possible that the springs are fed chiefly by
recharge to alluvium, and that it is the principal aquifer discharging
at the springs. In such a ground-water system, water infiltrates into
the alluvium and percolates downward into a shallow, unconfined water
table, perhaps perched on the less permeable underlying bedrock. It
then flows downgradient toward the lowest point in the aquifer and
discharges at the springs. To derive a greater understanding of flow
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in such a system, monitoring wells in the alluvium would be required.
These wells could yield information on the saturated thicknesses of
alluvium and elevation of the water table, and from these the quantity
of water stored in the system and direction of flow could be estimated.

Despite the fact that calculated recharge to the alluvium can
account for most flow at the springs, it is probable that at least some
of the recharge to the springs is from deeper circulation through
bedrock agquifers. The principal bedrock aquifer supplying the springs
would be unit M (fig. 2), which is chiefly limestone. Bedrock is
exposed in a road cut south of the lower spring collection box, and
bedrock is likely to be very shallow in the spring area. A fault zone
and relatively impermeable rock layer (shale at the top of unit M, fig.
2) are found in the spring area, and both may direct water from bedrock
aguifers to discharge at the springs. The various bedrock layers in
the recharge area probably interconnect along throughgoing fractures
and form a single, unconfined bedrock aquifer with water moving along
bedding planes and fractures. It is unlikely that primary rock
permeability is significant in comparison to fracture permeability,
particularly in limestone aguifers (Rice, 1987). The amount of
interaction between bedrock and alluvial aquifers in unknown. The
cross section in figure 2 shows possible ground-water flow paths to the
springs.

POTENTIAL FOR CONTAMINATION OF SPRINGS

The Bear River Health Department reports that no contamination of
the springs has been observed due to wastewater disposed at Sherwood
Hills to date (Joel Hoyt, oral commun., May 17, 1989). Because soils
at Sherwood Hills are coarse grained with little filtering capacity,
the ground-water system in the area is relatively susceptible to
contamination. However, soils become finer grained toward the springs,
and contain more silt and clay important for the renovation of
effluent. The lack of contaminaticn to date is probably due to the
great distance of travel (about 3/4 mi), dilution of effluent in the
ground-water reserveir, and renovation by finer-grained scils as the
water moves toward the springs.

Mr. Hartle indicated that Sherwood Hills presently uses about 2
million gallons (mg) of water per month, or about 24 mg/yr. The
percentage of this amount that is disposed as wastewater in the soil
absorption system is not known, but the total water used accounts for
about 5-10 percent of the average annual spring flow of approximately
300-400 mg/yr. 1If the proposed 30 homes were permanently occupied and
each used 8400 gallons/week (estimated for a three-bedroom home in an
urban area using guidelines from the Utah State Health Department),
this would add an additional 13 mg/yr, or about half again as much as
is presently disposed. This is not a major increase, and it is a
maximum because these homes will only be occupied seasonally and not
all the water used will be contaminated and disposed in the soil
absorption system. Although it cannot be determined how much
additional wastewater may be disposed in the area before the effects
are detectable at the springs, these rough calculations and the lack of
contamination to date from the large drainfield, which is closer to the
springs than most of the proposed systems, indicate that it is possible
that the proposed homes around the lodge will not significantly affect
water quzlity. However, because of the relative susceptibility of the
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ground-water system to contamination and lack of natural safeguards to
protect it, the possibility of contamination cannot be ruled out.

RECOMMENDATIONS

If the proposed developnment is permitted, it is recommended that
special attention be given in approving individual soil absorption
systems to see that percolation rates and depths to ground water comply
with State and District Health Department regulations. It is possible
that percolation rates in some areas may be too high to meet
requirements for soil absorption systems, and health officials may wish
to consider more strict requirements if percolation rates are uniformly
high and near the upper limit allowed.

The State is presently working on developing a wellhead protection
program to provide for the protection of public water supplies. The
program would apply to both springs and wells, and provide guidance in
defining protection zones. At this point, the only existing regulation
requires a 1500-foot protection zone upgradient from the springs, and
we believe that as a minimum this should be enforced at the Wellsville
City springs until more information is available to better define a
protection zone.

The conclusions and recommendations included in this report are
preliminary and based on very linited information. To make a more
definitive determination of the potential for contamination, several
types of investigations could be undertaken. A ground-water tracer
could be introduced into the soil absorption field presently serving
Sherwood Hills, and if it was detected at the springs could help to
determine flow paths, velocities, and perhaps dilution factors.
However, an approximate calculation of flow time through alluvium from
Sherwood Hills to the springs, assuming average hydraulic
conductivities and porosities for gravel as given in Freeze and Cherry
(1979), indicates that it may take up to several months. Because of
this and the possibility that finer grained soils along the flow path
may greatly increase this time, this technique has a low likelihood of
success.

Subsurface exploration at Sherwood Hills and between the resort and
the springs to determine the thickness and types of unconsolidated
deposits and depth to water would be helpful. Such an investigation is
expensive, but would yield valuable data regarding flow directions, the
ability of soils to renovate effluent, and possible interactions
between bedrock and alluvial aquifers. Detailed analysis of water
chemistry by a hydrochemist may also help to define recharge areas and
residence times for this ground-water system.
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of a spring in Center Creek Canyon, Health Department
Wasatch County
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Gary E. Christenson 6-21-89 Wasatch 89-10
USGS Quadrangle: .

Center Creek (1126)

INTRODUCTION

At the request of Phil Wright, Wasatch County Health Department,
an investigation was made of a spring in Center Creek Canyon which
the unincorporated community of Center Creek would like to use in its
culinary water system. The spring is along the east side of the
canyon in the SW1/4 sec. 24, T. 4 S., R. 5 E., Salt Lake Baseline and
Meridian (fig. 1). The purpose of the investigation was to determine
geologic and hydrologic conditions to provide information for
delineation of a protection zone around the spring to aid Center
CreeXk in protecting the water gquality. At present, no specific plans
for development near the spring exist, but it is anticipated that
homes with septic tank soil absorption systems may be proposed for
the canyon bottom area within the 1500-foot upgradient protection
zone defined under State Heath Department gquidelines.

The scope of work included a review of literature, air photo
interpretation, and field reconnaissance. LeRoy Sweat and John
Kocinski of the Center Creek Culinary Water System and Mr. Wright
were present during the field investigation on June 12, 1989.

GEOLOGY

The spring is on the east side of Center Creek Canyon at the base
of the fill emplaced for the main road providing access along the

east side of the canyon (fig. 1). Bedrock in the canyon wall in this
area is quartzite of the Wallsburg Ridge Member of the Oquirrh
Formation (fig. 2). Bedding dips moderately to the north and

northeast (Baker, 1970). Although no outcrops are present near the
spring, the rock is believed to be highly fractured as indicated by
the cobbly and bouldery talus accumulations above the spring. Rocks
of the Keetley Volcanics (rhyodacite and andesitic tuff and breccia)
are also present in the potential recharge area of the spring north
of Center Creek (fig. 2). No detailed geologic mapping has been
completed in the area, so little more is known of the bedrock

geology.

The floor of Center Creek Canyon is covered by gravelly alluvium.
Two wells are present in the vicinity of the springs, and the depth
to bedrock (thickness of alluvium) varies from 70 to 98 feet (fig.
1). Center Creek is incised 6-8 feet into the alluvium, and flows
along the opposite edge of the valley from the spring. Just south of
the spring an alluvial fan at the mouth of a small eastern side-
canyon has forced Center Creek to the west side of the valley. The
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canyon bottom is flood irrigated, and water was flowing in irrigation
ditches at the time of the investigation.

GROUND WATER

In order to delineate a protection zone for the spring, the
recharge area and potential zone of influence must be determined.
Although no record of flow at the spring has been kept, LeRoy Sweat
(oral commum., June 12, 1989) indicated that it flows year-round and
was measured at about 90 gallons/minute earlier in the year.
Although annual fluctuations have not been recorded, Mr. Sweat
indicated that he has not noted any increase in flow during the
irrigation season and believes flow to be constant with little
variation. Water gquality analyses indicate that the water meets
drinking water standards.

The spring occurs at a location in the valley bottom near the toe
of the alluvial fan depos ted from the eastern side-canyon south of
the spring. Phreatophyte vegetation and grass in the valley bottom
downstream from the spring and fan toe indicates that shallow ground
water is present in the alluvium. The well near the spring (well 2,
fig. 1) reported a depth to water of 12 feet at the time of drilling,
with a static water level of 3 feet after completion on September 11,
1971. This is interpreted to indicate that the depth to the water
table in the unconfined alluvial aquifer is 12 feet, but that water
in a confined agquifer under artesian pressure was encountered deeper
in the hole. A test well drilled in the same general area (exact
location unknown) recorded a depth to water of 12 feet, and a well
downstream about a mile recorded a depth to water of 16 feet (well 1,
fig. 1). There is thus a shallow water table in alluvium, probably
recharged by irrigation, flow from side canyons, and spring flow.
The rcle of Center Creek may change annually from a drain during the
irrigation season to a source of recharge during dryer times of the

year.

The shallow alluvial aquifer is not, however, the likely source of
flow at the spring. Because of its location at the canyon margin
slightly above the valley bottom, and the reported constant flow with
no noticeable increase during flood irrigation, the spring is
believed to be discharging from a bedrock aquifer and not the valley-
bottom alluvial aguifer. The recharge area is then chiefly in the
hills on the east side of Center Creek Canyon. Although the
boundaries of the recharge area are unknown, the aquifer feeding the
spring is likely fractured bedrock of the Oquirrh Formation. This
formation yields water to wells and springs elsewhere (Baker, 1970),
and is believed also to be the aquifer tapped by wells in the valley
bottom causing the artesian pressure in well 2 near the spring (fig.
1). The presence of the spring indicates a water level in the rock
agquifer above the perforated interval in the well (20-143 feet),
possibly accounting for the rise of water in the well above the water
table in the unconfined alluvial aquifer.

SPRING DEVELOPMENT AND PROTECTION ZONE

If the spring is to be developed as a culinary water source, care
will be reguired to ensure that it does not become contaminated. To
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reduce the possibility that water will be collected from the shallow
alluvial aquifer, collection lines and structures should be placed at
the present elevation of the spring rather than being buried in the
valley bottom. If lines are placed at an elevation below the present
spring, it is possible that they will tap the alluvial aquifer as
well as the bedrock aquifer, greatly increasing the potential for
contamination and requiring the protection zone to include the
portion of the 1500-foot protection zone on the valley bottom from
Center Creek to the road on the east side of the valley.

The spring is already in an area with a high potential for
contamination from the road, an irrigation ditch along the fence on
the west side of the road, and from cattle in pastures in the hills
above and east of the spring. The 1500-foot protection zone above
the spring east of the road is needed. If the spring is developed
such that only the flow from rock is captured and lines are above the
present valley floor, it will probably not be necessary to protect
valley bottom areas except along the road at and above the spring.
The irrigation ditch between the road and the fence southeast of the
spring will need to be abandoned or diverted well upstream to ensure
that infiltration from the ditch does not recharge the spring. It
would be prudent to define a protection zone in the valley bottom
along the road and base of the hill upstream from the spring to
minimize the potential for contamination. The width and upstream
extent of the zone cannot be determined without a detailed knowledge
of ground-water conditions, but it probably need not extend more than
50-100 feet west of the road for 1500 feet upstrean.
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INTRCDUCTION

The purpose of this study, requested by Robert H. Lee, Beaver City
Mayor, is to assess potential impacts on spring flow in the southwest
part of Beaver City that may occur as a result of Beaver City changing
from a open-ditch irrigation system to a piped pressure irrigation
system. Beaver City is located in Beaver Valley just west of the
Tushar Mountains in southwestern Utah (attachment 1). The scope of
work included a 2-hour field investigation of the area on November 9,
1989, and a literature review, Mayor Lee and Conrad Grimshaw, City
Councilman, were present during the field investigation. During the
literature review it was determined that Palmer Wilding, Consulting
Engineers, had already investigated the potential impact that changing
to a pressure irrigation system by Beaver City might have on the
spring-fed Beaver Fish Hatchery, and that, to some extent, the
conclusions reached by Palmer Wilding probably apply to other springs
along the southwest margin of Beaver City as well.

HYDROGEOCLOGIC SETTING

Adobe Slough and Big Slough are the principle spring-fed drainages
in the southwest portion of Beaver City. The springs are located near
the contact between late Pleistocene (10,000 - 125,000 years before
present) terrace alluvium (Qty, attachment 2) and Holocene (0 - 10,000
years before present) flood-plain alluvium (Qfp, attachment 2). The
terrace alluvium consists of medium to coarse sand and bouldery gravel
deposits that form a low terrace which is slightly elevated above the
flood-plain alluvium and which was formed by the coalescing late
Pleistocene flood-plains of the Beaver River and North Creek (Machette
and others, 1984). The Holocene flood-plain alluvium consists of
coarse sand and bouldery gravel deposits of the Beaver River which form
the broad, slightly dissected surface southwest of Beaver (Machette and
others, 1%84). Numerous seeps and springs indicate that the ground-
water level is near the ground surface in the Holocene flood-plain
alluvium. Marsh deposits have also been identified in the flood-plain
alluvium (Machette and others, 1984), indicating that shallow ground
water may have been present in the area during much of Hclocene time.
Attachment 3 is a block diagram illustrating ground-water conditions
in Beaver Valley. Beaver City would be located on the terrace in the
foreground near the base of the Tushar Mountains. As shown on
attachment 3, the source of water flowing from springs feeding Adobe
Slough and Big Slough 1is perched and water-table aquifers which
intercept the ground surface at the base of the late Pleistocene
terrace alluvium.
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EVALUATION OF CONCLUSIONS IN THE 1982 PALMER WILDING REPORT

The U. S. Geological Survey (Mower, 1978) determined that the
irrigation efficiency of Beaver River irrigation water, applied using
flood-irrigation methods, was 27 percent and that 73 percent went to
recharge the ground-water reservoir. Based on a graph taken from a
Division of Water Resources feasibility report, which assumes that the
availability of a pressure irrigation system will result in a change
from flood irrigation to sprinkler irrigation, Palmer Wilding estimated
that the irrigation efficiency of sprinkler-irrigation water would be
60 percent and that a maximum of 40 percent could go to recharge the
ground-water reservoir.

Palmer Wilding determined from flow measurements taken in 1979 at
the Beaver Fish Hatchery, and from the potential irrigation diversion
by Beaver City (based on water rights), that during low-flow periods
springs and city drains accounted for 25 to 30 percent of streamflow
at the fish hatchery. During the irrigation season, Palmer Wilding
determined that springs and city drains accounted for 50 to 60 percent
of streamflow at the fish hatchery. The lag time between the beginning
of irrigation and significant increase in discharge from the drains and
springs was determined by Palmer Wilding to be about 2 to 4 weeks.

Apprcoximately 4 to 9 cubic feet per second flowed through the
Beaver Fish Hatchery during the 1979 irrigation season (Palmer Wilding,
1982). Based on the information provided above, Palmer Wilding
concluded that a change to a pressure irrigation system using
sprinkler-irrigation application methods could theoretically reduce
flow at the fish hatchery during the irrigation season to 1 and 2 cubic
feet per second.

Although, based on the information in the report, the conclusions
reached by Palmer Wilding appear reasonable, the effect of changing to
a pressure irrigation system may have been overestimated because of
their assumptions that:

1) all of the irrigation diversion rights available to Beaver City
in 1979 were being used by the city within the area which will now go
to pressure irrigation. Not all of the water flowing in the City Ditch
is used for irrigation (Conrad Grimshaw, oral commun. 1982). Some of
the water eventually reaches other canals, sloughs, and ultimately the
Beaver River as surface flow. Seepage from the canal bottoms was
determined by the U. S. Geological Survey to be only 2.4 percent of the
available water, therefore little of any unused irrigation water would
have gone to recharge the ground-water reservoir.

2) the cCity Ditch was the only irrigation canal contributing to
spring flow reaching the Beaver Fish Hatchery. The City Ditch is not
the only irrigation canal up gradient (northeast) of springs issuing
from southwest Beaver City. Attachment 4 shows the location of some
of the other canal systems in the vicinity of Beaver City. Some
existing irrigation canals, such as the Willis Ditch, are not shown on
attachment 4. Other canals, including the Mammoth Canal which carries
more water than the City Ditch (Cruff and Mower, 1976), are also
contributing water to the ground-water reservoir. Also, water derived
from seasonal spring runoff may be contributing to the ground-water
reservoir during the high spring-flow period.

3) the same number of people will use the pressure irrigation
system that used the open-ditch irrigation system and that everyone
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will <change to sprinkler-irrigation application methods. Many
residents currently living in Beaver City do not maintain green lawns,
probably because of the problems associated with using the current
open-ditch irrigation system (Conrad Grimshaw, oral commun., November

9, 1989). Some of these residents are likely to use the pressure
irrigation system in the future due to the relative ease of
application. Some of the residents may continue to use flood-

irrigation methods after the change to a pressure irrigation system.
RECOMMENDATIONS

Geologic evidence indicates that shallow ground water probably
existed in the Beaver City area prior to the start of irrigation by
man. Irrigation in the Beaver City area has probably increased spring
flow, particularly during the irrigation season. Although it is
possible that changing from an open-ditch irrigation system to a piped
pressure irrigation system will result in lower summer spring flows,
the resulting lower spring flow may not be as much as indicated in the
Palmer Wilding report.

To document the actual effect of changing irrigation systems once
it has occurred, it would be necessary to monitor spring flow at
several locations before ani after the change. Several locations were
identified during the November 9, 1589, field investigation that could
be used as monitoring points without having to construct flumes. The
quantity of water pumped from wells and amounts of precipitation in the
Beaver City area for a period before and after the change would also
have to be monitored and factored into the analysis.

To estimate in advance the actual reduction of spring flow caused
by changing water systems, it would be necessary to work out a complete
water balance for the springs and to define recharge areas and aquifer
flow directions. Hydrographs for springs showing discharge as a
function of time, records of amounts of irrigation flow and schedule
of flow in canals and ditches, and records of precipitation and well
purmping rates would need to be collected. Placement of piezometers in
the agquifer with mapping of water-table changes during irrigation would
also be helpful in evaluating recharge areas, flow directions, and how
much irrigation presently contributes to flow at each spring. Once
that 1is done, estimates of changes in the amount and efficiency of
irrigation with the pressure system would need to be made and the
resulting difference calculated.
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DESCRIPTION

Undivided flood-plain alluvium (Holocene) — Light-brown to light-gray, medium
to coarse sand and pebbly to bouldery gravel. Forms broad, slightly dissected
surface along Beaver River and North Creek, and toward Tushar Mountains
fills narrow channeks cut in older alluvial deposits. Numerous seeps and springs
indicate that ground-water level is near suriace of unit along Beaver River.
Abso includes thick beds of sik and fine sand containing abundant organic maner
and caldum carbonate that fill deeply excavated channels along lower pans
of Wiidcat and Indian Creeks and their tributaries. These beds were deposited

. in a marsh environment. Thickness at least 5 m, base covered

f} ' Qty.\3  Young terrace alluvium (upper Pleistocene) — Light-brown to bght-reddish-brown,

medium to coarse sand and pebbly to bouldery gravel. Forms broad, slightly

§ I3 elevated and coalesced former flood plains of Beaver River and North Creek
5 near Beaver, and downstream forms terrace 5 ~ 6 m above modern floodplain
-‘i of Beaver River, near Adamsville (3 km west of quadrangie). Near Mander-
L otapoaitdheiny fleld, terrace s 3 -5 m above Indlan Creek. Soil has weak argillic B horizon

and Cca horizon, but near Beaver is generally noncakareous or only weakly
cakcareous {stage | of Gile and others, 1966) because of high water table.
Mainly glaclal outwash and associated alluvium of most recent major glacia -
tion, the Pinedale, which may have ended about 12,000 to 15,000 yrs ago
in this region. Major source of high-quality sand and gravel. Thickness 2-4
m; more than 4 m along Beaver River and North Creek

- FAULT~Dashed where approximately located; dotted where concealed. Bar and
bal on downthrown side.

