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PREFACE

The Site Investigation Section is part of the Utah Geological and Mineral
Survey Applied Geology program. The section is charged with providing
assistance to tax-supported entities (cities, towns, counties, state agencies,
school districts) on matters where geologic factors are of concern. As a
conseqguence, the Site Investigation Section undertakes a broad spectrum of
projects that vary in length and complexity. Emphasis is placed on site
evaluations for critical public facilities (police and fire stations,
hospitals, water treatment plants) and schools. The section also conducts
investigations to answer specific geologic or hydrologic questions from state
and local governments. Examples include evaluation of protection zones
required for culinary springs and investigating slope stability or soil
problems in developing areas for county planning departments. Such projects
are usually of short duration (a month or less) and are performed at no cost
to the requesting agency. At times, however, the Site Investigation Section
conducts studies of a longer and more detailed nature. These studies are also
designed to meet a specific need, and are generally performed under a
cost-sharing program with the public entity requesting the study.

Information dissemination is major goal of the UGMS, and Site
Investigation Section studies considered of general interest to the public are
published in one of several UGMS formats (Report of Investigation, Special
Studies, Bulletin) that allow for wide distribution and long-term
availability. They are included on the UGMS publications list. Special
Studies and Bulletins can be purchased from the UGMS and are placed in
libraries throughout the state. Reports of Investigation can be obtained for
the cost of reproduction at the UGMS publications sales desk. However, most
Site Investigation Section special-purpose projects address specific problems
of interest to a limited audience. The results of these studies are commonly
presented in a technical report and are distributed on a need-to-know basis.
Copies of the reports are maintaimed in the Site Investigation Section files.

The purpose of this Report of Investigation is to present in a single
document the thirty-nine special purpose technical studies done by the Site
Investigation Section in 1985 (fig. 1) which recieved only limited
distribution. The reports are grouped by topic, and the author(s) and
requesting agency are indicated. Minor editing has been performed for clarity
and conformity, but no attempt has been made to upgrade the oringinal
graphics, most of which were produced using a copying machine. This report
represents the third of an annual compilation of such studies, and is intended
to make the results of all Site Investigation Section projects more easily
available to the public.

—

William £. Mulvey
April 1G, 1986
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Project: Requesting Agency:

Geologic site investigation for a vrovosed fire Citv of Monticello
station, Monticello, Utah

. < C : Job No.:
By'G.E. Christenson Date ounty - ° ,,0
K.M. Hartv 4/17/85 San Jaun DE--1
USGS Quadrangle:
Monticello SE (249)
85-009

BACKGROUND AND SCOPE

In response to a request from Richard C, Terry, City Administrator for the
City of Monticello, Utah, the Utah Geological and Mimeral Survey made a
geologic evaluation of a prcposed fire station site., The propcsed facility is
toc be built in downtown Mcnticello on a vacant lot adjacent to the existing
fire station on the north side of 100 South between Main and 100 West
(attachment 1). The new station will be built slab-on-grade with no
basement. The scope of work included a literature review, air phcto analysis,
examination of a water well log (well locaticn shown in attachment 1), field
reconnaissance, and excavation of a 9.5 foot deep test pit on the proposed
building site. Field work was performed on March 21, 1985. Monticello Puplic
works Director, Clyde Christensen, was present during the field investigation.

SOILS AND GENERAL GECLOGY

The site and surrounding area are part of the Great Sage Plain, an upland
plateau surface covered by unconsolidated Quaternary-age loess and eolian
(wind-deposited) sands that reach thicknesses of up tc 10 feet (Witkind,
1964). These deposits are generally reddish-brown to light brown in color,
and vary from very fine-grained sand with small amounts of silt and clay to
coarse-grained sand (Huff and Lesure, 1965). U.S. Scil Conservation Service
maps show soils at the site to consist of the Monticellc lcam (Olsen and
others, 1962). This scil is an eolian, well-drained, very fine sandy lcam
that covers the northern two-thirds of the city. Calcium carbcnate horizons
associated with buried soil layers are present in this unit (Olsen and cthers,
1962; Biggar and others, 1982; Wocdward-Clyde Consultants, 1982a). At the
site, soil encountered in the upper 8.6 feet of the test pit (attachment 2) is
a fine-grained loess deposit (Mcnticello loam) which has weathered in-situ to
a fine-grained silty clay with sand. Secondary calcium carbcnate in the form
of stringers and thin beds was enccuntered throughout most of the lower 4 feet
of the weathered loess unit expcsed in the test pit (attachment 2).

Underlying the surficial eolian deposits in the Mcnticello area are
Quaternary-age alluvial-fan and pediment gravels derived from the Abajo
Mountains. These materials vary in thickness but gererally do nct exceed 25
feet (Witkind, 1964). The gravels contain abundant sand, cobbles, and
boulders, with clasts primarily composed of quartz diorite porphyry.
Moderate- to highly-weathered alluvial-fan and pediment gravels were
encountered in the lower eleven inches of the test pit (attachment 2). Tnin
coatings of calcium carbonate are found on cobbles and gravel.