Artachment 2. Geologic map of Beaver Gity area, Utah (modified from Machette and
others, 1964).
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(WS-3)

Yortical scaie grestly szsgperated

Sketch illustrating general location of recharge areas, types
of occurrence, location of water table, direction of ground-water
movement, and discharge points in Beaver Valley. Well at right
withdraws only from partly consolicated material; well at left,
like most large-yielding wells in the valley, withdraws water from
both the unconsclidated and the partly consolidated material.

Artachment 3. Ground-water conditions in Beaver Valley, Utah (from Mower, 1978).
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Attachment 4. Map showing location of some of the irrigation canals and ditches in the
Beaver City area. Utah (from Cruff and Mower, 1976).
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Regquesting Agency:

Preject: i
Preliminary geclogic investigation for Wasatch Wasatch County
County Mmicipal ILandfill site, North Western Health Department
Heber Valley, Wasatch County, Utah

By: Date: County: Job Neo.: ( Sw-1 )
William E. Mulvey 12-21-88 Wasatch 88-07

USGS Quadrangle: ]

Heber City (1168)

INTRODUCTION

Wasatch County is currently locking for a new sanitary landfill site following
closure of their existing one on November 1, 1988. Phillip Wright of the Wasatch
County Health Department (WCGHD) requested that the Utah Geological and Mineral Survey
(UaMS) investigate a parcel of lamd in northwestern Wasatch County as a potential site
for the new landfill. The parcel is in the northwestern part of Wasatch Mountain State
Park two miles south of the Jordanelle damsite at the northern end of the Heber
Valley. It encampasses sections 12 and 13 in T. 3 S., R. 4 E., Salt lake Baseline and

Meridian (fig 1).

The purpose of this investigation was to assess the geologic and hydrologic
suitability of the area for a lamdfill., Principle geologic cancerns in landfill
siting are to avoid contaminatian of surface and grourd water and to minimize cost of
design, construction, and operation caused by adverse soil corditions and geologic
hazards, The scope of werk included a review of pertinent geoclogic and hydrologic
literature covering the proposed landfill site, and a brief reconnaissance survey of
the property on November 16, 1988.

SETTING

The eastern part of the parcel is in the modern flood plain of the Provo River.
In section 12 elevations rise westward onto a bench amd low ridge (fig. 1). The bench
forms a broad surface that slopes gently to the east, rising to the ridge crest in the
west. The majority of section 13 is a ridge that trends east-west, bordered on the
east by the Provo River and the west by the Dutch Hollow drainage. The right-of-way
for rercuted U.S. Highway 40 follows the eastern edge of section 12. Four ephemeral
drainages cross the parcel, axd the Provo River flows through the eastern part of
section 13. Elevations range from 6700 feet at the ridge crest to 5800 feet on the:
Provo River flood plain. Vegetation is mostly sage brush, scrub oak, and maple with a
few cottorwood trees along the river bottaom.

GEOLOGY

The parcel can be broken inmto areas daminated by bedrock at the surface and areas
covered by unconsolidated surficial deposits. It is wderlain by four formations
vhich are exposed in the western part of section 12 and throughout sectian 13.

These are the Pemnsylvanian Weber Quartzite and the Triassic Park City Formation,
Wocdside Shale, and Thaynes Formation (fig. 2). The Weber Quartzite is a gray to tan
weathering quartzite and sandstone that forms the ridge crest in the western part of
the two sections. The Park City Formation is a gray-weathering limestone with same
tan and orange sandstone interbeds that form steep slopes just below the ridge crest.
A small part of both sections 12 and 13 is urderlain by the Woodside Shale, a dark
purple/red shale, siltstone, and sardstone.
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Figure 2. Geologic mup and cross section, sections 12&13, T.3S., R.4E..
SLBM. (Source: Bromficld, C.S. and others, 1970)
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Most of section 13 is underlain by the Thaynes Formation, a brown/red to olive
green sandstone, siltstone, and shale (Bramfield, 1970). It forms the low ridge that
daminates the section and most likely underlies the older alluvium covering the
eastern part of section 12. Rocks in section 12 dip to the east, and those in section
13 dip to the southeast (fig. 2).

Unconsolidated deposits in both sections are camposed of alluvium of varying
ages. The youngest alluvium is on the modern flood plain of the Provo River and forms
the flat lardform an the eastern edge of the two sections. In section 12 the bench
above the modern flood plain is covered by an older alluvium. A road cut just north
of section 12 indicates that this older alluvium is up to 15 - 20 feet thick. The
alluvium in the Provo River flood plain is probably much thicker.

Various geclogic hazards are found in the northern Heber Valley that could
potentially affect the proposed landfill, although none appears to pose a significant
hazard. Investigations by the U.S. Bureau of Reclamation have not found evidence of
surface faulting, indicating that the hazard fram fault rupture is low and that large
earthquakes (magr..tude 6.5 and larger) are not likely (Sullivan, 1988).

However, an earthquake of magnitude 6.5 or less could occur anywhere in the
area (Arabasz and others, 1983), possibly causing strong grourd shaking at the site.
Such shaking poses a threat to structures and unsupported excavation walls, but
geologic hazards associated with ground shaking such as rockfall, slope failure, and
liquefaction appear to be low.

Geologic mapping by the U. S. Bureau of Reclamatian identified several landslides
immediately north of section 12 in volcanic bedrock. These failure~prone volcanic
rocks do not extend into the parcel. Although no landslides have been mapped in
sectians 12 and 13, oversteepening of hillslopes by excavation for roads or landfill
trenches could cause local slope instability, particularly in clayey unconsolidated
deposits. Flooding could occur in the bottams of ephemeral drainages and the Provo
River flood plain. Flood potential of the Provo River will be reduced with the
capletion of the Jordanelle Dam. Flood control measures would be required in
ephemeral drainages if landfill sites or access roads are planned in the drainages.

SOIIS

The U.S. Soil Conservation Service (SCS) (Woodward and cothers, 1970) indicates a
caplex assemblage of soils in the parcel (fig. 3). These soils are classified by the
SCS using the Unified Soil Classification System (USCS; appendix) as mostly silts
() and lean clays (CL), in the bench and ridge area to the west, with gravels (GP)
in the modern flood plain of the Provo River. Our abservations in the bench area of
section 12 indicate that many of the soils are clayey gravels (GC) or silty gravels
(@1) ,and in general are coarser-grained than indicated by the SCS.

The SCS indicates that the majority of soils have severe limitations for trench-
type landfills due to high clay content, mumerous cobbles and boulders, and/or shallow
depths to bedrock. Soils on the bench above the modern flood plain of the Provo
River in section 12 are 15 to 20 feet thick, as seen in a road cut to the north.
Soils on mountainsides are thin, particularly in the steep hilly terrain in much of
section 13.
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GROUND WATER

Grourd water in the region is found in both rock and unconsolidated materials,
with major producing wells located in unconsolidated alluvial deposits of the major
stream valleys such as the Heber Valley (Baker, 1970). Bedrock in the region is
highly fractured, and these fractures act as averues for ground-water movement in the
Heber Valley. They occur in all formations, and therefore any may be, at least
locally, water bearing (Baker, 1970). Bedrock aquifers generally recharge the
unconsolidated alluvial agquifers.

In areas where bedrock is shallow, there is a high potential for leachate
infiltration through fractures intc the ground water, with little treatment by soils.
Depths to ground water in the parcel are unknown, with the exception of the modern
Provo River flood plain, where depths range from 3 to 20 feet (Baker, 1970).
Ephemeral drainages in section 12 were vegetated, but most likely contain water only
during snowmelt and storm runoff. Running water and water tolerant plants were
ocbserved in the ephemeral drainage in the northern part of section 13 during the
field survey, indicating a persistent shallow water table. The origin of the water is
unknown, but it is prabably from a spring in bedrock. Although not abserved, perched
gromd water could be present in bedrock and in the older alluvium forming the bench
in sectiaon 12.

SUMMARY AND CONCIUSIONS

This recomnaissance investigation imdicates that a suitable landfill site may
exist in sections 12 and 13, but that conditions are not optimal and engineering
measures will be required to develop an envirormmentally safe site. Adverse siting
canditions found in both sections are thin soils over shallow bedrock, possible
shallow groundwater and easily contaminated bedrock aquifers, and probable poor soils
fram the stand point of excavatability, permeability, and use as cover material. The
western part of section 12 and all of section 13 are underlain by shallow bedrock with
steep slopes ard thin soils. These present excavation problems and the need to import
cover material, as well as a high potential for ground-water contamination. Because
of this, these areas are generally not well suited for a landfill.

The eastern portion of section 12 is covered by a mantle of alluvium of varying
thickness and the area that is most suitable for a landfill in the two sections is
shown in figure 4. Soils in this section are up to 20 feet thick, ard are easily
excavated but contain high percentages of clay, cchbles, ard boulders that can cause
camaction and workability problems. Coarse clasts may increase excavation
difficulty, and should be removed from excavated material before using it for cover.
There is also potential for contamination of local ground water from leachate
infiltration through gravelly soils into fractures in bedrock. If trenches are
excavated in the alluvium down to bedrock, or if the alluvium is too coarse grained to
filter leachate and impede its flow into the bedrock, ground water could be
contaminated. On the modern flood plain of the Provo River, alluvium is thick but its
coarseness, close proximity to the Provo River, and shallow depth to grourd water
preclude its use for a lamdfill. Any landfill placed an the flood plain would need to
be lined, perhaps pumped to lower the water table, and cover would need to be
imported.

Because potential problems exist at all sites, further study is required to

identify a suitable site. The area with the most potential is in the eastern part of
section 12 (fig. 4), and it would be prudent to begin further study in this area.
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Such stidies should determine soil depth and type, ground-water quality and depth, and
geologic hazards. Based on these data, canclusions should be made with regard to soil
excavatability, permeability, workability, and suitability for use as cover;
potential for ground water contamination; and measures needed to reduce impacts of
hazards. The U is available to review reports from such studies for Wasatch County

upan request.
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Appendix

MAJOR DIVISIONS GROUP TYPICAL
SYMBOLS NANMES
<
Well-graded gravels and
GW gravel-sand mixtures,
4 little or no fines
[ w .
e nz:d
[ “ 0 w >
S °e.2 1z Poorly graded.grovels and
GCla ¥R i GP gravel-sand mixtures,
“"lo ge= little or no fines
ol > c
=1 « = &0 .
Sl e :e E" oM Silty gravels, gravel-sand-
“ e A S silt mixtures,
- Z LY - [l
o < i L
v g TiZEZ oc Chyey.gravels, gravel-sand-
e o e clay mixtures
z u
- €
« -
[ 4 -
b Well-graded sands and
W W gfavelly sands,
<€ « S$lzun little or no fines
©C 0o cC w <o
(%] © -~ w oz
c - - dq:
-3 - E" » <p Poorly graded sands and gravelly
“l2 8. sands, little or no fines
L4 L R w O
I w L -4
¢ - v . . .
x P+ SM Silty sands, sand-silt mixtures,
LR wv (%]
o O w T w
XX v e z - Z
|-~ : .
v w S¢ Clayey sands, sand-clay mixtures
Inorganic silts, very fine
KL sands, rock flour, silty or
N clayey fine sands
(4 >
> < - .
L2 i Inorganic clays of low to
"l e ot L medium plasticity, gravelly
w Sl Z o0 clays, sandy clays, silty
-~ = © clays, lean clays
- v 2
[ 4 +} - o2
w 0] o <o . . .
o 2|lo =9 Organic silts and organic
g v oL silty clays of low plasti-
z 2 city
< ®
S a L .
' " 22 tnorganic silts, micaceous
w o e} > [=] ? ? ..
E B MH or diatomaceous fine sands
c g|c Ec or silts, elastic silts
- e ~— L
[] z - . .
| € 2. CH Inorganic clays of high
glw 3¢ plasticity, fat clays
- - &
-— ol © i .
“ s OH Organic clays of medium
to high plasticity
Highly Organic Soils PT Peat,'muck_and other highly
organic soils

* Bused on the material passing the 3-in. (75-mm) sieve.

Unified Soils Classification System (USCS)

papY
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Preject: Reogeesting Agency:

Preliminary geologic investigation for Wasatch County
proposed landfill sites, Wasatch County, Utah Planning Department
By: Date: Csunty: Job No.:
William E. Mulvey 5-5-89 Wasatch [ sw-2)89~06

USGCS Quadrangle: Charleston (1127) Heber City (1168)

INTRODUCTION

Wasatch County is currently looking for a new sanitary landfill
site following the closure of their existing one on November 1, 1988.
The Wasatch County Commissioners requested that the Utah Geological
and Mineral Survey (UGMS) investigate two sites in the Heber Valley
(fig. 1). The north site is northeast of Midway in Wasatch Mountain
State Park at the mouth of Dutch Hollow (NE 1/4 section 23 and NW
1/4 section 24 in T. 3 S., R. 4 E., Salt Lake Baseline and Meridian)
(fig. 1). The second (south) site is south of Daniels and east of
Charleston along Daniels Creek in the southern Heber Valley (SE 1/4
section 13 NE 1/4 sectirn 23 in T. 4 S., R. 4 E., Salt Lake Baseline
and Meridgian) (fig. 1).

The purpose of this investigation was to assess the geoclogic and
hydrclogic suitability of the areas for a landfill. Principle
geologic concerns in landfill siting are to avoid contamination of
surface and ground water and to minimize the cost of design, -
construction, and operation caused by adverse soil conditions and
geologic hazards. The scope of weork included a review of pertinent
geologic and hydrologic literature covering the proposed landfill
sites, and field investigations that included excavating and logging
soil test pits at each site on April 18, 1989 (fig. 1, appendix 1).
Present at the field investigation were Robert Mathis, Moroni
Besendorfer, and Susan Olig.

SETTING

The north site covers approximately 120 acres on Wasatch Mountain
State Park property and is bisected by the north-south trending Dutch
Hollow (fig. 1). The majority of the property is hilly with a
gently sloping valley in the northwest part of section 24. A
perennial stream draining Dutch Hollow, and an ephemeral stream north
of Donkey Ridge flow through the two sections. Access to the
property is a dirt road which intersects the paved River Road south
of the park boundary.

The south site is along Daniels Creek in generally flat terrain
(fig. 1). To the south of Daniels Creek terrain steepens to mountain
slopes. Daniels Creek crosses the site from east to west and is
joined to the west by an ephemeral stream that runs parallel to U.S.
Highway 189. Access to the property is a dirt road off the highway.
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GEOLOGY

Both the north and south sites are along mountain fronts with
bedrock exposed in hillside areas and unconsolidated surficial
deposits on flat valley floors. The north site is underlain by the
Triassic Thaynes Formation, a brown/red to olive green sandstone,
siltstone, and shale (Bromfield, 1970) (fig. 2). It forms the crest
of Donkey Ridge and the ridge east of the creek in Dutch Hollow.
Uncomsolidated late Pleistocene alluvial deposits cover the floor and
side slopes along Dutch Hollow. These deposits overlie the Thaynes
Formation and are of an unknown thickness.

The Wallsburg Ridge Member of the Pennsylvanian Oquirrh Formation
is the only bedrock unit exposed at the south site (fig. 2). It is a
light-gray to red quartzite and forms steep slopes to the south. The
majority of the site is underlain by Pleistocene alluvium, into
which Daniels Creek has incised its channel.

Various geologic hazards are found in and around the Heber Valley
that could potentially effect the proposed landfill, although none
appear to pose a major hazard. Investigations by the U.S. Bureau of
Reclarztion have not found any evidence of surface faulting at the
north site, and geoclogic mapping by Baker (1970) shows similar
conclusions for the south site. This was confirmed during our site
investigation, and indicates that the hazard from surface fault
rupture at the sites is low. Large earthquakes (magnitude 6.5 and
larger) may occur in the area however, as evidence for Quaternary-age
surface fault rupture is present in Round Valley, 6 miles southwest
of the south site (Sullivan, 1988). A moderate earthquake without
assoclated surface rupture could occur anywhere in the area (Arabasz
and others, 1983), possibly causing strong ground motion at either
site. Such ground motion can damage structures and cause unsupported
excavation walls to collapse. Figure 3 shows peak ground
accelerations in soil that have a 10% probability of being exceeded
in 10, 50, and 250 years in the area and indicate that both sites are
in a "seismic impact zone" as defined in the proposed EPA
regulations. Landfills in such zones must be engineered to withstand
the expected maximum horizontal acceleration in bedrock, (appendix 2)
which at these sites is approximately 0.048 g. Geologic hazards
associated with ground shaking such as rockfall, slope failure, and
liquefaction appear to be low.

No landslides have been mapped in either the north or south sites,
but oversteepening of hillslopes by excavation for roads or landfill
trenches could cause local slope instability, particularly in
unconsclidated deposits. Flooding could occur in the bottoms of
ephemeral streams and drainages, and along Daniels Cree) from
cloudburst storms or snowmelt runcff. Flood control measures will be
required in these areas if landfill sites or access roads are planned
in or near the drainages.

SOILS

The U.S. Soil Conservation Service (SCS) maps a complex assemblage
of soils in both sites (Woodward and others, 1970) (fig. 4). At the
north site the SCS classifies the soil as silts (ML) and lean clays
(CL) to a depth of five feet (fig. 4). We inspected a test pit at
the site and fcund lean clays to a depth of 2.5 feet, and fat clays
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Figure 4. Soil characteristics in A) north site and B) south site
(modifiec from Woodward and other, 1976).
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to the pit floor at six feet (appendix 1).

In contrast to the north site, soils in the south site along
Daniels Creek are classified by the SCS as clayey and silty gravels
(GC-GM) (fig. 4). Our inspection of a test pit at the site
confirmed this. On slopes immediately to the south, two additional
pits were excavated to examine soils for use as liner material for
the landfill. Both pits exposed soils that were fat clays for the
entire depth of the pit (appendix 1).

For both north and south sites soils the data indicate that there
are severe limitations for trench type landfills (fig. 4). Both
sites reguire an impermeable liner to protect surface and ground
water. Therefore, the type of soil present at each site does not
influence siting criteria. Coarse soils at the south site make it
especially susceptible to ground water contamination by landfill

leachate.

GROUND WATER

Ground water in the region is found in both rock and unconsoclidated
materials, with major producing wells located in unconsolidated
alluvial deposits of the major stream valleys such as the Heber
Valley (Baker, 1970). Bedrock in the regicn is highly fractured, and
these fractures act as conduits for ground-water movement into the
Heber Valley. They occur in all formations, and therefore any
formation may be, at least locally, water bearing (Baker, 1970).
Bedrock aguifers generally recharge the unconsolidated alluvial

aguifers.

In areas where bedrock is shallow, there is a high potential for
leachate infiltration through fractures into the ground water with
little treatment by soils. However, in areas covered by alluviunm,
ground water may be shallow, less than thirty feet (Hecker and
others, 1987), and leachate may alsc reach the water table with
little treatment by soils. Depths to ground water in the north study
site are unknown except at the mouth of Dutch Hollow, where depths to
ground water are 5 to 10 feet (Baker, 1970). Unconsclidated deposits
in the south site have ground water at depths of 10 to 40 feet,
depending on time of year (Baker, 1970). Ground water was not
encountered in any of the test pits dug for this investigation.
Daniels Creek crosses the property from east to west, but is diverted
for irrigation during the spring and summer months. During these
times the channel of the creek is dry.

SUMMARY AND CONCLUSIONS

This reconnaissance investigation indicates that suitable areas for
a landfill may exist at both the north and south sites. No major
adverse conditions were observed at either site, but engineering
measures will be reguired to develop an environmently safe landfill
at both locations. At the north site, soils are clayey and provide
suitable material if compacted properly, to provide a low
permeability liner for a landfill. Because they are clayey, these
so0ils will pose wcrkability problems during wet periods and are also
not suitable for use as cover for refuse material each day. Blending
with imported granular material may be required to provide suitable
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cower. Because the depth to ground water and bedrock is unknown but
prabably shallow at this site, it will be important to define these
depths and to determine the potential for contamination of ground
water by leachate from the landfill if this site is chosen.

the south site is in alluvium that covers the Heber Valley to
depths of 800 feet in places (Baker,1970). This material is a
mixtire of cobbles and gravel, and is not well suited for a landfill
due to its high permeability, poor compactability, and workability
problems. Its coarseness and lack of filtering capacity increases
the potential for contamination of the local ground water with
leachate from a landfill. Test pits 2 and 3 immediately south of
this site contain fat clays which can be used as liner material, and
to blend with on-site granular soils to provide suitable cover. The
close proximity to Daniels Creek is a hazard, and leachate and refuse
from the landfill has the potential to contaminate the creek and
ultimately Deer Creek Reservoir downstream. This hazard will need to
be considered in the design of the site to prevent flooding and
comtamination of surface waters.

Bewly proposed EPA regulations regarding landfill siting, which may
potentially affect the sites, are included in appendix 2. Specific
regulations that effect the proposed sites are those concerning
ground shaking (seismic impact zone) and flood plains. The ground
shaking restriction applies to both the north and south sites which
are in a "seismic impact zone," and proposes that the landfill be
designed to resist the maximum horizontal acceleration at the site.
Flood-plain restrictions apply chiefly to the south site due its
close proximity of Daniels Creek. Restrictions state that the
lamdfill shall not restrict the flow or result in a washout of solid
waste from the landfill.

A ground water monitoring well system approved by the state must be
installed as close as possible from the landfill boundary based on
proposed EPA regulations included in the appendix. This system is
designed to sample the uppermost aguifer in the region and insure
that it is not contaminated by landfill leachate. Both north and
south sites have ground water at shallow depths, and would regquire
monitoring wells to detect contamination of these ground water
sources.
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North Site
Test Pit 1 Wasatch Mountain State Park property

0.0' - 2.3' Lean clay (CL); dark brown, medium density, medium
plasticity, moist; 100 percent fines, blocky
structure, noncemented, no reaction to HCL, roots
throughout the deposit, slight organic odor,
occasional highly weathered cobbles; residual
soil.

2.3' - 6.8' Fat clay (CH): orange-brown, medium density, high
plasticity, moist; 95 percent fines, blocky
structure, noncemented, no reaction to HCL,
roots throughout the deposit, isclated weathered
cobbles.

South Site
Test Pit 2: valley fill (alluvium)

0.0' - 1.3' Lean clay with sand (CL); dark brown, medium density,
medium plasticity, moist; 85 percent fines, blocky
structure, noncemented, no reaction with HCL, slight
orcznic odor, roots throughout the deposit; residual
soil.

1.3' - 1.8' Lean clay with sand (CL); orange-brown, medium density,
mediunm plasticity, moist; 80 percent fines, blocky
structure, noncemented, no reactien to HCL, roots
throughout the deposit; residual soil.

1.8' - 5.0' Well-graded gravel with sand and clay (GW-GC):
orange~-brown, low density, nonplastic, moist;
15 percent fines, poorly bedded, noncemented, no
action to HCL, roots throughout the deposit;
alluvium.

Test Pit 3 State Property, hillslopes south of test pit 1

0.0' - 1.6' Fat clay (CEK); dark brown, high density, high
plasticity, moist; 95 percent fines, blocky
structure, noncemented, no reaction to HCL,
roots throughout the deposit, slight organic
odor; residual soil, 20 to 25 % slope.

1.6' - 6.0' Fat clay (CH):; orange-brown, high density, high
plasticity, moist; 95 percent fines, blocky
structure, noncemented, no reaction to HCL,
roots throughout the deposit, clay skins present,
occasional quartz cobbles.
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Test Pit 4 State Property, fan at mouth of Big Hollow

0.0' - 2.0' Fat clay (CH):; dark brown, high density, high
plasticity, moist; 95 percent fines, slightly blocky
structure, noncemented, no reaction to HCL,
roots throughout the deposit, slight organic odor,
occasional quartz cobbles; residual soil.

2.0' - 6.5' Fat clay (CH): orange-brown, high density, high
plasticity, moist; 95 percent fines, blocky
structure, noncemented, no reaction to HCL, roots
throughout the deposit, clay skins present, occasional
quartz cobbles.
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APPENDIX 2
Excerpts from proposed EPA
regulations for location and design of landfills
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o, Bl I arGon s s, mend
indmarial ol wasia Sucx 5 wadbll
maybe publcly or privaicly cwmed

TNew wn0” s Kuy SCEed cemed @
dispem) wout thal hes acx proossty
‘recewed solid waste prior o the
eSocir data of s part A sow oxil
also Demns atera) axpaaarors as
definad o his pecon.

“Ope buroang ™ maacss the
combustion of solid waste without:

(3)Controi of combusnan atr to
maintam adecpadls emDera Nere fof
efficemt combessan,

(2)Costainment of the combustoa
rescim tn an eoclossd device o
provite mflicieat residence thoe and

(3) Contred of Lhe emismon of the
combation produch.

“Opraior’’” means the persan
res pasmbie foc the overnil opcatan of &
faclity or pariof a acinity.

“Owmer” moass he perron who owoa
a facRy or part of 2 facility.

“Favoll” mesrs any rowater,
leschaia, or other Lgod that draime over
land fmc sy partof a faciBty.

land omo any pari of a brcality.

“Sanrtted 200" meens thet part of
the sarth’s cost (o which ail voxcs are
fled with watsr

“Sludys” moans azy sold. seml-sotid,
ot Liquid wasts grreoawed from a
wasteweter trestoey, piard, wates
supply Peataen! plant, or wr potuton
conTolaclily exchsive of Lthe bested
eSloent om 4 westewater treatoet
plast

“Sold wasie”™ means any gartege.
refuse sdadse Bom & wac tree toent
plant water sepply beareent piant or
air polstion conto facilty end other
discarded maienal iacindgy sobd,
hqu.!d. seu-solid. or conmined gasecs

operatiam. and rom cammoncty
actvitiex bul doss 3t mcmce setd oc
disaci ved ma ZTials I domertic sewnpc.
of solid o dissci ved materiais in
irrigaSosrerwn Dows or indestial
dischargn that are poan sources rubject
to permiswncer 33 USC 1342 or
sourca., special cuciesr, or ty-prodact
material s definad by the Atamic
Energy Acal 1854 as amended (68 StaL
R 7~}

“Solid waste dlaposal unjt™ means a
discrete wes of land used for the
disposal of solid wastes

“Starm”mease any of the revera)
Sflta-. the Bt of Coalumbaa, e

and the Caxmpoowrealth of the Northern
Mananas lslands,

“Waste Danage=ent unit boundary
means a vertca!l surfece located at the
bydrsulically dowmngradient limit of the
unil Thos vertcal surface extends down
into the eppemost squifer.

§ 2583 Comicerytan of other Federal
laers,

The owner or operator of & municpal
solid waste landfill unit must comply
with anoy other applicable Federal rules,
laws, regulations, or olber requirements.

2042529 [Reservedl
Subpart B—{ocation Restrictions

§ 258410 Akport safery.

A grmicipal sobd waste landhll umit
that may stract birds and is locsted
within 10.000 {eet {3.048 meters) of any
airport rumway used by turbojet aircafl
or within S.000 feel {1.524 metenn} of axy
airport raowey caed by ocly pstoo-type
aircrafi aball pot pose a bird bazard o
aircaft

§252 11 Floodplains,

{2) A municpal solid waste landEll
unit jocated in the 100-year Soodpiain
shall oot reasict the Sow of the 300-year
Dood. reduce Lhe temporary waler
storege aapacty of the Doodplain, or
result in wazgout of sobid waste so as to
post a bazard 10 burman bealth and the
epvironmerl

(b) For purposes of this section:

(1) “Floodplain™ means the lowland
gad relagvely fat aress adjoining inland
snd coasta) waters. incledieg flood-
prone aress of c.ﬁabor' islaods, that are
isundated by the 100-year Bood

{2) ™100-year food™ means 2 Jood
that bas a 1-poc=! or grester chance of

hgmmgvmywornuocdm
a Degrutuce equailed or exceeded once
{z 100 years on the average overa
signifcantly locg period.

(3) “Waatoo!™ meens the carrving
away of soiid waste by waters of the
base Jood

§ 25812 Weteoan

{a) New municpal solid waste landSll
unis shall sot be located in wetlanda,
unlese the ovmer or opeator cas make
the following demonstatons to the
State:

(1) There s o procScable altemabve
that would bave icss adverse impect on
the wetlands and would heve po otbe
significant adverse exrviroamesal
conmeque pces:

{2) The landfil! will oot

(i} Carse or cootibote W nolatons of
any spplicnble State water qualty
stancard,

8%

(i1} Vioiste any applicable toxic
effluent stancard or prohibiuon under
Section 307 of the Cleas Waler Act,

(iii} Jeoparize the cantinued
existence of ndang:’td or threstened
species or result in e destruclion or
adverse modificauon of a cnbeal
habitat. protected under the Eadangered
Species Act of 1973, 8nd

{iv} Viciale any requurement under the
Marine Protecton. Resecarch. and
Sanctuaries Act of 1872 for the
protection of a marine sancruary:

(3) The landfll will not cause oz
contibute to significant degradason of
wetlands;

{4) Appropriaie and practeable steps
bave been taken 10 mimmrere potental
adverse impacts of the landfill on the
wetlands: and

{S) Sufficient information is available
to make s reasonabie delerminatioo
with respect Lo thess deonstrations.

(b) As used in this secpon. “wetands™
means those areas thal are oundated or
saturated by surface or groend weler xt
a frequency and derativo efficdext to
support. and that ender normel
croumstacces ¢o suppert a prevalencs
of vegetasica typically adspied (or lifa
in sarureted so0il condibone. Wetlands
include. but are pot limited to, swamps,
marshes. bogs. apd mmilar mess.

§250.13 Fault srwex,

{a) New units of a municipal solid
waste lancfll shall not be locsted
within 200 feet (60 meters] of ¢ {ault that
bas bed displacecrent to Holocene thoe.

(b} For the purposes of txs sectons

(1) "Faul:” means a frace slong
which stste on one nide have bees
dispiaced with respectto that o the
other side.

(2) Displacement™ mears the relative
movement of any two sxies of a farit
measuresd o any direcoan

(3) "Holocene™ meacs the most recent
epoch of the Quarternary perrod,
extepding fros the end of e
Pleistocene to the presest

§ 25814 Seiamic impect zones.
{a) At a new municipal solid waste

‘landfill enit located i & “seismic impact

zone,” all containment suctures.
including linera leschate collecuion
sysems, and surfaca water coatrod
systemms. ust be deaigoed o reaist the
maximum bonzootal scceleratics iz
lithified matenal for the wite.

(b) As used in paragraph {a} of this
seclion. “se:amuc impact moe” means 80
ares with & 10 percent or grester
probabrliry that the maxtmes horizontal
acceleraton in hard rock. expresecd a3
8 percentege of the earth’s gavitarione!
pull {g). wnll owxceed 0.10% 10 250 yeers.
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{c} As used in paragraph (a) of this
section. the “maxusum honzontal
accelerstion in lithified matenal™ means
the maximum expected bonzontal
acceleration depicted oo 8 seismic
hazard mep. with 3 S0 percent or greater
probability that the acceieration will not
be exceeced in 25J years, or the
taximuwn expected horizontal
accelerauon based on a site-specific
seisrmic risx assessment

§253.15 Unstabie areas.

{a) The owner or operstorof &
munidpal solid waste landfil unit
located in an unstable ares zust
demonstate to the State that
engineenng rmessures have been
incorporsted into the unit's design to
ensure the stability of the strucrural
components of the unit The owner or
operatormust coesider the following
factors, at 2 minumum whez
determining whether an area is
unstable:

{1) On-site or local soil conditions that
mey result in sign:feant differental
seltling

{2) On-site or local geologic or
geomorphoiogic {eatures; and

(3) On-site or local human-=ede
features or events {both swfsce and
subsusface).

() As used in this secton. “structura!
componesnts™ Deans linerx [eachate
collection systems, final covers, run-on/
ron-off systems, and any other
component necessary for protection of
buman bhealth and the eoviroa=ent

(c) Exisang units of a municipal solid
waste lancfill located in unstable aress
that cannot make the demonsTation
specified in peragraph (8} of this secson
must close wathin § years of the
effective date of this part in accordance
with § 25230 of this part acd conduct
postclosure actvities in accorcancs
with § 25831 of his part.

(d) The deedline for a closure required
by paregraph (c) of this secion may be
extended by the State afier considering
ats mintmum the following factors:

(1) Availabiliry of alterative cisposal
capacity: and

(2) Poteaual risk to human bealth and
the environroent

$5 258.16-252.19 [Reserved)

Subpart C—~Operating Criterta

§ 25820 Procecures lor exchxing the
receipt of hazarcous wasts,

(8) The owner or operatorof a
g:‘unicipsl solid waste landfl uzit must
implement a progra st the facslity for
detecting arnd preventing the cisposal of
regulatecd hazarcous weetes as cefined
in Part 227 of this otle and
poiychlomnarcd biphenyis (PCD) wostes

as defined in Part 781 of this ttle. This
program must include st 8 Rnumums

{1} Random wnspections of incoming
loeds:

(2} Inspection of suspicious loads:

(3) Records of any inspections:

(4} Trainung of facility personnel to
recdogmz' ¢ regulated hazardous waste:
an

(5) Procedures for notifying the proper
authorities if a regulated bazardous
waste is discovered at the faclity.

(b] As used in this secnon. “regulated
bazardous waste™ means & solid waste
that is a hazardous waste, a3 defined in
40 CTR 2813, that {s pot excluded fom
reguation as a bazardous waste under
40 CTR 281.4({b) or was not generated by
a conditionally exempt small quansry
generator as defined in § 2815 of this
tite.

§ 25821 Cover material regquirements.

(2) The owner or operatorof a
municpal solid waste landfll unit must
cover disposed solid waste with suitable
materials at the end of each opernting
day. or at more frequent intervals if
necessary, to cortol disesse veciors,
fires, odoms, blowing Litter, and
scaveng-g

(b) The State may grant & temporary
waiver from the requirezent of
paragraph (a) of this seclon U the State
determines that there are extreme
seasonal climatic conditions that make
meeting such requirexments impractical.

§ 2582 Dassass yeclor coatrol

(a) The owzer or operstorof a
municpal solid waste [andAll unit must
prevent or cootol on-site populators of
disease vectors using techniques
appropriate {or the protecaon of buman
health and the eavirozzent

(b} For purposes of this secSon
“disease vecions” =eazs acy rodents,
flies, mosquitoes, or other animals,
including irsecu, capsble of
trans=itisg disease (o bumans,

§ 25423 Expicess Grses control

(o) The owuer or operatorof ¢
muzicipal solid waste landfill unit sball
ensure that

(1) Tbe concentraGon of methane gas
geberated by the facility does sot
exceed 2S percent of the lower explosive
limit for methane in facility structures
(excluding gas control or recovery
system components): and

(2) The coccentavon of methane gas
does not exceed the lower explosive
limit for methane at the faclity property
boundary.

{b) The owner or operaiorof a
owunicipel solid waste landfill unit must
[mplement a routtne Deiane Donitomng

90

program (o ensure bat the standards of
peragraph (8) of tus section are met

(1) The type and Eequency of
monitonng must be deterzuned based
on the {oliowing fzctors:

(i) Soil conditions:

(ii) The bydrogeclogic conditors
swrounding the disposal site;

(ili) The bydraulic conditions
suwrrounding the disposal site; and

(iv) The location of facllity structures
and property boundanes.

(2) The minimum frequency of
monitoring sball be quarteriy.

(c) U methane gas levels exceeding
the limits specified in parsgraph (a) of
this section are detected. the owner or
operator must

(1) Take all pecessary steps to ensure
immediate protecaon of human bealth:

(2) lmrmedistely notify the State of the
methane gas levels detected and the
immediate steps takea to protect human
health; and

(3) Within 14 days, submit to the State
for approval s remediston plan for the
methane gas releases. The plan sball
describe the nature and extent of the
problem and the proposed remedy. The
plan shall be implemested upon
approval by the Stata.

{d) As wed in this seclon. “lower
explosive Lizit™ means the lowest
percent by voiume of & mixture of
explosive gases (o air that will
propagste a Same a1 25°C and
atmospheric pressure.

§ 25324 Ar ottera,

(8) A muzicpal solid waste lasdSl
shall pot vioiate any applicable
requirements developed under & State
Implexmentaton Plas (SIP) approved or
promulgated by the Administrator
pursuast to secdon 110 of e Clean Air
Actl as amended T -

(b) Open burzing of solid wasta,
except for the infrequent burning of
agriculture! wastes, sivicultural wastes.
land-ciearing debnis, diseased trees,
debris fom exergency clean-up
operations. or ordnacce, is prohibited at
muanicipal solid waste lapdfll unita,

§ 25825 Access requirerrenrt

The owmner or operator of 8 municpal
solid waste landfll unit must concol
public sccess and prevent unsuthorized
vehicular traffic and illegal durmping of
wasles 1o protect buman bealth and the
environment using ernficial barmers,
patural barmers. or both, as appropriate.

§ 25828 Run-on/run-of! control rysisma,

(a) The owner or opcrator ol a
municipal solid waste Jandil unit must
desigr construcy and maLilan:



Federal Register / Vol. 53. No. 168. Tuesdav. August 30. 1988 /[ Proposed Rules

33111

[Net» 10 § 258 40(b): EPA is cocsidencyg
alternstives to the 1x10”*to 1x 10" *rux
range. The Agency speaafically requests
comment oo & fixed nsk levai of 1x10°'aran
upper bound risk jevei of 1% 10" *{with the
States baving discreacn to be more stmagent)
as elernacyes o the propesed nsx renge. A
Bxed niak level of 1x 107 * wouid provice o
unuform level of protecton acruas al! States
On the other band. sermng an upper bound
risk levei of 1107 wowid allow States
preaner Dexibulity 1n establisnung more
stringent nix ieveis based on ute specfic
conditions |.

(¢} When establishing the design
pecessary to comply with parsgraph (a)
of this section. the State shail cons:der
at lewst the followng factors:

{1} The bydrogeciogic charactenstcs
of the faciiity and surrounding land:

(2} The climatic factors of the area;

(3) The volume and paysical
charscteristcs of the jeachate:

{4) Promixity of gound-water users:
and

{5} Quality of ground water.

(d} A State may establish an
altemative bourcary to be used iz Lew
of the weste macageent unt
boundary. The aiternatve boundary
shafl not exceed 1530 metess Som the
wastr manegemest uz:t bouncary and
shall be locsted on land owned by the
owner or operator of the MSWLF. The
establishment of the alteroatve
boundary shall be based on acalysis
and conuderetion of at least the
following factors:

(1) The bydrogeciogic characteristics
of the facility ard surrounding land:

(2) Tte voiume and physicai and
chemical characiensacs of the jeachate:

(3} The quant'y. quality, and direcdon
of Dow of ground water;

{8) The proximity and withcrawal rate
of the ground-water users;

(5) The avauabiity of aiternatve
drinking water suppies:

(8} The exystng quality of the ground
water, including owhrer sources of
coptaminstion and their cumuiatve
impacts oo the ground water;

{7} Public heait, safety, and welfare
effects; and

(8] Pracucable capability of the owner
or operator.

{e} Exusting municipal solid waste
landfill unita must be equipped at
closare with a finai cover system that is
designed to prevent iafilrauon of liquid
through the cover and into the waste.

$H 250.41-258.49 [Reverved]

Subpeart E—Ground-Water Monitoring
and Corrective Acton

§ 25050 Appucaniity.
{a) The requirements 1o this Part apply
to muticpai sobc waste iandfll units,

except as provided in paragraphb (b} of
this secnon.

(b) Ground-water monitoring
requurements under § 258.51 through
§ 258.55 of this Part will be suspended
for an MSWLF unit if the owner or
operstor can dernonstrate to the State
that there is no potential for migrason of
hazardous consttuents from that unit to
the uppermost aquifer during the active
life. inciuding the closure period. of the
unit and dunng post-closure care This
demorstenon must be certiied by a
qualified geologist or geotechrucal
engineer, and must incorporate reliable
site-specific data. If detailed
bydrogeologic data are unavailable, the
owner or operatcr must provide an
adequate margn of safety in the
predicuon of potential mugrsnos of
bazardous consutuents by basing such
predictions op assumptons that
maximize the rate of hazardous
consitutent migration.

{c) Witkic 6 months of the effectve
date of the rule, the State must specify a
schedule for the owners ar operators of
MSWLF units to comply with the
ground-water DONIONER requiremests
specified in §§ 258.51-258.55. This
schedule mus! be specified to ensure
that 25 percent of MSWLF units are in
compliance within 2 yeers of the
effective date of this ruie; SO percent
(SO%) of landfill units are in compliance
within 3 years of the efective date of
this rule; 75 percent of the landSll units
are in compliance within 4 yeers of the
effective date of this rule: and all landfill
units are in compliznce within 5 years of
the effective date of this rule. In setting
the compliance schecuie. the State must
consider potential risks posed by the
MSWLF urut to human health and the
environment The following factors
should be considered in deterpuning
potennal nsix:

(1) Proxumuty of buman and
environmental receptors:

(2) Design of the landfll unit

(3) Age of the landfill unit and

(4) Resource vaiue of the underlying
squifer. including:

(i) Current and future uses:

(ii) Praxamity and witharawal rate of
users: and

(iii) Ground-water quality and
quanoty.

(d) If the State does not set & schedule
for compiiance as specified in paragraph
(c} of this Sectdon. the following
compliance schedule shall sppiy:

(1) Exisong landfill units iess than 1
mile from a drinking water intake
(surface or subsurisca) must be in
compliance with the ground-water
mognitonng requirements specified in
§§258351-258.55 withun 3 years of the
efecove date of this rule;
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{2) Existing landSill units greater than
1 mile but less than 2 muies from &
drinking water intake {surface or

.subsurface) must be in compliance with

the ground-water monitoning
requirements specified in §§ 258.51-
258.55 within 4 years of the effectve
date of this rule; '

{3} Existing landfill units greater than
2 miles from a drinking water intake
(surfsce or subsurface) must be in
compliance with the ground-water
morutoring requirements specified in
§§ 258.51-258.55 within 5 years of the
effective date of this rule; and

{4) A new landfill unit must be in
compliance with the ground-water
morutoring requirements specified in
§§258.51-258.55 before waste can be
placed in the unit.

(e} Once established at a unit ground-
water monitoring shell be conducted
throughout the active life and post-
closure care of that municipal solid
waste landfll unijt as specified in
§258.31.

§ 258 51 Ground-water monltoring
systems.

(a) A ground-water monitoring well
system gpproved by the State must be
installed at the closest pactcable
distance from the waste management
unit boundary or the alternative

boundary specified by the State under

§ 258 40. Where subsurface conditions
canse hazardous constituents to migrate
horizontally past the boundary specified
under this paragraph before descending
to the uppermost aquifer, the State can
designate another appropnate
downgradient location {or the ground-
water moaitonng wells.

{b) A gound-water monitoring sysiem
tmust consist of a sufficient numbper of
wells, installed at appropriete locations
and depths, to yield ground-water
samples fom the uppermost aquifer
that

{1) Represent the quality of
background ground water that has not
bean affected by leakage from a landfill
unit and

{2) Represent the quality of ground
water passing the locatons specified
under parsgraph (a) of tis secton.

(c) If spproved by the State, separate
ground-water monitoring systems are
pot required for sach landfill unit when
the facility has several landfill units,
provided the multi-unit ground-water
monitoring system will be s protective
of buman health and the environment as
individual monitoring systems for each
unit

(d) Monitoring wells must be cased in
a manner that maintains the integrity of
the monitoring well bore hole. This
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casing must be screened or perforated
and packed with gravel or sand. where
Decessary, 1o enable collecton of
ground-water samples. The annular
space (i.e. the space between the bore
bole and well casing) above the
sampling depth must be sealed to
prevent contamination of samples and
the ground water.

{1) The design. installation,
development and decommission of any
monitoring wells, piezometers and other
measurement, sampling. and analytical
devices must be documented in the
operating record: and

(2) The monitoring wells. piezometers,
and other measurement sampling. and
analytical devices must be operated and
mainta:ned so that they perform to
design specifications throughout the life
of the monitoring program.

{e) The numbe:, spacing. and depths
of monitoring system: shall be proposed
by the owner or operator and approved
by the Siate based upon site-specific
technical information that must be
developed by the owner or operstor and
mﬁmt include thorough characterization
[

(1) Aquifer thickness, flow rete, and
flow directior; and

(2) Sarurated and unsaturated
geologic units and £l matenals
overiying the uppermost aquifer,
tncluding,. but not limited to:
thicknesses. stratigraphy. lithology.
hydraulic conductivines. and porosities.

§258.52 ODetsrmination of ground-water
trigoer level

(2) The State must establish before &
Phase | monitonng program is initiated,
ground-water tngger levels that are
protective of buman health and the
eoviroument for ell Appendix I

_constituents.

(b) The levels are to be specified by
the State as:

(1) Maxamum Contaminent Level
(MCL) promuigsted under § 1412 of the
Safe Dnnking Water Act (codified)
under 40 CFR Part 141. Subpart B. or

(2) For constituents for which MCLs
bave not beer promulgated, an
appropriate health-based jevel
established by the State that satishies
the following criteria: -

{i) The ievel is denved in a manner
consistent with Agency guidelines for
assessing the bealth risks of
environmenta! pollutants {51 FR 33982
34006, 34014, 34028);

(ii) 1s based on scientifically valid
studies conducted in accordance witk
the Toxic Substances Conwol Act Good
Laboratory Practice Standerds (40 CFR
Part 782} or equivalent: .

{iii) For carcinogens. the leve!
represe;s & concenanon associated

with an excess lifetime cancer risk level
{due to continuous lifettme exposure)
within the 1X10"*to 1X 10" " range; and

({iv) For systemic toxicants, the level
represents s concentration to which the
humsen population (including sensitive
subgroups) could be exposed toon a
daily bas:s that is likely to be without
appreciable risk of deleterious effects
during s lifetime.

[Nots 10 § 258.52(b)(2)(1ii): EPA is
considenng alternatives to the 1X107*to
1X10" " nsk range. The Agency specifically
requests comment oa 3 fixed nek level of
1X10"* or an upper bound sk level of
1x10"*{wiLb the States baving discretion to
be more stringent) as slternanves to the
proposed nsk range. A fixed nsk level of
1X10"* would provide & uaiform level of

tection scross all States. On the other
setung an upper bound risk level of
1X10"*would allow States greater flexibility
o establishung more stngent nsk levels
based on site specific conditons).

(3) For constituents for whick no
health-based level is available that
meels the criteria in § 258.52{a)(1) or {2)
the State may establish a trigger level
tha! shall be:

(i) An indicator for protection of
bumean beslth and the environment.
using the exposure assumptons
specified under § 258.52{e){2). or

{ii) The background concentration

(4] For constituents for whick the
background level is higher than health-
based ievels established under
§ 258.52(b)(1)}3). the trigger leve! shall
be the background concentration

§258.53 Ground-water sampling and
Snalyss requirements.

(a) The ground-water monitoring
program must include consistent
sampling and analysis procedures that
are designed to ensure monitoring
results that provide an sccurate
represectation of gound-wate- guality
at the background and downg : Zient
wells instalied in compliance with
§258.51(b) of this par. At a miumum,
the prograx must be documented ic the
operating record and must include
procedures and techniques for:

(1) Sample collechon: ,

(2) Sampie preservation and shipment

(3) Apaiyucal procedures;

(4) Chaun of custody control: and

(5) Quality assurance and quabty
control.

(b} The ground-water monitoring
prograrcs must include sampling and
anslvtical methods that are appropriate
for ground-water sampling and that
accurately measure hazardous
constituents and other monitoring
parameters in ground-water samples.

(c) The sampling procedures and
frequency must be protective of buman
health and the environment The
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sampling requirement must ensure thset
the statstical procedure used to
evaluate sampies bas an scceptably low
probability of failing to identify
contamination

{d) Ground-water elevations must be
measured in each well immedistely
prior to sampling. The owner or operator
must determune the rate and direction of
ground-water flow in the uppermost
aquifer each tme ground-water gradient
changes as indicated by previous
sampling penod elevation mesurements.

{e) The owner or operator must
establish background ground-water
quality on a bydraulicaliy upgradient
well{s) for each of the monitonng
parameters or consttuents requred in
the particular ground/water monitonng
progrars thst applies to the municipal
solid waste landfill unit. as determined
under § 258.54{a). or § 258.55(s) of this

The minimum number of samples
used to establish background ground-
water quality must be consistent with
the appropriate statistica! procecures
getermined pursuent to paragraph (h) of
this section

(f) Background ground-water quality
ai existing units may be besed on
sampling of wells that are not
vpgradient box the waste management
ares where

(1) Hydrogeologic conditions do not
alliow the owner or operstor to
d‘:;ermine what wells are upgradient,

(2) Sampling at other wells will
provide ac indication of background
ground-water quality that is a3
representanve of more represectative
than that provided by upzecient wells.

(g) The State may determmune alternate
background ground-water guality on a
site-specific basis if tue backgound
ground-water quality cannot be detected
on site. The slternate background
ground-water quality should be based
on monitonag data fox the uppermost
aquifer that is availabie to the State.

(h) Stansbca! procecures are as
follows:

{1) Ground-water moritoring data for
each phase of the monitorning programs
of §3 258.54. 258 55 and any other
applicable section of this rule will be
eollected from background wells (except
as allowed in § 258.53(g)). and st
monitoring wells a3 specified pursuant
to § 258.53(a). Based on the site-specific
conditions identified in § 258.54{c). the
owner or operatot mus! select the
appropriate statisbeal procedure to
determine if & stansncaliv significant
increase over background value for each
parameter or consttuent has occurred.

(2) Toe owner or operator must
employ one of the following staustical
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Preject. Requestiag Agency:

Geologic investigation of a landslide City of Spri.ngdale
in Springdale, Washington County, Utah

By: Date: County: Job Ne.: (GH-l)

Kimm M. Harty 7-29-88 Washington 88-04

USGS Quadrangie:
Springdale West (74)

The Utah Geological and Mineral Survey (U@IS) was requested by Dave Conine,
planner for the City of Springdale, to investigate a lamdslide that occurred on BIM
land and private property owned by Bcb Ralston of Springdale. The purpose of the
investigation was to document the slope failure so that the City may use the
information in future planning decisions. The slide is located at 970 Zion Park
Blvd., in the SE 1/4 of sec. 29, T. 41 S., R. 10 W., Salt lake Baseline and Meridian
(attachment 1). In addition to the field investigation, the scope of work included
a review of published reports and geoclogic maps. Bob Ralston was present during the
inmvestigation on July 18, 19g8.

In early May, 1988, Mr. Ralston campleted construction of a large slab-on—grade
storage shed. The shed was built at the base of a slope between two drainages
(attachment 1). Prior to construction, the lower porticn of the slope was removed
to provide a flat area for the shed. On May 4, 1988, the slope failed, severely
daraging the concrete floor of the shed, and moving t_he struc‘:ure 6.75 feet
eastward. According to Mr. Ralston, appmxzmtely 2500 ft3 of slide material was
removed from the toe area of the slide prior to this investigation. This activity
Created a steep cut slope about 10 feet behind the storage shed.

The landslide occurred in the Chinle Formation, which contains abundant clay
and is particularly susceptible to landsliding. Geologic maps of the area
arshall, 1956; Cook, 1960) show the entire slope to be underlain by this
formation. Pockets of "blue clay", typical of the Chinle Formation, were visible in
the slide, especially at the intersection of the slide's northern flark and the
basal cut slope. Also irvolved in the slide was colluvium that armours the slope.
Zontained in the colluvium are large rock-fall boulders derived from the Kayenta
Formation that forms steep cliffs upslope.

The landslide is an earth slurp (attachment 2), and has a clearly-defined, 20-
ft high main scarp. A 25-ft wide trough separates the main scarp fram the head of
the slurmp. Numercus transverse cracks intersect the distinct lateral flanks of the
slide. The slump appears to have moved as a caherent unit, and there were no minor
scarps visible in the main body of the slide. No crown cracks were seen. The slide
Plane was not exposed, but extends and likely daylights beneath the shed. Fram the
main scarp to the toe, the slump measured 154 feet long; the toe location had to be
estimated due to its removal. The width varied from 78 feet at the crown to 161
feet at the basal cut slope behind the shed. The slump and the trcugh area camprise
approximately 0.4 acres, and the slide faces almost cue east (N 850 E). Due to
excavation at the toe of the slope, an average slope gradient prior to failure could
not be determined.

Weather records for Zion National Park, the closest station to Springdale, show
a total of 4.33 inches of precipitation between April 15th and 24th, with 1.73
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inches falling on April 21ist, ard 0.5 inches on the following day. With the
exception of slight precipitation on May 1st, none was recorded between April 25th
and May 4th.

The slump was probably caused by excavation of the base of the slope, which
removed support. Nearly 3 inches of rain fell in the six-day pericd between April
19th and April 24th, ten days before the slide occurred. Infiltrating precipitation
may have facilitated the slope failure. According to Mr. Ralston's abservations
shortly after the slide occurred, the main scarp was wet from the groud surface
down about four feet. No moisture was cbserved anywhere in the slide vicinity
during this investigation.

Mr. Ralston said that the slide has not moved since its initial failure. At
present, the basal cut slope behird the shed is about 17 feet high. Mr. Ralston
irdicated he intends to grade the slump to a 3:1 slope by removing additicnal
material from the main body, and rebuild the shed at approximately the same
location. I advised him that should the slide reactivate, either in its present
form or after modifications, it could further impact the shed. I also advised Mr.
Ralston against rebuilding the shed in its present location. The slide would likely
not affect Mr. Ralston's house, which is farther downslope. Mr. Ralston indicated
he does not intend to modify the 20-ft high main scarp of the landslide. This
scarp, as well as the upper porticn of the slump, is on BIM land. The main scarp is
steep, and left in its current state will pruobably slough material into the trough
below. It is unlikely that this activity will impact any structures.

ferences Cited

Cock, E.F., 1960, Geologic atlas of Utah: Utah Geological and Mineralogical
Survey Bulletin 70, 124 p.

Marshall, C.H., 1956, Photogeologic map of the Virgin NE Quadrangle,
Washington County, Utah: U.S. Geological Survey Miscellaneous Geclogic
Investigations Map I-161, Scale 1;24,000.

Varnes,D.J., 1978, Slope movement types and processes, in Schuster, R.L.,

and Krizek, R.J., (eds.), landslides-analysis and control: National Acadery of
Sciences Transportation Board Special Report 176, p. 12-33.
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Projoct: _ Regquesting Agency:
Fault investigation - SW corner of Salt Lake County
4200 South Redwood Road Planning Division -
Craig Nelson
b susan Olig Due:  3.6-89 | “* salt Lake N 09-04
(GH-2)

USGS Quadraagle: Salt Lake City South 7.5 Quad (BLM No. 1213)

Phillips petroleum company is currently building a service station
and car wash at 4200 South Redwood Road, Salt Lake County. At the
request of Craig Nelson, Salt Lake County geologist, I inspected two
trench exposures for evidence of faults at this site. Craig Nelson
and Douglas Hawkes, a geologist with Chen-Northern, were present
during this inspection on March 6, 1989. Chen-Northern, Inc. is the
geotechnical consultant for the project, and is addressing fault
surface rupture hazards from the West Valley fault zone, which
transverses the site.

Both trenches exposed late Pleistocene sediments that were faulted
and warped down to the east. In the northern trench, a discrete,
NNE-striking, steeply E-dipping fault clearly truncated a laminated
green to red clay unit. A cursory examination of this unit revealed
white, fine-sand lenses and ostracods. These sediments are probably
associated with the late Pleistocene Bonneville Lake Cycle, either as
deep~lake or lagoonal deposits. The clay unit was in the footwall
and was warped down to the east. Non-stratified, poorly-sorted,
pinkish tan clayey silt and sandy silt was exposed in the hanging
wall for almost the entire depth of the trench. A silty-sand layer
with non-distinct bedding was exposed at the trench base within the
hanging wall. The age of these units is unknown. The minimum
vertical separation across the fault was 1.5 m. Excavation
disturbance, soil development, and bioturbation within the uppermost
few feet of the exposure precluded distinguishing the fault or
original character of the sediments near the surface without a more
detailed investigation.

In the southern trench, a discrete, N-striking, steeply E-dipping
fault cuts similar units to those exposed in the northern trench.
The main difference was a clean, subangular, medium- to coarse-sand
layer containing well-rounded pebbles and cobbles. This sand layer
was exposed near the base of the footwall, below the clay unit.

Excavation at the site has completely destroyed any geomorphic
evidence of a fault scarp. However, from interpretation of 1937 and
1946 asrial photographs, Keaton and others (1987) identified a NNw-
striking fault scarp transecting this site. The scarp was part of
the Taylorsville fault named by Marine and Price (1964). Although
the fault scarp was partially modified by human disturbance, it was
still visible in 1986, when I profiled the scarp and obtained a scarp
height of approximately 1.5 m. The scarp was approximately
coincident with the location of the fault exposed in the two
trenches.
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The age of the last movement of the Taylorsville fault at this site
can only be constrained as post-Lake Bonneville. However,
approximately 4 km to the north, the Taylorsville fault offsets
deposits of the Gilbert shoreline, indicating movement within the
last 12 ka (Keaton and others, 1987).

Keaton, J. R., Currey, D. R., and Olig, S. J., 1987, Paleoseismicity
and earthquake hazards evaluation of the West Valley fault zone,
Salt Lake City urban area, Utah: Report to U. S. Geological
Survey, contract no. 14-08-0001-22048, 88 p.

Marine, I. W., and Price, D., 1964, Geology and ground-water

resources of the Jordan Valley, Utah: Utah Geological and Mineral
survey Water-Resources Bulletin 7, 63 p.
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Project: Roguesting Agency:

Cedar Canyon landslide reconnaissance, Utah Division

Iron County, Utah. Comprehensive
Emergency Management

By: RKimm M. Harty Date: - _ Ceunry: Job Ne.: _
da;x E. Christenson 4-11-89 iron (GH-3)89 05
USGSQumstl:  planigan Arch  (237)
INTRODUCTION

On March 27 1989, the Utah Geological and Mineral Survey (UGMS) was
requested by Lorayne Frank, Director of the Utah Division of
Comprehensive Emergency Management (CEM) to investigate a landslide
in Cedar Canyon, about seven miles east of Cedar City, Utah. The
landslide is in sections 26 and 35, T. 36 S., R. 10 W., Salt Lake --
Baseline and Meridian (fig. 1). It occurred sometime between
midnight and 6:00 a.m. on March 27, 1989, and destroyed approximately
one-third of a mile of Utah Highway 14. The purpose of the
investigation was to provide CEM and Ira Schoppmann, sheriff of Iron
County, advice and assistance regarding the hazard potential of the
landslide and the likelihood for significant damming of Coal Creek by
the slide. A field reconnaissance of the landslide was made between
noon and 3:30 p.m. on March 28th, by Gary Christenson and Kimm Harty
of the UGMS, and John Rokich of CEM. In addition to a field
examination, the scope of work included a review of published and
unpublished literature, data, and maps.

BEDROCK GEOLOGY

Field examination of the slide in addition to examination of
geologic maps (Gregory, 1950; Doelling and Graham, 1972) and
previously measured lithologic sections at and near the slide (UGMS
unpublished data) suggest that the failure occurred in bedrock of the
Cretaceous Tropic and Dakota Formations. In the slide area, the
predominantly shale Tropic Formation grades into the underlying
Dakota sandstone, and is referred to on geologic maps as the Tropic-
Dakota Interval. The upper part of the interval resembles the Tropic
shale, and is a gray shale containing thin layers of brown fine-
grained sandstone (Doelling and Graham, 1972). The Tropic shale is a
unit especially prone to landsliding in southern Utah. The lower
part of the interval is a "...fine- to medium-grained sandstone
alternating with gray shale, sandy shale, carbonaceous shale, and
thick beds of coal..." (Doelling and Graham, 1972). Much of the
landslide surface is covered by loose, unstable, buff-colored
material ranging from clay and silt to car-sized boulders. This
material is believed to be colluvium and broken rock of the
Cretaceous Straight Cliffs Formation which forms the near-vertical
main scarp of the landslide and a portion of the cliffs above the
slide. This formation is described by Doelling and Graham (1972) as
a "thick-bedded to massive cliff-forming sandstone with subordinate
intervening gray shale, shaley sandstone, coal and carbonaceous
shale..."
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Three abandoned coal mines are present in the slide vicinity, one
of which, the MacFarlane, was located on the failed slope and was
sheared off by the landslide. All three mines were in the Tropic-
Dakota Interval, and extracted a near-horizontal coal seam about 5-6
feet thick (Doelling and Graham, 1972). Mine spoil and concrete
blocks from the MacFarlane mine protrude from the landslide along its
eastern margin at about the level of the undisturbed portion of
Highway 14. It is apparent from the topographic map (fig. 1) that
the mine entrance moved downslope about 40 feet. The Cluff mine,
west of the landslide (fig. 1), and the Koal Kreek mine, east of the
slide, connect underground (Doelling and Graham, 1972). Presumably
these mines also connected to the MacFarlane mine. Based on
estimates of total coal production given by Doelling and Graham
(1972), it is likely that the mine workings extend beneath the entire
slide area. Doelling and Graham (1972) report that the MacFarlane
mine extended 4000 feet into the hillside and that a fault
constrained the southern limit of coal mining. This fault shows at
least 24 feet of offset, but does not appear on available maps.
Doelling and Graham (1972) report the mine was dry although local
residents report the mine was wet and issuing water when sealed
recently.

LANDSLIDE DESCRIPTION

The landslide is approximately 1700 feet wide by 1000 feet long.
It covers approximately 40 acres and has a total relief of about 600
feet (fig.1). 1In addition to a portion of Highway 14, the portal of
the abandcned and sealed MacFarlane coal mine was sheared off and
also transported downslope by the landslide, and an old power line
used when the mine was operating was destroyed. Utah Department of
Transportation (UDOT) personnel reported that during the year or so
prior to the March 27 landslide, the area had been a source of
smaller landslides that necessitated constant maintenance of the
highway (A. Scott Munson, District Engineer, oral commun., March 28,
1989). The morphology of the landslide suggests that the feature is
a complex slump (rotational slide), with an earth flow at the toe as
diagrammed in figure 2. Back-tilted minor scarps were identified
throughout the body of the slide, and were particularly conspicuous
near the head. The presence of numerous boulders scattered over the
surface of the landslide indicate secondary failure by falling and
rolling of material dislodged by the initial landslide movement. The
head of the slide is at the base of a cliff, and now forms the lower
part of the cliff. The main scarp of the slide is a maximum of
about 150 feet high near the center. The height gradually decreases
toward the flanks of the slide, giving an elongated half-moon
appearance to the main scarp. We estimate the volume of the
landslide to be approximately two million cubic yards.

Using a 1985 1:24,000 scale topographic map, it was determined that
prior to the landslide, the slope of the ground surface from the
crown of the slide to Utah Highway 14 was at least 30 degrees (58
percent), and may have been as high as 37 degrees (77 percent). From
the highway down to the creek, the pre-slide slope was slightly less
steep, averaging about 27 degrees (53 percent). It was apparent from
the field inspection that the lower portion of the post-slide slope
between the former lccation of the highway and the creek below is now
in most places significantly steeper than the portion above the road.
The lower portion of the landslide is oversteepened and the surficial
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materials are very unstable and were actively sliding downslope
during the reconnaissance.

The surface of rupture at the base of the slide appears to be
complex, and the landslide moved downslope in a series of
simultaneously-moving slumps and slides rather than as a single,
intact, cohesive mass. In the western part of the slide, an intact
but severely damaged portion of Highway 14 moved about 100 feet
downslope but was not buried by landslide debris. The surface of
rupture is thus below the present position of the highway here.
Elsewhere, the road disappears beneath the landslide, with patches of
crushed asphalt locally present on the landslide surface. The break
in slope that roughly parallels the former location of the highway
may indicate the location of the rupture surface of the landslide.
No evidence of a daylighted rupture surface was observed in the
field; it is likely that it was buried by debris,

It is unlikely that the surface of rupture is at or below the level
of the creek. The toe of the landslide spilled into the canyon
bottom and blocked portions of Coal Creek, but did not as a whole,
slide into the creek. Although the creek was blocked in places,
there is no evidence it was significantly shifted or uplifted by the
slide. Blockage of the creek was probably produced by both tumbling
rock material and by slumping and sliding within localized areas at
the toe of the landslide. The creek cut through and breached the
blockages before substantial ponding or flooding could occur. Aside
from a noticeable instability of surficial soil and rocks, the
landslide did not appear to be moving during the field investigation.
Very little water was observed on the slide except where small
isclated snow patches were preserved and melting.

POSSIBLE CAUSES

In addition to reports of the recent history of instability in this
slope from UDOT personnel, there is geologic evidence for longer-term
instability in the form of older (probably prehistoric) inactive
landslide scarps and heads near the top of the slope. Evidence
indicates a potentially unstable slope that may not have required a
significant change in conditions to cause failure. Although it was
not the purpose of this investigation to determine the cause of the
failure, we did investigate several possible causes. No earthquakes
were reported in the area near the time of the landslide (Sue Nava,
University of Utah Seisr:graph Stations, oral commun., April 11,
1989), so ground shaking is not a likely cause.

Possible weather-related factors include both longer-term annual
and seasonal precipitation trends, and shorter-term storm or snowmelt
events. The National Weather Service (1989) reported that as of
March 1, 1989, stream flow in Coal Creek was about 70 percent of
normal. As of February 28, 1989, soil moisture indices for the
south-central region of Utah, which includes Cedar City, indicate the
area to be experiencing a "mild drought" (Office of the Utah State
Climatologist, 1989a). 1In addition, precipitation received in the
south-central region from February 24 to March 31 averaged only 76
percent of normal (Office of the Utah State Climatologist, 1989%b).
Most of the snow in the area had melted, with localized snow
remaining mostly on north-facing slopes. Southern Utah is under
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below-average precipitation and moisture conditions for the current
water year. Based on this information, it is difficult to attribute
the landslide failure to longer-term weather-related causes.

Local precipitation records from a weather station located in Cedar
Canyon about two miles west of the slide indicate that the area
received nearly 0.4 inches of precipitation the day before the slide
occurred. Previous to this rainfall event, no precipitation other
than a trace amount was recorded since March 3, when 0.81 inches fell
(Dudley Alger, Cedar City Water Department, written commun., April
10, 1989). It is possible that the rain that fell the day before the
landslide occurred may have triggered the event, but significant
instability already existed in the area prior to landslide movement.

Possible man-related factors which may have contributed to slope
instability include highway- and mining-related alterations to the
slope, drainage, and ground-water hydroclogy. The destroyed
MacFarlane mine portal is located near the level of the hypothesized
landslide rupture surface, at least along the east flank. It is
possible that the landslide failed along a plane at the elevation of
the mine workings, but further analysis is needed to verify or reject
this possibility. It is unknown whether the hydrology of the mine or
changes caused by sealing the portal contributed to the landslide.

HAZARD POTENTIAL AND RECOMMENDATIONS

The principal slide movement has occurred, but it is likely that
minor slides, rock falls, and settlement will continue within the
slide mass. In particular, rock falls may continue to occur along
the landslide's cliff-forming main scarp. Cracks which connect with
the main scarp extend along the base of the cliff west of the slide
for several hundred feet. The slope below these cracks shows
evidence of movement. These cracks probably formed contemporaneously
with the main slide, and indicate that remaining slopes adjacent to
the slide are potentially unstable.

The main purpose of this reconnaissance was to assess the potential
for damming of Coal Creek by continued slide movement, posing a flood
hazard downstream should the landslide dam fail. The rupture surface
of the slide appears to be above the creek, and the damming that has
occurred to date has been from material spilling over from the toe of
the landslide into the creek. A certain amount of this will continue
because slopes in the toe area are oversteepened and unstable. Coal
Creek has been able to maintain its channel so far, and even if this
type of movement continues, we believe the potential for damming with
sufficient impoundment of water to pose a major flood hazard
downstream is low. However, the possibility of renewed movement of
the slide cannot be ruled out, and it was recommended that the toe
area and downstream flow in Coal Creek be monitored regularly, and
that the local government authorities prepare a plan for evacuation
of low-lying areas along the creek, particularly in Cedar City, in
case the slide does dam the creek. We estimate that it would take
about an hour for flooding to reach Cedar City from the landslide
area (W.F. Case, UGMS, oral commun., March 29, 1989). Because the
channel of Coal Creek in Cedar City is relatively shallow with
limited water-carrying capacity, and development has occurred
adjacent to the creek in low-lying areas, it would not necessarily
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require failure of a large impoundment to cause damage. For this
reason, it is important to monitor the landslide closely for
continued movement, particularly in the toe area in the canyon bottom
along Coal Creek.
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INTRODUCTION

In response to a regquest by Representative Glen E. Brown of the
Utah State House of Representatives, the Utah Geological and Mineral
Survey (UGMS) investigated a landslide in Hoytsville, three miles
south of Coalville in Summit County (SE 1/4, section 28, T. 2 N., R.
5 E., Salt Lake Baseline and Meridian; fig 1 ). According to Roy
Dixon, owner of the land on which the landslide was deposited, the
slide occurred prior to 5:00 a.m. on Sunday, October 16, 1988. The
purpose of the investigation was to assess the stability of the
landslide, and to recommend measures to prevent future movement. The
investigation took place from 11:00 a.m to 1:00 p.m. on Wednesday,
May 17, 198%. Loren Rausher of the Utah Department of Transportation
collaborated in the investigation, helped formulate recommendations,
and reviewed this report. Also present during the field
investigation were Gary Brown, son of Vera Brown, the owner of the
land from which the slide was initiated, and Mr. Dixon. The scope of
the investigation consisted of a review of current literature, maps,
and aerial photography, and the field investigation.

GEQLOGY AND BACKGROUND HISTORY

The landslide is oriented almost due north on the north-facing
slope of a borrow pit that was used during the 1960s as a source of
£ill material for nearby Interstate 80. The pit was excavated in
alluvium in an abandoned terrace of the Weber River (Klauk and Harty,
1988). In the landslide area, the terrace is composed of alternating
layers of predominantly fine-grained sediments (clay, silt, and
sand), with occasional coarser-grained gravel layers. The terrace
likely contains much sediment from Cottonwood Canyon (fig. 1), which,
prior to development by early settlers, flowed westward through the
borrow pit area to the Weber River. Water from Cottonwood Canyon is
now diverted into irrigation canals.

The borrow pit has been the site of previous slope stability
problems. In 1969 a landslide occurred on the south-facing slope of
the pit, destroying a portion of Creamery Lane (fig. 2). The slope
was back-filled and a perforated pipe underdrain was installed. 1In
1987, the UGMS investigated sinkholes or collapse pits that developed
in an irrigated field just north of the 1969 landslide (Klauk and
Harty, 1988) (fig. 2). The most likely cause of the 1969 landslide
was wetting of the oversteepened slope of the pit. The formation of
the collapse pits was caused by piping (subsurface channelized
erosion) of the fine-grained alluvium, accelerated by flood
irrigation of fields surrounding the borrow pit (Klauk and Harty,
1988). Geologic, topographic, and current hydrologic conditions on
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the slopes of the borrow pit are conducive to erosion and
instability; the fine-grained soils of the river terrace are very
susceptible to erosion by piping, slopes along the sides of the
borrow pit are steep, and the practice of flood irrigation provides a
constant, saturating water source.

LANDSLIDE DESCRIPTION

The landslide is classified as an earth flow (fig. 3), and
movement appears to have been at a moderate to rapid speed, under
saturated conditions. The earth-flow deposit is relatively thin,
ranging from five to ten feet in thickness, and extensive, suggesting
ample water to spread the deposit over the flat floor of the borrow
pit. The surface of the outermost portion of the earth-flow toe
contains numerous intact soil blocks averaging about three to four
feet in longest dimension, with most still retaining their original
vegetal cover (fig. 2). These blocks comprised the grassy surface of
the top of the slope before being "rafted" downslope in the earth
flow.

The earth flow sheared off a 20-foot section of a 16-inch plastic
irrigation pipe that fed into an unlined irrigation ditch, and
destroyed about 0.6 acres of farmland above the borrow pit (fig. 2).
A similar area of land at the bottom of the pit was covered by the
earth-flow deposit. The flow is 182 feet long and 162 feet wide at
the base of the borrow pit slope. The volume of material involved is
estimated to be about 15,000-20,000 cubic yards, of which
approximately 8,000 cubic yards was deposited on the borrow pit
floor.

The slopes surrounding the borrow pit are steep, with the steepest
being the west-facing slope (40.5 degrees) which parallels the
Hoytsville road. Angles measured on the north-facing slope, east and
west of the earth flow, were 35 and 40 degrees, respectively (fig.
2). The average pre-slide slope gradient in the area of the earth
flow is estimated to be about 38 degrees, or close to 80 percent.

The height of the slope was about 39 feet.

DISCUSSION

The earth flow most likely occurred as a result of a combination
of conditions. The main factors causing the failure are believed to
be the steep slope, fine-grained soils, and excess moisture applied
through flood irrigation and possible canal seepage. As depicted in
figure 2, an asphalt-lined canal carried water west along the south
edge of the borrow pit. Water was channeled into a 16-inch diameter
plastic pipe which then angled southward to divert flow into an open,
unlined irrigation ditch (fig. 2). The position of the irrigation
ditch closely follows the eastern flank of the earth flow, and it is
possible that seepage from the ditch, or elsewhere near the main
scarp, may have triggered the earth flow. Due to the seven-month
period between the earth flow and this investigation, moisture
conditions at the time of failure are unknown. The only moisture
observed during the field visit was a small amount of water trickling
from the sheared-off pipe onto the earth flow below, and a few areas
of ponded water at the bottom of the borrow pit near the toe of the
earth flow.
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There was no indication that the landslide has moved since its
failure last October. However, the main scarp is nearly vertical and
reaches 15 feet in height along the northeastern portion of the
earth-flow source area, beneath the sheared irrigation pipe.

Shearing and toppling of soil blocks from the main scarp will
probably occur until the scarp erodes naturally to form a more stable
slope, or is graded.

Under current geologic conditions and irrigation practices, the
slopes surrounding the entire borrow pit are considered to be
susceptible to continued landslide activity. The slopes are high,
steep, and composed of fine-grained alluvium. The west-facing slope
face currently shows evidence of surface instability in the form of
horizontal gaps that parallel the slope; tracts of vegetation have
moved short distances downslope, exposing bare soil. This 40.5-
degree slope stands about 55 feet high, and an unlined canal is only
17 feet from the southern portion of this slope (fig. 2). 1In
addition, Roy Dixon reported that flood waters from Cottonwood Canyon
occasionally flow into the pit over this slope. Added moisture,
whether through precipitation, canal seepage, or surface runoff,
could create a reduction in the internal strength of this slope,
which already appears to be in an unstable state. Should a landslide
of similar magnitude to the recent earth flow form on this west-
facing slope, the Hoytsville Road, 27 feet behind the borrow pit, and
residential areas across the road would be impacted.

RECOMMENDATIONS

The two principal factors responsible for the slope failure are
believed to be the addition of water to the slope through irrigation,
and the extreme height and steepness of the slope. To ensure
stability of existing slopes, these factors must be controlled. A
reduction in flood irrigation with lining of canals, or a change to
sprinkler irrigation, with care taken to avoid watering near the
earth flow, will reduce the amount of water added to the slope. This
course of action has thus far been successful in halting enlargement
and reappearance of collapse pits in the field above the 1969
landslide. Grading of the earth flow, especially near the main
scarp, will reduce the potential hazard from soil block failures. A
maximum stable slope angle for these materials is about 2:1 (26
degrees). To fully evaluate the stability of borrow pit slopes,
potential for future landslides, and measures needed to ensure stable
slopes, a thorough soils and slope stability investigation by a
qualified geotechnical firm would be required.
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On Monday, June 12, 1989, an interdisciplinary team of specialists
(table 1) visited the site of a debris flood in a tributary of
Emigration Canyon, Salt Lake County, Utah. The purpose of the visit
was to observe the relationship between a burned area and the flood,
and the effectiveness of flood control structures placed immediately
after the fire. Two hazard mitigation plans concerning the
relationship between forest fires and flash floods are currently being
prepared for other areas of Utah by Fred May of the Utah Division of
Comprehensive Emergency Management who coordinated this effort, and
organized this survey team to lend some insight into hazard mitigation
in Emigration Canyon. A second visit to the canyon was made on June
16, 1989, with Gary Christenson of the Utah Geological and Mineral
Survey, to investigate the source area of the flood.

In ear.y September, 1988, a wildfire burned over 5600 acres of
woodland in a portion of Emigration Canyon (Nelson and Rasely, 1989)
(fig. 1). The fire burned approximately 90 percent of Freeze Canyon,
and 80 percent of the adjacent Brigham Fork watershed. These areas
experienced a damaging flood nine months later, on the evening of June
9, 1989, as a result of an intense thunderstorm. More than 1 inch of
water fell over these small watersheds between 9:30 and 11:30 p.m.
Hydrologists from the U.S. Soil Conservation Service estimate that
floodwaters seven-feet deep surged down Freeze Canyon toward Emigration
Canyon and residences below. No 1lives were 1lost, but damage in
residential areas included flooding and sediment deposition in yards,
basements, garages, driveways, and access roads. Other damage included
culvert wash-outs and blockages, undercutting and partial collapse of
roads by stream erosion, and shearing of underground utility lines.

Although flooding occurred in Brigham Fork as well as Freeze Canyon,
only the latter was visited. In the middle portion of the canyon,
grasses, small herbaceous plants, and some small (< 6 inches high)
woody-stemmed plants such as chokecherry have re-established since the
fire. Tall trees still stand, but many are dead with very little
forest canopy.

Freeze Canyon has an east and west fork in the headwaters area, and
the confluence 1is at approximately 6400 feet elevation. Farther
downstream, at about 6200 feet elevation, the channel gradient becomes
more gentle and the canyon widens (fig. 2). The lower portion of
Freeze Canyon 1is wunderlain by the Cretaceous Kelvin Formation,
consisting of reddish sandstone and pale-gray limestone (Van Horn and
Crittenden, 1587). Most of middle portion of the canyon is underlain
by Jurassic-age Twin Creek Limestone which is predominantly gray
colored. The upper part of the canyon, above the confluence of the two
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Table 1. Enigration Canyon Flash Flood Hazard Mitigation Survey
Team, June 12, 1989.

Fred May, Hazard Mitigation Planner
Utah Division of Comprehensive Emergency Management

Dave Dalrymple, Wildfire Suppression Specialist
Utah Division of State Lands and Forestry

Kimm Harty, Hazards Geologist
Utah Geological and Mineral Survey

Frank Roberts, P.E.
Utah Division of State Parks and Recreation

Michael Treshow, Ph.D., Botanist, Professor
University of Utah, Biology Department

Alex Morris, Resource Coordinator
Salt Lake Scil Conservation Service

Greg Smith, Hydrologist and Meteorologist
National Weather Service
Colorado River Basin Forecast Center

Scott Williams, Flood Mitigation Planner
Davis County Public Works and Flood Control

Mike Lowe, County Geologist
Davis County Public Works and Flood Control

Ken Short, P.E.
Utah Division of Water Resources
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Figure 1. Major watershed bumed areas, 1988 Emigration Canyon fire
(Nelson and Rasely, 1988).
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drainage channels is underlain by pink to light orange-colored Nugget
Sandstone.

Recognizing the potential for flooding and erosion on the denuded
watershed, the U.S. Soil Conservation Service working with Salt Lake
County installed about five gabion structures and numerous short wire
fences in the channel of Freeze Creek within 30 days after the
September wildfire. These structures are designed to alter the channel
gradient, causing deposition of sediment, and to retard floodwater
velocity, thereby reducing the potential for catastrophic flooding.
Field observations showed that many of the fences, although heavily
damaged during the flood, were effective in trapping debris, including
cobble to boulder-sized rocks, that otherwise could have washed farther
downstream toward residential areas.

Examination of the confluence area of Freeze Creek showed that flood
damage (channel erosion and overbank flooding) was more severe in the
east than in the west fork. The head of the east fork is a bowl=-shaped
amphitheater with severe fire damage to vegetation. Just downstream
from this amphitheater is a relatively unburned area along the bottom
of the drainage. The head of the east fork is mantled by a deep,
loose, friable organic soil. Before the fire, this area had supported
mostly shrubs and grass, with trees only at the bottom of the hollow

along the channel. With 1little post-fire vegetation remaining to
retard overland flow, the amphitheater funneled runcff into the narrow
channel, causing floodwaters to rise quickly. Most of the coarse

debris (cobbles, boulders) entrained by floodwaters was scoured from
the channel below this area. Floodwater and finer-grained debris were
also contributed from other hillsides and small ephemeral drainages and
gullies in middle Freeze Canyon as evidenced by channel scour and
hillside rilling and erosion.

Much of the larger material transported in the channel was deposited
in the middle and lower reaches of the watershed, where the channel
gradient decreases, and flood-control structures were emplaced. Damage
to downstream residences could have been greater had not the gabions
and fences been installed in Freeze Creek. The floodwaters that
damaged residences in lower Freeze and Emigration Canyons carried finer
sediment such as silt, sand, and gravel which was deposited in
basements and garages of homes and buildings near the mouth of Free:ze
Creek. U.S. Soil Conservation hydrologists estimate the depth of the
floodwaters could have reached at least 14 feet instead of 7 feet had
not the flood control structures been emplaced (R.C. Rasely, U.S.S.C.S
Geologist, oral commun., June 13, 1989).

At present, the head region of the watershed is subject to continued
erosion and possible flooding. The lower and middle portions of the
stream bed of Freeze and Brigham Fork Creeks now contain sediment and
debris deposited behind flood-control structures. In the event of
another severe flood, this material could become entrained in a debris
flood or flow and again cause damage in downstream areas. Re-
establishment of the vegetation to a pre-fire state, especially at the
head of the watershed, and/or repair of some of the flood-control
structures would help lessen the impact of such an event.
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INTRODUCTION

On August 3, 1989, the Utah Geological and Mineral Survey (UGMS)
investigated the northern portion of Cedar City which was impacted by
a flood on July 31, four days earlier. The purpose of the
investigation was to document the nature and extent of the flooding,
and to provide the Utah Division of Comprehensive Emergency Management
(CEM) with information to aid their investigation of the flood. We
also visited the site of the March 27, 1989 Cedar Canyon landslide, to
observe the current state of the slide, and to assess whether the
recent rainfall and flooding had affected the landslide. Suzanne
Hecker of the UGMS was present during the field reconnaissance, and
contact was made with John R. Williars of the Iron County Sheriff's
Office in Cedar City.

THE CEDAR CITY FLOOD

Approximately 0.75 inches of water fell in 30 minutes in an intense
thunderstorm that moved rapidly through the northern part of Cedar City
on Monday afternoon, July 31, 1985. A resulting flash flood caused
damage primarily to residences, vehicles, and property in several
subdivisions. No lives were lost, but floodwaters filled basements:
deposited mud and debris in streets, yards, and fields; and damaged
automobiles parked on city streets. The floodwaters that impacted
residences came primarily from two unnamed ephemeral stream channels
that drain west from the Hurricane Cliffs. For this report, the
channels are designated "A" and "B", and are shown in figure 1 along
with the approximate area that experienced the worst flooding (sections
35 and 36 of T. 35 S., R. 11 W., Salt Lake Baseline and Meridian). New
residential development has occurred at the base of the Hurricane
Cliffs between White Mountain on the south and the unpaved road leading
up Fiddlers Canyon on the north (fig. 1). Development has modified
the drainages of channels A and B, and channel A was in part paved for
a subdivision road. Channel B is now blocked by a debris basin (fig.
1l).

Although the flooding caused damage to many homes, much floodwater
was channeled along the streets away from homes. The effects of the.
flood were particularly evident in areas downstream from the point
where channel A floodwaters met those of channel B. This occurred at
the approximate location of the midpoint of the section line between
sections 35 and 36. Numerous partially buried automobiles were
observed downstrean, to the southwest of this area.
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Examination of the debris basin constructed on channel B indicated
that the volume of water entering the basin exceeded its capacity, such
that floodwaters flowed through the spillway at the northeast end of
the basin's embankment. Floodwaters did not appear to overtop the
embankment in any other area. Water exiting the spillway appeared to
flow west onto subdivision properties and open fields, and southwest
along the upper road of the subdivision. On August 3, the debris basin
was still filled with water to about the spillway elevation. A large,
fresh-looking debris-slide scar is visible on the cliff above channel
B (fig. 1), and the slide may have occurred during the rainstorm. It
was not investigated during the reconnaissance, and due to the large
amount of water in the basin, it is not known if any material from this
slide entered the basin.

John R. Williams (oral commun., Aug. 3, 1989) indicated that only
minor flooding and little damage occurred to the north or south of the
area depicted in figure 1. Mr. Williams reported that Coal Creek, the
stream that drains Cedar Canyon about 3 miles to the south, did not
overflow its channel although it reached bankfull stage. Field
inspection of the main and distributary channels of Fiddlers Creek
showed that floodwaters generally remained within their banks.
However, evidence for overland flow from direct precipitation on the
surface of the alluvial fan was observed. No structures except a farm
house were on the alluvial fan in the vicinity of the main channel of
Fiddlers Canyon. A debris basin that receives flow from Fiddlers
Canyon (sections 26 and 35, fig. 1) via two underground pipes showed
evidence of recent use in the form of ponded water and flattened grass
in areas immediately upstream. The debris basin contained only a small
volume of water. However, it is not known what percentage of the
runoff from Fiddlers Canyon was channeled to the basin.

THE CEDAR CANYON LANDSLIDE

After the investigation of the flooding in northern Cedar City, we
visited the site of the March 27, 1989 Cedar Canyon landslide. Since
the initial visit by the UGMS on March 28th (see Harty and Christenson,
1989 for detailed information), the Utah Department of Transportation
(UDOT) established survey points on the slide to measure movement, and
a temporary road was paved across the slide and opened to traffic on
May 1, 1989. According to Scott Munson (UDOT-Cedar City, oral commun.,
Aug. 8, 1989), the landslide has not shown evidence of movement since
its initial failure. Coal Creek now flows virtually unobstructed near
the toe area of the slide at the bottom of Cedar Canyon, whereas in
March, it was partially obstructed and formed a series of small ponds.
Visual inspection of the road crossing the slide revealed no
indications of movement resulting from the recent rainstorm. However,
a tension crack about 15-20 feet in length was discovered atop the
graded north (outer) shoulder of the road, near the middle of the
landslide. The crack travels oblique to the road and disappears into
the roadbed. The crack has a horizontal displacement of approximately
one inch, and a maximum vertical displacement of between one half to
one inch where the crack meets the road. Subsidence features or small
"sinkholes", some more than one foot deep, are aligned along the crack.

The crack appeared to have formed recently, an assessment supported
by Scott Munson (oral commun., Aug. 8, 1989). The formation of tension
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cracks is usually a sign of slope instability, and is often the first
warning sign of an impending slope failure. Should a failure occur
along the tension crack, it is likely that the road would be damaged.
It would be wise to monitor the crack regularly for signs of additional
widening or downslope movement, and to devise a method for warning
motorists of possible road damage in the area.

REFERENCE CITED
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INTRODUCTION

The purpose of this report, requested by Ed Reed (Weber County
Planning Department), is to provide information concerning the geclogy and
geologic hazards of the Marriott-Slaterville area of Weber County, Utah,
to be incorporated into their master plan. The Marriott-Slaterville area
is located in unincorporated Weber County immediately west of Ogden
(figure 1). The scope of work consisted chiefly of a literature review
and report preparation. Geologic investigations and map compilation were
completed during my tenure as Weber County Geologist from 1985-1988, and
that information has been excerpted and included in this report.

GENERAL GECLOGY
Introduction

The Marriott-Slaterville area is located in the Ogden Valley Segment
of the Wasatch Front Valleys Section of the Basin and Range Physiographic
Province (Stokes, 1977). The Ogden Valley Segment is a north-south
trending structural trough which has been the site of accumulation of
great thicknesses of sediment since the advent of Basin and Range normal
faulting approximately 15 million years ago (Hintze, 1988). The Wasatch
Range and the west-dipping Wasatch fault bound the trough to the east, and
geophysical data indicates that Little Mountain may be part of a horst

which bounds the trough to the west (Feth and others, 1966). The
sediments f£filling the trough are predominantly of fluvial, lacustrine, and
deltaic origin. Geophysical data indicates that, in some areas, these

sediments may be as much as 6,000 to 9,000 feet thick (Feth and others,
196¢).

Quaternary Geologic History

The Marriott-Slaterville area is located in a closed hydrologic basin,
called the Lake Bonneville basin, and water flowing into this basin
generally leaves only by evapotranspiration. The Lake Bonneville basin-
has been an area of  internal drainage for much of the last 15 million
years, and lakes of varying sizes likely existed in the area during all
or most of that time (Currey and others, 1984). Figure 2 is a schematic
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in the Lake Bonneville basin for the past 150,000 years. Numbered
solid lines above lake level curves represent time periods of lake
cycles described in this report. Dashed lines represent inter-
lacustrine periods when lakes in the Lake Bonneville basin stood
at relatively low levels or were nonexistent. (Hydrograph
modified from Currey and Oviatt, 1985, and extended past 35,000
years before present on the basis of recent statigraphic studies
of pre-Lake Bonneville deposits by Machette and others, 1986,

with additional modifications for this report).
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diagram showing the approximate time periods of, and the approximate
elevations reached, during the last three lake cycles in the Lake
Bonneville basin.

The first lake cycle shown on figure 2, which inundated the Marriott-
Slaterville area, is called the Little Valley lake cycle. This lake cycle
occurred sometime between about 150,000 years ago and 90,000 years ago
and rose to a level of at least 4,983 feet in elevation (Scott and others,
1983). It is 1likely that during the Little Valley 1lake cycle, the
Marriott-Slaterville area was the site of accumulation of sediments
deposited into the lake by the Weber River, and that part of the sediment
mass below the ground surface is made up of sediments of this age. No
sediments of Little Valley lake cycle age, however, are exposed at the
surface to verify this.

The next to the last lake cycle in the Lake Bonneville basin, the
Cutler Dam lake cycle, occurred sometime around 75,000 years ago and rose
to an elevation of at least 4,400 feet in elevation (Oviatt and others,
1985). Work on this lake cycle is in preliminary stages, but is likely
that the Marriott-Slaterville area was inundated during the Cutler Dam
lake cycle and that lacustrine sediments of this age are found beneath the
present-day ground surface.

In the latter part of Pleistocene time, from about 32,000 years
before present to about 10,000 years before present, a lake with a
maximum depth of at least 1,000 feet covered an area of about 20,000
square miles in what is now northwestern Utah, northeastern Nevada, and
southeastern Idaho (Currey and others, 1984). This lake was named Lake
Bonneville, and the period of time occupied by the rise and fall of this
lake is called the Bonneville lake cycle (Scott and others, 1983). Many
of the landforms found in Weber County are the result of erosion and
deposition during Lake Bonneville time, including the Bonneville Shoreline
(approximately 5,200 feet in elevation), the Provo Shoreline
(approximately 4,800 feet in elevation,) and deltas graded to the Provo
Shoreline at the mouth of Ogden Canyon and Weber Canyon. Figure 3 is a
hydrograph of Lake Bonneville which illustrates the terminology used in
describing Quaternary deposits and Bonneville lake-cycle events in this
repoert.

At the end of the Bonneville lake cycle, water levels receded to those
of Great Salt Lake. Geologic evidence indicates that Great Salt Lake
reached a post-Gilbert Shoreline high of approximately 4,221 feet about
2,000 years before present (Murchison, 1989). Archeological evidence
indicates that Great Salt Lake reached an elevation of approximately 4,217
feet sometime during the 1600s (Utah Division of Comprehensive Emergency
Management, 1985). Above average precipitation during the recent wet
cycle caused the Great Salt Lake to reach a historical high of 4,211.85
feet in June of 1986 and April of 1987 (U. S. Geological Survey records).

During the last 10,000 years (post-Lake Bonneville time), fluvial
erosion and deposition have been the dominant geologic processes in the
Marriott-Slaterville area. Fluvial sands and gravels were deposited over
Lake Bonneville sediments by the Weber River, Mill Creek, and Fourmile
Creek.
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Surficial Geology

Figure 4 is a geologic map of Marriott-Slaterville area, Weber County.
This map is from a 1:100,000 scale map by Davis (1985). Surficial
deposits in the Marriott-Slaterville area include two types: Bonneville
lake-cycle offshore lacustrine sediment (primarily Provo deposits), and
post-Lake Bonneville fluvial sediments.

The oldest sediments exposed in the Marriott- Slaterv111e study area
are Bonneville lake-cycle offshore deposits (figure 4, Qlop and Qlob).
These are predominately silt, clay, and sand which settled to the lake
bottom in offshore quiet water. These offshore deposits are well
stratified and sorted. At the ground surface in most areas these offshore
sediments were deposited when the lake was at the Provo Shoreline level,
but at depth were deposited when the lake was at the Bonneville Shoreline
level. Bonneville-level offshore deposits occur at the ground surface
south of the Mill Creek Youth Center.

Post-Lake Bonneville fluvial deposits (figure 3, Qfp) are found along
the drainages of Mill Creek, Fourmile Creek, and the Weber River. These
sediments consist primarily of sands and gravels deposited in the strean
charnels, and silt and clay overbank sediments deposited during floogd
stages. These drainages have eroded into and deposited fluvial sediments
over the Bonneville lake-cycle offshore deposits.

GEOLOGIC HAZARDS
Introduction

Potential geologic hazards in the Wasatch Front area include
earthquake hazards (ground shaking, surface fault rupture, tectonic
subsidence, 1liquefaction, seismically-induced slope failure and/or
flooding), slope failures, problem soils, flooding, and shallow ground
water. This report presents a preliminary evaluation of potential
geoclogic hazards affecting the Marriott-Slaterville area and identifies
areas in which site-specific studies should be completed prior to
development.

Earthquake Hazards

The study area is in an active earthquake zone called the
Intermountain seismic belt which extends from northwestern Montana to
southwestern Utah (Smith and Sbar, 1974). In the Weber County area, the
largest magnitude earthguake during historical time occurred in 1914 near
Ogden and was an estimated Richter magnitude 5.5 (Arabasz and others,
1979). Numerous smaller earthquakes have occurred in the Weber County
area within the last 120 years. Many of these earthquakes cannot be
attributed to known active faults, although faults capable of generating
earthquakes are present in the area. The Wasatch fault, which trends
north-south along the mountain front east of the Marriott-Slaterville
area, is the one of most concern because of its recency of movement,
potential for generating large earthquakes, and proximity to the study
area. It consists of a zone of faults and crustal deformation, sometimes
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as much as several thousand feet wide, and is considered capable of
generating earthquakes up to magnitude 7.0-7.5 (Schwartz and Coppersmith,
1984). Other fault zones, such as the Hansel Valley or East Cache fault
zones, are capable of generating earthgquakes which could cause ground
shaking damage in the Marriott-Slaterville area.

Ground Shaking

Ground shaking is the most widespread and frequently occurring
earthquake hazard and is responsible for the majority of earthquake~-caused
damage. The extent of property damage and loss of life in an earthguake
due to ground shaking are determined by several factors including: 1)
strength of seismic waves reaching the surface (horizontal accelerations
are the most damaging), 2) fregquency, amplitude, and duration of ground
shaking, 3) proximity to fault zones or epicenters, 4) foundation
materials, and 5) building design (Costa and Baker, 1981). Foundation
materials are important because ground shaking can be amplified by local
site conditions, and the site response is influenced by the nature angd
thickness of underlying unconsolidated deposits (Hays and King, 1982).

The severity of ground shaking is chiefly dependent on the magnitude
of the earthquake. Based on expected shaking levels at bedrock sites,
the Uniform Building Code (UBC) places the Marriott-Slaterville area in
seismic zone 3 and gives minimum specifications for earthquake-resistant
design and construction. The Utah Seismic Safety Advisory Council (USSAC)
places the Marriott-Slaterville area in seismic zone U-4 and recommends
application of UBC zone 3 specifications with more stringent review and
inspection to insure compliance.

Both the UBC and USSAC seismic zonations are based on expected ground
shaking in bedrock. It is important to understand that when the
fundamental mode of response of a building has the same period as the
seismic waves, the potential for high damage levels increases. Short
period waves (0.1-0.2 seconds) are most destructive to 1-2 story
buildings, whereas waves with 0.2-0.7 second periods are most destructive
to 3-7 story buildings. Longer period waves may cause damage to taller
buildings with relatively little effect on other structures. Figure 5
shows ground accelerations that are expected to occur along the Wasatch
Front, including the Marriott-Slaterville area, for various exposure
periods. In the Marriott-Slaterville area, peak horizontal ground
accelerations with a 10 percent probability of exceedance in 50 years
could be as high as 30 percent the force of gravity. Peak horizontal
ground accelerations with a 10 percent probability of exceedance in 250
years could be as high 60 percent the force of gravity in the Marriott-
Slaterville area. Maximum Modified Mercalli intensities (table 1)
associated with these ground accelerations could be as high as XIII and
X, respectively (Bolt, 1978). Donovan (1981) has determined that ground
shaking generated by earthquakes with epicenters within a 10-mile radius
of the study area could be even greater.

Significant damage due to ground shaking could occur in the Marriott-
Slaterville area in the future. It is therefore recommended that all
construction conform to Uniform Building Code standards for seismic zone
3 with monitoring by Weber County Building Inspectors as recommended by
the Utah Seismic Safety Advisory Council for their seismic zone U-4.
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MODIFIED MERCALLIINTENSITY SCALE OF 1931
(Abridged)

Notfelt encept by avery fow under especially fasorable vircumstances.

. Feltonly by afew persons at rest, especistly on upper loors of buildings. Delicately suspended ohjects
may swing.

Felt quite notveably indoors. especially on upper Noors of buildings, but many people do not recog-
nize it as un carthyuake. Standing mator cars may rock slightly. Vibration like passing of truck. Dura-
tron estimated.

During the day teltindoors by many, outdoors by few. At night some awukened. Dishes, windows,
doors disturbed. walls made cracking sound. Sensation like heavy truck striking building: stunding
motor cars rovked noticcably.

. Felt by nearly everyone: muny awukened. Some Jishes. windows, elc., broken: a few instunces of
cracked pluster: unstable objecty overturned. Disturbance of trees, poles and other tall objects some-
tmes notiwed. Pendulum clocks may stop.

Felt b,\'.m. mauny {rightened and run outdoors. Some heavy furniture moved. a few instances of tallen
plaster or dumaged chimineys. Damage slight.

. Evervbody runs outdoors. Damage negligible in buildings of good design and construction: slight to
moderate in well-butlt ordinary structures: considerable in poorly built or budly designed structures:
some chimneys broken. Nouced by persons driving motor cars.

. Damaye slight in specially designed structures: considerable in ordinary substanuial buildings with par-
tial collapse, great in poorly built structures. Panel walls thrown out of frame structures. Full of
chimneys. factory stucks. columns, monuments. walls. Heavy furniture overturned. Sand and mud
ejected in small amounts. Chunges in well water. Disturbed persons driving motor cars.

Dumuge vonsiderable in specially designed structures, well designed frume structures thrown out of
plumb; great in substantial buildings. with partial collupse. Buildings shifted ofT foundations. Ground
cracked conspicuously. Underground pipes broken.

. Some well-built wooden structures destroyed. most masonry and frame structures destroyed with
foundations, ground badly cracked. Rails bent. Landslides considerable from river bunks and steep
slopes. Shitted sand and mud. Water splashed t(slopped) over banks.

. Few_ifany (musonry), structures remain standing. Bridges destroye. Broad fissures in ground. Un-
derground pipe ines compietely out of service. Earth siumps and land slips in yolt ground. Rals bent
greatly.

Dumauge total. Waves seen on ground surfaces. Lines ol sight and fevel distorted. Objects thrown
upwurd into the air.

Table 1. Modified Mercalli intensity scale of 1931 (abridged)
(Earthquake Information Bulletin, 1974).

131



Surface Fault Rupture

Studies along the Wasatch fault zone (Schwartz and Coppersmith, 1984)
and elsewhere indicate that the most 1likely areas for surface fault
rupture are along areas of previous (prehistoric) rupture. These areas
are identified by mapping fault scarps, and the nearest scarps are along
the Weber segment of the Wasatch fault, about 3 1/2 miles east of the
study area. There is no evidence of surface fault rupture hazard in the
Marriott-Slaterville study area.

Tectonic Subsidence

Large-scale tectonic subsidence may accompany surface faulting during
large earthquakes as the downthrown block undergoes regional downdropping
and tilting toward the fault (Keaton, 1987). This subsidence may occur
over tens of miles from surface faults. Tectonic deformation maps (figure
6) for the Wasatch fault indicate that predicted subsidence due to the
"characteristic" Wasatch fault earthquake (Richter magnitude 7.0-7.5) is
less than 5 feet in the Marriott-Slaterville area (Keaton, 1987). Tilting
of the ground surface to the east may be as much as 0.5 feet/mile, however
(Keaton, 1987). These maps also indicate that flooding caused by tectonic
subsidence could occur due to ponded shallow ground water in the eastern
portion of the Marriott-Slaterville area. Tectonic subsidence is most
likely to affect lake shorelines, tall buildings, and gravity-flow systems
such as sanitary sewers, storm sewers, and canals.

Liquefaction

Ligquefaction is a phenomenon which may occur during earthquakes of
magnitude 5.0 and larger (Kuribayashi and ‘Tatsuoka, 1975, 1%977: Youd,
1877). Ligquefaction occurs when loose, saturated, fine-sand deposits are
subjected to earthguake shaking, causing the loss of essentially all shear
strength as pressures are rapidly transferred from the granular structure
of the scil to pore water (Anderson and others, 1982). Depending on
slope, four types of ground failure are commonly associated with
liquefaction (Tinsley and others, 1985; Anderson and others, 1982): 1)
flow landslides (slopes steeper than about 5.0 percent), 2) lateral spread
landslides (slopes between about 0.5 percent and 5.0 percent), 3) ground
oscillation (slopes less than about 0.5 percent, liquefaction at depth)
and 4) bearing-capacity failures (slopes less than about 0.5 percent,
liquefaction at the ground surface). Clays in excess of 15 percent may
preclude liquefaction (Anderson and others, 1982), as do confining
pressures at depths below about 30 feet (Youd, T. L., oral commun., May
19, 1986).

Liquefaction potential maps by Bay (1987) indicate that the Marriott-
Slaterville area is in a high liquefaction potential zone. The "high"
rating means that the probability of the earthquake-generated critical
acceleration needed to induce ligquefaction in susceptible soils has a
greater than 50 percent chance of being exceeded during the next 100
years. The ground-surface slope in the Marriott-Slaterville area is
generally gentler than 0.5 percent, so ground oscillation and bearing
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capacity failures are the most likely types of ground failure to accompany
ligquefaction. Slopes are locally steeper along the banks of streams and
the Weber River, and liquefaction-induced lateral spreads and landslides
could occur 1in those areas. Site-specific studies to evaluate the
liquefaction potential and, if necessary, recommend mitigative measures,
should be performed prior to construction.

Earthquake-Induced Slope Failure And/Or Flooding

Earthquakes of magnitude 4.0 or greater are generally required to
induce slope failure (Keefer, 1984). The role of earthquake ground
shaking in initiating slope failures is not well understood and no studies
assessing seismic slope stability in the Marriott-Slaterville area have
been completed. Those slopes most susceptible to non-seismically induced
landsliding are most 1likely to fail during an earthquake, and it is
recommended that all slope-stability studies (see next section) include
analyses under seismic conditions during both moderate and 1large
carthquakes.

Flooding due to earthquake events may result from dam fzilure,
tectonic subsidence, discharge of ground water, and diversion of surface
drainage. Earthgquake-induced flooding in the Marrioctt-Slaterville area
is most likely to occur along the Weber River due to dar failure upstrean
on either the Ogden or Weber Rkiver (U. S. Bureau of Reclamation, 1983;
Harty and Christenson, 1988), or poncding of shallow ground water due to
tectonic subsidence (Keatcn, 1987).

Slope Failure

No slope failures have been identified in the Marriott-Slaterville
area. Slope failures could occur along drainages where stream erosion has
created steep bluffs. Development, where possible, should be set back
from those bluffs where slopes are steeper than 2.5 horizontal to 1
vertical. Prudent setback distances can be determined on a site-specific
basis by projecting a plane at a 2.5 (horizontal) to 1 (vertical) slope
(40 percent) through the center of the steep slopes, and not building
closer than where this plane intersects the present ground surface. These
setback distances would generally not be large in the Marriott-Slaterville
area because the bluffs are not high, and would also serve to protect
development from being undermined by stream erosion. Should development
within this setback distance be necessary, site-specific slope-stability
and erosion-potential studies should be performed prior to approval of the
proposed development.

Problem Soils

Potential problem soils include collapsible (hydrocompactable) soils,
compressible organic scils, and soils with a high shrink-swell potential.
Problems with soils can also occur due to differential compaction when
construction occurs on sediments with different characteristics. Erickson
and others (1968) mapped the soils in the Marriott-Slaterville area.
Soils in the study area mostly have only low to moderate shrink-swell
potential, but soils of the Kirkham series also occur and these soils have
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a high shrink-swell potential (Erickson and others, 1968). Compressible
organic soils may occur in areas of former swamps or shallow lakes.
Standard soil and foundation investigations should be conducted prior to
development so that problem soils may be identified and, if necessary,
mitigative measures may be suggested.

Shallow Ground Water

Depth to shallow ground-water maps have not been produced for the
Marriott-Slaterville area. Regional maps indicate that depth to ground
water may be less than 10 feet, however (Hecker and Harty, 1988). It is
likely that perched ground water is present in some areas, especially in
the vicinity of the drainages. The presence of shallow ground water and
potential problems may be identified and, if necessary, mitigative
measures suggested by conducting standard soil and foundation
investigations prior toc development.

Flooding

Floods are most likely to occur in response to cloudburst storms or
rapid spring snowmelt and runoff, with the most serious flooding usually
occurring along the weber River. The primary cause of flooding along the
wWeber River is rapidly melting snow from late April to early July (Federal
Ernergency Management Agency, 1982a). The largest snowmelt floods of
record on the Weber River occurred in 18%6, 1907, 1903, 1920, 122, and
1952 (Federal Emergency Management Agency, 1982a).

The potential 100-year flood plains in the Marriott-Slaterville area
are shown in National Flood Insurance Program Flood Insurance Rate Maps
for unincorporated Weber County (Federal Emergency Management Agency,
1982b). Flood hazards in the Marriott-Slaterville area occur principally
along the Weber River. Figure 7 is a floodway schematic showing terms
associated with the 100-vear flood. The 100-year flood is divided into
a floodway and a floodway fringe. Development should not be permitted in
floodway areas. Development may take place in floodway fringe areas by
raising the ground elevaticn. Care must be taken when allowing
development in the floodway fringe because encroachment on floodplains
reduces the flood-carrying capacity, increases the flood heights of
streams and rivers, and increases flood hazards in areas beyond the
encroachment itself (Federal Emergency Management Agency, 1982a). Weber
County has adopted the National Flood Insurance Program and Federal
Emergency Management Agency guidelines for development in flood hazard
areas should be followed.

RECOMMENDATIONS

Geologic hazards affecting the Marriott-Slaterville area have been
identified in this report. Potential loss of life and property due to
these hazards can be lessened if the proper site-specific studies are
completed prior to development and, if necessary, mitigative measures are
taken. Site-specific liquefaction studies are recommended prior to
construction because the entire area is in a high liquefaction potential
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zone. Standard soil and foundation studies to identify problem soils and
shallow ground water are recommended prior to the construction of all
permanent structures throughout the study area. Slope-stability studies
including factor of safety analysis under both static and earthquake
ground-shaking conditions (using both moderate and large magnitude
earthquake parameters) should be completed prior to any development in
close proximity to erosional bluffs exceeding slopes of 2.5 horizontal to
1 vertical. No permanent structures should be placed in the 100-year
floodway, and development in floodway fringe areas should follow Federal
Emergency Management Agency guidelines. Approval of proposed development
should be contingent upon review and acceptance of completed engineering
geologic and soil foundation reports by a qualified engineering geologist
and the Weber County Engineer.

Maps in this report were excerpted from hazard maps available at the
Weber County Planning Department. Maps depicting other geologic hazards
not present in the Marriott-Slaterville area (surface fault rupture,
landslides, debris flows, and rock fall) are also available at the Weber
County Planning Department.
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Project. Requesting Agency:

Review of report "Notice of intent to Envirormental Health

construct gold processing facilities, Bureau of Water

Barneys Canyon Project" Pollution Control
By: G.E. Christenson Date: Caunty: Job No.:

W.F. Case Salt lake (R-1)8802
USGS Quadrangle:
lark #1173

In response to a request fram Charlie Dietz, Bureau of Water Pollution
Control, a review of the seismic hazards section of the "Notice of Imtent (NOI) to
Construct Gold Processing Facilities, Barmeys Canyon Project" (JER Consultants
Group, 1988) was campleted. The scope of work for this review included a study of
the geotechnical reports for the site by Sergent, Hauskins, and Beckwith (1988a,
1988b) on which the NOI was based. No field irnvestigation or air photo
interpretation was made for the review and only seismic hazards were considered.

The site geologic corditions and potential for envirommental contamination under
static conditions have been reviewed by Bureau of Water Pollution Control geologists
and ergineers.

The proposed project imvolves development of a heap leach system cansisting of
lined leach pads and pords. The system is designed to contain all solutions so that
the potential for enviromental contamination is low. In evaluating earthquake
hazards at a site such as this, the principal consideration is to minimize the
possibility of rupturing pord or pad liners or causing failure of embankments
allowing escape of solutions to the enviramment. The earthquake hazards which could
potentially do this include: 1) swrface fault nphuwre, 2) grood shaking, 3)
liquefaction-induced ground failure, and 4) seismically-induced slope failure.

The report adequately addresses surface fault rupture hazards by stating the
location of the nearest faults and indicating a lack of evidence for surface
faulting at the site. The West Valley fault zone in West Valley City is amitted
fram their analysis, but it is about 15 miles to the northwest and does not
traverse the site.

Ground shaking is addressed in the report by calculating the peak horizontal
ground acceleration for the site corresponding to a 500 yr recurrence interval.
This is the recurrence cammonly used in building and site design, and the value of
0.18 g abtained in this analysis corresponds well with recent generalized
probabilistic studies which yielded values ranging fram slightly less than 0.2 g
(Algermissen and others, 1982) to slightly greater than 0.20 g (Youngs and others,
1987). Ground shaking itself is unlikely to directly effect liners or embankments,
but is important because it may induce liguefaction or slope failure.

Liquefaction potential is not addressed in the NOI report, but is implied in
the gectechnical report (Sergent, Hauskins, and Beckwith, 1988a, p. 54) to be low
and was eliminated as a failure mode in the seismic slope stability analysis.
local perched water tables occur at depths of between 23 and 47 feet (p. 28), amd
site soils are poorly sorted with much clay ard gravel. These conditions indicate a
low liquefaction potential. Also, generalized liquefaction potential mape for Salt
lake County (1:46,000 scale) do not show a liquefaction hazard here, although the
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area is at the edge of the map and perhaps outside the study area (Anderson and
others, 1986).

The seismically induced slope failure potential as summarized in the NOI report
is unclear, but is discussed in detail in the geotechnical reports (Sergent,
Hauskins, and Beckwith, 1988a, 1988b) for both the waste dumps and leach heaps. The
U@&Sismtqwlifiedtocamnentmﬂea'girearingaspectsoftkeevaluatim, but
assuming the calculated factors of safety are correct, it is indicated that leach
heaps at the proposed slope of 1:1.38 may experience failure under the design
acceleration of 0.18 g with displacement of less than 6 inches (Sergent, Hauskins,
and Beckwith, 1988a, p. 55-56). This is considered to be within safe limits by
Sergent, Hauskins, and Beckwith. Although the usage of the term "safe" is unclear,
1tseemslMlyﬁzatsudmadwplacare:ﬁcwldnpmmﬂepadlmarallwugescape
of leach fluids into underlying soils. Such a possibility is not discussed, but may
cause envirommental conmtamination and render the pad umsable until zepai.red.

In conclusion, the principal earthquake hazards have been adequately addressed
and the site appears to be suitable for the proposed use, at least fram the
standpoint of earthquake hazards. One possibility not covered is that of rupture of
the artificial liner resulting fram a seismic slope failure, and the resulting
potential for enviromental contamination. If the Bureau of Water Pollution Comtrol
considers this to be a significant concern in view of their analysis of site soils,
liner design, and potential for contamination, we suggest this issue be addressed
prior to approval.
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Preject: Roguesting Agency:
Review of report "Notice of intent to Envirormental Health
construct gold processing facilities Bureau of Water
for the Tenneco Goldstrike Project" Pollution Control
By: Date: Comnty: . Job Nes.: (R-2 )
G.E. Christenson 7—6-88 Washington 88-03
USG gle: .
SMRRES Goldstrike (163)

In response to a request from Charlie Dietz, Bureau of Water Pollution
Control, a review of the seismic hazards section of the "Notice of Inmtent (NOI) to
Caonstruct Gold Processing Facilities, for the Tenneco Goldstrike Project" (JER
Consultants Group, 1588) was campleted. No field investigation or air photo
interpretation was made for the review and only seismic hazards were considered.
The site geclogic conditions and potential for envirormental contamination under
static conditions have been reviewed by Bureau of Water Pollution Control geologists
and engineers.

The proposed project irnvolves development of a heap leach system consisting of
lined leach pads arnd pords. The system is designed to contain all solutions so that
the potential for envircrmental contamination is low. In evaluating earthguake
hazards at a site such as this, the principal consideration is to minimize the
possibility of rmupturing pond or pad liners or causing failure of embankments
allowing escape of solutions to the envirorment. The earthquake hazards which could
potentially do this include: 1) surface fault rupture, 2) ground shaking, 3)
liquefaction-induced ground failure, and 4) seismically-induced slope failure.

The report discusses the probability of Quaternary-age surface fault rupture on
the Gunlock fault, which is the nearest active fault. Because it does not traverse
the site, the surface fault rupture hazard is low.

Groord shaking is addressed in the report by indicating that a lateral
acceleraticn of 0.1 g is unlikely to be experienced during the coperationa®l life of
the site (6-7 yrs). The peak horizontal ground acceleraticn for the site
corresponding to a 500 year recurrence interval fram recent generalized
prcbabilistic studies ranges from 0.1 to 0.2 g (Algermissen and others, 1982). For
a site with an operational life of 6-7 years, it may be more aprropriate to use the
100-year recarrence (10% prcbability of exceedence in 10 years) values which are
between 0.04 amd 0.1 g, in generz]l agreement with those in the report. Ground
shaking itself is unlikely to directly effect liners or embankments, but is
important because it may induce liquefaction or slope failure.

Liquefaction potential is not addressed in the NOI report, but can be
considered very low because the leach pads will be on bedrock and grarmular £ill in
which a water table is unlikely to develop.

The seismic slope stability is discussed in the report in general terms based
on a literature study only. Because leach heaps are gramular material subject more
to "angle of repose” ravelling and sloughing than rotational failures, and slopes
will be held to 2:1, settlement of the heap and sloughing arcund the edges would be
the most likely affect of ground shaking during an earthquake (as indicated on page
22). The greatest hazard would be due to a failure of the rock below the heaps. No
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landslides are shown in the geologic map or cross sections of the leach pad, amd
Brian Buck of JER Consultants (oral cammum., July 1, 1988) indicated that the rock
is campetent and over lying soils will be removed prior to construction of the pad.
The heap will be set back from the edge of the pad, also reducing the likelihood of
failure.

In canclusion, the principal earthquake hazards do not pose a threat to the
site and it appears to be suitable for the proposed use, at least from the
standpoint of earthquake hazards. The possibility of failure of natural materials
beneath the pad is not addressed in the report, but is considered to be low by JER
Consultants and no evidence exists to indicate otherwise.
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Project: Rognanting Apeacy:
Review of an Earthstore report, Utah Division of
proposed water tank near Snake Parks and Recreation
Creek Canyon, Wasatch County, Utah
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"Gary E. Christenson|  §-19-88 g4 Wasatch 88-05 (R-3)

USGS Quednagle: Brighton (1169)

At the request of Frank L. Roberts of the Utah Division of Parks and Recreation,
the Utah Geological and Mineral Survey (U@YS) reviewed an Earthstore engineering
geology/gectechnical engineering report (Job no. 17363-001-47) for a proposed 117,000-
gallon water tank near Snake Creek Canyon, about 6 miles northwest of Heber City in
Wasatch County. The proposed water tank site is in the SE 1/4 of section 18, T. E S.,
R. 4 E., Salt lake Baseline and Meridian, ard is to provide water to the nearby K & J
Subdivision. The proposed site is on state land owned by the Utah Division of Parks
and Recreation (UDPR), and the Earthstore report was prepared for the Snake Creek
Property Owners Association in response to a request from UDPR. The scope of the
review was limited to an evaluation of the Earthstore report, and other geclogic
literature available for the area swrrouoxding the site. No field work was undertaken,
and only the sections of the report relating to slope stability were reviewed. The
UES does not maintain staff expertise needed to review the gectechnical engineering
sections covering earth work and fourdations.

The report satisfactorily explains the geologic corditions at the water tank
site. Both the Earthstore report and one campleted by the U&S (Klauk and Mulvey,
1987) estimate the large lardslide at the site to be old (early Holocene cor late
Pleistocene). Based on the landslide's estimated age and the abservation that the
slide did not reactivate during the recent wet cycle (1982-1986), Earthstore
classifies the landslide as stable. Although this evidence indicates that the large
landslide is probakly stable, it is not uncommen to have smaller parts of these olg,
large landslides move independently, particularly when disturbed by man. The best
way to determine the stability at a particular site on a slide is to perform a factor
of safety analysis based on scil, slope, and ground-water conditions at the site.
Earthstore apparently did not consider it necessary to perform such a study, but makes
several recormendations to reduce the risk of failure which should be closely
followed. One of these is to install subdrains beneath the water tank (p. 12) and
anocther is to drain discharge to an area well away and downslope from the site. Given
the nature of the area, with its susceptibility to earth flows, debris slides, and
debris flows, adegquate drainage of surface runcff as well as any potential leaks from
either the water tank or conveyance pipes is strongly recamended.

Examination of topographic maps indicates that should the water tank fail, by
slope movement or cother means, flood waters would likely drain downslope into an
unnamed ephemeral creek which flows eastward through the K & J Subdivision. It would
be prudent for the responsible party to consider the possibility that flood water
fram a failure of the tank may flow through the subdivision, and determine whether
such flooding would present hazard to life or property.

In conclusion, the report adequately documents geologic conditions in the site
area, and the assessment that the large landslide is presently stable and has been
stable for at least the past few thousand years is reasonable. The report addresses
the potential for local slope instability at the site caused by grading and disnugption
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of drainage by making several recamendations, particularly with regard to drainage,
that are very important. Care should be taken during construction to see that these
are followed. Because a factor of safety analysis was not dane, it is important to
understand that the stability assessment is based on qualitative judgement and
experience, ard does not preclude the possibility that a failure affecting the site
may occur. :
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Project: | Roguesting Agency:
Review of Radiocactive Material License Utah Division of
Application for Regional Low-level Envirommental Health
Radiocactive Waste Disposal Facility, Bureau of Radiation
Montrose County, Colorado Control
By: Date: County: Job Ne.: (R—4)
Barry J. Solamon 9-19-88 Montrose 88-06
USGS Quadrangle:
Uravan, Montrose County, Colorado

In response to a request from larry Anderson, Director, Bureau of Radiation
Control, a review of the geotechnical portion of the Radiocactive Material License
Application for the proposed Regional low-level Radiocactive Waste Disposal Facility,
Montrose County, Coleorado, was performed. No field investigation or detailed
literature search was conducted for this review. The license application was prepared
by Umetco Minerals Corporation. Included with the application as Appendix A were
extracted sections from an envirommental report prepared by Gibbs & Hill, Inc. The
Gibbs & Hill report summarizes geotechnical investigations performed by Chen &
Associates, Inc. The original Gibbs & Hill and Chen & Associates documents, however,
were not reviewed. An earlier review of the license application was conducted by The
MARK Group Engineers and Geologists, Inc. (1988). Draft comments by The MARK Group
indicate serious shortcomings of the Umetco license application, and many of their
comments are corroborated in this review.

The proposed facility lies on the southwestern edge of Spring Creek Mesa,
approximately 20 mi (32 km) east of the Utah border. The site lies within the San
Miguel River Sub-Basin, a portion of the Dolores River Drainage Basin. The Dolores
River, in turmn, flows northwestward into Utah and joins the Colorado River about 15 mi
(24 km) northeast of Arches National Park. If a release of contaminants from the
facility occurred, a significant potential for degradation of water quality in
southeastern Utah would exist. The purpose for review of this license application in
Colorado is to safequard the health and safety of the people downstream in
southeastern Utah.

The most abvious and sericus deficiency of the Umetco application is the lack of
site-specific geotechnical information. A two-phased approach is proposed by Umetco
for development of the facility: 1) Phase I includes the design, construction,
operation, monitoring, and closure of a surface facility for disposal of radium-
contarinated soils and debris, and 2) Phase II includes development of a deep
undergroand site for disposal of low-level radiocactive wastes generated in the Rocky
Mountain Low-level Radioactive Waste Campact. The geotechnical information Umetco
relies upon, however, was not collected fram either Phase I or Phase II sites. The
information, in fact, was not even generated for this project. The Gibbs & Hill
report (Appendix A) and the Chen & Associates geotechnical study were prepared for an
earlier Union Carbide proposal for a tailings and effluent impoundment project
associated with nearby mining. The tailings project was proposed for the flat mesa
top, whereas the radicactive waste disposal project is proposed to the southwest on
the steeper flanks of the mesa. The project areas are not the same, and site-
specific data collected at one camnot be used at the cther. In addition, the tailings
project did not encampass any aspect of deep underground burial, which is a very
important part of Phase II of the license application for the radicactive waste
disposal project. The Umetco application states that "The license application is not
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for final approval" of the Phase II (underground) site, "but is intended to present a
basic design and disposal concept along with the appropriate envirommental information
so that public camments can be dotained" (final parag*aph Executive Summary). Non-
site-specific envirommental information, though, is not “appropriate" for a license
application. Such information may be suitable for a site selection and screening
process, but a license application should be well beyond the conceptual design phase.
Detailed site characterization should be undertaken prior to application submittal,
and site-specific characterization data should be an integral part of the license
application. Comments from interested parties should arise from an adequate data
base. That the data is inadequate is evident from camments of The MARK Group, some of

which are paraphrased below.

The MARK Group draft review contains several camments on the adequacy of both
natural and engineered barriers to contain leachate. Of primary importance to Utah is
the potential for transport of leachate into ground and surface water and ultimate
migration of contaminants into the state. The host rock is not a good natural
barrier, with significant potential for migration of leachate through the natural
system by flow in a well-developed joint system noted by Gibbs & Hill, and in fault
zones, same of which are present in the area. As stated in the license application,
several faults in the region are considered potentially active (Kirkham and Rogers,
1981). The potential for rupture of engineesred barriers at both surface and ’
subsurface facilities by fault movement has not been addressed in the report, but such
rupture could damage ring dikes and clayey liners in the surface facility amd waste
packages in the subsurface facility.

The MARK Group has indicated that the integrity of the site may be further
campramised by at least two other geologic factors: coarse—grained, permeable fluvial
channel deposits in the host rock, and failure of slopes. Gravel channels may be
present in the host rock, and their presence and significance as pathways for
contaminant movement must be considered. Slope failures could contribute to loss of
radiocactive waste material from the surface disposal facilities and contairment
structures, resulting in downstream transport of wastes.

In their more detailed review, The MARK Group also makes same quantitative
estimates of several factors which the applicant must respond to prior to project
development. The estimates relate to ground-water geochemistry, design of clay liners
and cover, and seismic analysis. In addition, adequate programs to monitor ground
water movement and soil and rock movement at the site must be developed and instituted
prior to resubmittal of the license application. Finally, the potential effects of
historical mining and minerals exploration activity has not been investigated, or a
thorough borehole search and characterization program conducted to ensure that
previcus activities have not created pathways between the waste and water-bearing
units.

The license application submitted by Umetco Minerals Corporation is inadequate to
support development of a regicnal low-level radicactive waste disposal facility in
Montrose County, Colorado. The Utah Geological and Mineral Survey, while not
erdorsing each specific review cament of the MARK Group, agrees with their conclusion
that "...the application and proposed action have serious technical shortcamings, most
of which will require additional data collection and analysis...". The lack of site-
specific data, and the extrapolation of data from an adjacent area, is not responsive
to concerns over potential ground and surface water contamination which may affect
southeastern Utah. We recammend that the state of Utah follow the progress of this
license application and continue to comment where necessary to ensure that all prudent
precautions are taken prior to development.
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Project: v Roquesting Agracy:

Review of soil foundation report, Community Impact
J. W. Powell Museum, Green River, Utah. Board

By Date: Coasty: JaNe: (R=5)
William E. Mulvey 2-22-89 Emery County 89~-02
USGS Quadrangie:

Green River (625)

As a part of the Utah Geclogical and Mineral Survey (UGMS) contract
with the Department of Community and Economic Development, the UGMS
has reviewed the Soil and Foundation Investigation conducted by
Rollins, Brown and Gunnell, Inc. for the J. W. Powell Muszum in Green
River, Utah. The purpose of the review was to evaluate whether
geologic hazards at the site were adequately addressed. We realize
that the building is now under construction, and our comments are
given to make the owners aware of possible hazards and to consider
remedial actionrs that may be taken.

The building is in the 100-year flood plain of the Green River, as
designated by the Federal Emergency Management Agency (FEMA) Flood
Insurance Rate Map for the City of Green River. 2Although we have not
evaluated the FEMA study for accuracy, the presence of the site in
the flood plain indicates a hazard may exist and that the site is
covered under the federal flood insurance program (if adopted by the
city). Engineers for the building should be made aware that the
building is in a designated flood plain, and contact FEMA to decide
an appropriate action.

A concern regarding foundation stability is the presence of the
Mancos Shale beneath coarse alluvial gravels ten feet below the
surface in test holes 1 and 4. The Mancos Shale is known to have a
high shrink-swell potential and has damaged improperly designed
structures in Green River and elsewhere. The coarse alluviunm
overlying the shale may allow surface water to percolate downward and
reach the shale, causing shrink-swell problems. Although we cannot
assess the adequacy of the foundation design to account for shrinking
and swelling in the shale, we recommend that precautions be taken in
landscape design to avoid changes in moisture content in the Mancos
Shale. Such precautions include collecting runcff from the roof and
ground and diverting it away from the building. Attention should
also be paid to water requirements of vegetation planted near the
building foundation; it is advisable not to apply water to soils
around the foundation or to let the water table rise beneath the
building if it can be avoided.
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Project: Regquesting Agency:

Review of Colorado Department of Health Utah Division of
Hearing Exhibits Related to a Proposed Low- Environmental Level
Radiocactive Waste Disposal Facility, Health, Bureau of
Montrose County, Colorado Radiation Control
By: Date: County: Job Ne.: (R- 6 )
Barry J. Solomon 3-1-89 Montrose (Colorado) 89-02
USGS Quadrangle:

Uravan 7-1/2 minute

Introduction

In response to a request from Larry Anderson, Director, Bureau of
Radiation Control, a review was performed of the geotechnical
portions of exhibits presented to a hearing before the Colorado
Department of Health on November 17 and 18, 1988. The hearing was in
regard to the application of Umetco Minerals Corporation for a
Specific Radioactive Material License for a Regional Low-Level
Radioactive Waste Disposal Facility. Particular emphasis of the
review was placed on the: 1) Ground Water Investigation Report,
prepared for Umetco by Bishop-Brogden Associates, Inc., September,
1988; 2) Geotechnical Study, prepared for Umetco by Western
Engineers, Inc., September, 1988; 3) Hydrology Study, prepared for
Umetco by Western Engineers, Inc., September, 1988; and 4) reporter's
transcript of proceedings. This material reflected the results of
field and laboratory investigations conducted after the preparation
of the License Application by Umetco, which was reviewed by UGMS on
September 19, 1988.

The proposed facility lies on the southwestern edge of Spring Creek
Mesa, approximately 20 mi (32 km) east of the Utah border. The site
is on the San Miguel River in the Dolores River Drainage Basin. The
Dolores River flows northwestward into Utah and jocins the Colorado
River about 15 mi (24 km) northeast of Arches National Park. If a
release of contaminants from the facility occurred, a potential for
degradation of water quality in southeastern Utah would exist. The
purpose for this review is to help safeguard the health and safety of
the people in southeastern Utah downstream of the proposed facility
by determining the likelihood of contamination of the San Miguel
River. :

The integrity of the facility will depend upon a combination of
engineered and natural barriers. Engineered barriers include a clay
cap, clay liner, ring dike, and grouting and sealing of fractures.
The cap and ring dike are to retard infiltration of surface water
into the facility and to protect it from erosion. The liner,
grouting and sealing are to prevent any possible transport of
contaminants from the facility into aquifers. The Umetco proposal
presumes that there are no "fatal flaws" to the site, and that the
only geologic limitation to the site is its "low to moderate
fracturing." This premise appears correct because no "fatal flaws"
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are positively identified; however, there are indications of possible
geohydrologic shortcomings. Also, the dependence of site integrity
upon engineered barriers is not sound practice. Engineered barriers
for such a critical facility should only serve as backup to natural
barriers.

Geohydrclogy

Two aquifers exist in the site vicinity: 1) the Kayenta-Wingate
aquifer of Triassic age, which occurs about 360 feet below the
surface at the proposed site, and 2) the Salt Wash Member of the
Morrison Formation of Jurassic age, which occurs at the site beneath
a thin veneer of Quaternary alluvial deposits (Bishop-Brogden
Groundwater Investigation Report, 1988). Rocks at the site strike
northwest and dip gently to the northeast.

The Kayenta-Wingate system is the principal ground-water aguifer
beneath the site. Infiltration through overlying, relatively
impermeable beds of the Morrison and Summerville Formations occurs at
a very low rate, according to the Bishop-Brogden Ground Water
Investigation Report. The construction of engineered barriers for
the repository will slow the rate of infiltration even further, with
a travel time of 1800 years for water to infiltrate to the Kayenta-
Wingate from the surface as calculated by Bishop-Brogden. Should
ground water reach this aquifer by flow through fractures in
overlying beds, however, contaminants might be discharged into the
San Miguel River through outcrops of the Kayenta near the base of
Spring Creek Mesa; this would be of particular concern to Utah. A
review of the grouting and sealing program to inhibit fracture flow,
and a review of input into the hydrologic models and methods of
analysis, should be performed to confirm study conclusions, but are
beyond the scope of this review.

The presence of saturated flow within the Salt Wash Member beneath
the site, and a mechanism for recharge, are points of contention that
may require further study. Umetco believes the Salt Wash Member is
essentially dry at the site and that whatever ground water exists in
the Salt Wash Member offsite is not recharged by infiltration onsite.
Several wells have been drilled in the vicinity of the proposed site
(figure 1). Well H-31, 2900 feet northeast of the site down dip,
contains free water immediately below the Salt Wash Member in the
Summerville Formation. 7Tne Tabegquache #2 and Spring Creek #1 wells,
about 2 miles southeast of the site along strike, yield 120 gpm from
the Salt Wash Me —er. Well H-35, located 560 feet east of the site,
encountered water from depths of 123 to 127 feet in the upper part of
the Salt Wash Member, but did not test the lower part; the well was
pumped dry within 75 minutes, with an estimated production of less
than 0.2 gallons per minute. Six other wells on or near the site did
not encounter water in the Salt Wash Member. Wells H-31, Tabegquache
#2, and Spring Creek #1 were drilled prior to 1988 for purposes
unrelated to the present study. Well H-35 and the six other wells
were drilled in August, 1988 for characterization of the Umetco site.
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Umetco believes that the Salt Wash Member receives no significant
recharge from drainage into, and infiltration through, the site
because of the small size of the area. The hydrology study (Western
Engineers, Inc., 1988, p. 1) states that "The total area tributary to
the developed site is approximately 47 acres inclusive of the site."
However, it was not proven that no recharge occurs and it is possible
that during the course of a year, drainage from 47 acres may
infiltrate the site, enter the Salt Wash Member, and travel down dip
toward potentially potable ground water northeast of the site.
Production that was encountered in H-35 was tested for only one day
in a dry season (August, 1988), and was not monitored over a period
of tire to account for differences in precipitation and infiltration.

To clarify the potential for infiltration and recharge of the Salt
Wash Member onsite, well H-35 should be deepened to the base of the
Salt Wash Member and monitored during the spring to determine water
levels in the period of maximum potential infiltration. Should
significant water be encountered, additional wells should be drilled
and tested 1) updip, toward the site to trace the extent of water-
bearing strata; and 2) along strike to determine the hydraulic
connection, if any, between well H-35 and other wells with known
production from the Salt Wash Member. Because sandstone in the Salt
Wash Member was deposited in fluvial channels, these discontinuous
channel deposits may not have been accurately detected by the initial
drilling program; water-bearing strata in H-35 may not have been
encountered on-site due to lateral variations in lithology.

Contamination of the Salt Wash aguifer, though, is of less concern
to Utah than to Colorado because ground water flow in the Salt wWash
Member is to the northeast, away from the San Miguel River. The Salt
Wash Member occurs below the level of adjacent creeks north and east
of the site, and would not likely contaminate surface water flowing
from the San Miguel River into Utah.

Geologic Hazards

Geologic hazards may reduce the effectiveness of engineered
barriers. The liner, grout, and seals might be broken by surface
faulting, and cap material and protective ring dikes may be destroyed
through mass movement from adjacent slopes in the overlying, slide-
prone Brushy Basin Member of the Morrison Formation. Existing
information suggests that these events are unlikely during operation
and post-closure monitoring of the facility, but opportunity should
be taken prior to licensing to assess these potential impacts.
Active faulting might create a hazard for Utah by rupturing liners
and other engineered protection and providing a direct pathway for
contaminants to enter the Kayenta-Wingate agquifer and ultimately the
San Miguel River. Mass movement may create a hazard by damaging the
cap, liner, or ring dike, disrupting drainage and exposing the
material to erosion by surface water with eventual flow into the San
Miguel River.
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Three faults have been identified in the vicinity of the site
(Cater and others, 1955; McKay, 1955), the closest lying 1.5 miles to
the northwest and trending southeast toward the slope at the
northeast edge of the site. No minimum age of movement has been
placed upon these faults, but the site lies between potentially
active faulting of the Uncompahgre Plateau and the Paradox Valley
(Kirkham and Rogers, 1981). Although no active faults have been
identified onsite, there is no indication that Umetco has undertaken
a detailed study of air photo lineaments and Quaternary surficial
materials to address this possibility. Additional studies of this
type are recommended for complete assurance of site integrity.

Landslide potential is a particular threat in the Brushy Basin
Member which underlies the slopes one-guarter mile north and east of
the site. During periods of increased rainfall, and along fracture
or fault planes, the bentonitic shales are particularly susceptible
to failure, similar to occurrences in the Brushy Basin elsewhere in
Colorado and Utah. No discussion was presented by Umetco regarding
the presence or absence of landslides on slopes adjacent to the
proposed site, or the hazard they may pose.

Conclucsions and Reccnmendations

No "fatzl flaws" have been identified at the proposed site of a
low-level radioactive waste disposal facility in Montrose County,
Colorado. The existence of such flaws appears unlikely, but minimal
effort would contribute to confidence in the suitability of the site.
Ground-water recharge through the site, rupture of the site and
engineered barriers by active faulting, and disruption of engineered
barriers by landslides from adjacent slopes are all possibilities
whose potential could be accurately determined with a more complete
site characterization program. This program may include geophysical
surveys, additional drilling and ground-water monitoring as required,
and detailed study of Quaternary deposits and geologic structures.
Studies directed toward potential faulting and landslides are of more
concern to Utah because these hazards may introduce contaminants into
the San Miguel River. Although the gechydrologic studies are
important tc Colorado because they address the possibility of
contamination of the Salt Wash Member aquifer, they are of less
concern to Utah because this agquifer near the site does not discharge
to the San Miguel River, and its contamination would likely have no
downstream effect in Utah.

Review of engineered barrier design and of hydrologic modeling,
which is beyond the scope of this review, should be conducted by the
state of Utah. Dependence upon engineered barriers as the primary
protection against potential site failure is not sound engineering
practice; the natural environment should be capable of waste
containment for such a critical facility.
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Appendix

1988-89 Publications of the Applied Geology Program

MAPS

Hecker, Suzanne, Harty, K.M,, and Christenson, G.E., compilers, 1988, Shallow ground water and
related hazards in Utah: Utah Geological and Mineral Survey Map 110, scale 1:750,000.

Harty, KXM., and Christenson, G.E., 1988, Flood hazards from lakes and failures of dams in
Utah: Utah Geological and Mineral Survey Map 111, scale 1:750,000.

CIRCULARS

Christenson, G.E., 1987 (reprint), Suggested approach to geologic hazards ordinances in Utah:
Utah Geological and Mineral Survey Circular 79, 16 p.

MISCELLANEOTUS PUBLICATIONS
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Black, B.D., compiler, 1988, Technical reports for 1987 - Site Investigation Section: Utah
Geological and Mineral Survey Report of Investigation 216, 115 p.
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