The gravels were deposited on an eroded bedrock surface of Cretaceous
Manccs Shale, Dakota Sandstone, and Burro Canyon Formation (Witkind, 1964;
Haynes and others, 1972; Christenscn, 1985). Mancos Shale is the uppermost
bedrock unit and crops cut to the west of Monticello. Although not
encountered in the test pit, the Mancos Shale probably underlies the pediment
gravels at the site. This is indicated in the log of a water well lccated
four blocks south of the site (attachment 1) in which blue clay bedrock
(Mancos Shale ?) was encountered beneath gravels at a depth of 25 feet.

Active faults are generally absent in southeastern Utanh. Tne nearest
potentially active fault to the site is a dip-slip fault trending N.700 W,
which crosses U.S. Route 160 twelve miles north of Monticellc. The fault is
believed asscciated with the Shay Graben system, and may have experienced
rejuvenated movement during Quaternary time (O to approximately 2 tc 3 millicn
years before present)(Anderscn and Miller, 1979; Wocdward-Clyde Ccnsultants,
1982b). The largest earthguake within a 50-mile radius of Monticello since
1850 was a magnitude 2.3 event which occurred in October, 1971, 12.5 miles
east of the city (Arabasz and others, 1978).

HYDROLOGY

Monticello is on a broad, gentle interfluve between Montezuma Creek and
one of its tributaries draining eastward from the Abajc Mountains (attachment
1). Within Monticello, a number of special flcod hazard areas were delineated
in 1976 on maps prepared by the U.S. Department cf Housing and Urban
Development Federal Insurance Administration. According to the maps, the
western edge of the new fire staticn property lies in cne of these zones.
Based on this field reccnnaissance, however, the site was not found tc be con
the flocd plain of any significant drainage and it is unlikely that flccding
cn or near the proposed building site will cccur.

Although all soils were moist, no ground water was enccuntered in the test
pit. Ground water is generally absent in lcess throughout Mcnticellc, out is
locally present in the underlying gravels where it is perched on tcp of the
Mancos Shale (Clyde Christensen, oral commun., March 21, 1985). Tne lcg of
the well drilled south of the site indicates grocund water at a static level cof
235 feet below the surface. This depth corresponds to the contact otetween
Mancos Shale (?) and an underlying light-cclored sandstone bedrock (prcbably
Dakota Sandstcne). Nine wells drilled in the past along the western margin of
Mcnticello encountered aquifers at the Dakota and Burrc Canycn Formations, at
depths of around 540 feet below ground level (Witkind, 1964).

CONCLUSIONS AND RECOMMENDATIONS

The proposed fire station site is free from most geologic hazards.
Topographic relief is minimal, thereby eliminating danger cf slope
instability. Ground water is below foundaticn depths. Flood hazard is low.
The Monticellc area is in both Uniform Building Code and Utah Seismic Safety
Adviscry Council seismic zcne 1, which has the lowest seismic risk in the
state. This low-risk zone correspcnds to earthquakes with a maximum mcdified
Mercalli intensity of V tc VI, which generally results in only slight damage
to building structures. 1t is recommended that the fire station conform to
building specifications cutlined for this zcne.



Surficial materials present at the proposed site generally affcrd suitable
conditions for construction of the fire station. It is possible that the
silty clays encountered at the site may be expansive, i.e., subject tc a
volume increase with application of moisture. However, examination of the
existing fire station on the adjacent lot showed no evidence cof foundaticn cr
wall cracking indicative of expansive clays, and no foundaticn problems ars
reported in this part of the city (Clyde Christensen, oral commun., March 21,
1985). Nevertheless, it is recommended that a detailed scils/foundaticn
investigaticn be performed by a qualified soil engineer pricr tc constructicn.
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Attachment 2, Job No. PF-1

TEST PIT SOIL DESCRIPTION*

Subsurface depth

0.0' - 4.6! L.ean clay with sand (CL); reddish-prown, firm to stiff,
medium plasticity, necnindurated, moist; eolian, upper 6
inches fill material.

4,6' - 8.6 Lean clay with sand (CL); reddish-brown to white, firm
stiff, medium plasticity, weakly indurated, mcist; eoclian,
secondary calcium carbonate stringers and thin oeds.

8.6' - 9,5 Clayey gravel with sand (GC); yellcw, medium dense, medium
plasticity; non- to weakly indurated, mcist; 1C percent
cobbles, maximum particle size 8 inches, calcium carbonate
pebble cocatings, limonite staining in matrix, weatherad
Abajo pediment and alluvial-fan gravels.

*Spils classified according to procedures in ASTM Standard D2488-65 (Revised
1975), Description of Soils (Visual Manual Prccedure) and 02487-83,
Classification of Soils for Engineering Purpcses. Percentages reccrded for
various size fractions are field estimates.



Project: Requesting Agency:

Geologic hazards investigation, Physical Division of Facilities,
Education Building, Weber State College Construction and
l Management
By: W.R. Lund Date: County: Job No.:
G.E. Christenson 10/1/85 Weber PF-2

USGS Quadrangle:

Ogden (1345)

#85-033
PURPOSE AND SCOPE

The purpose of this report is to provide supplemental information on
geslogic hazards at the proposed site of the new physical sducation ouilding
(fieldhouse) on the Weber State College campus (attachment 1). Certain
geologic hazards at the site are addressed in a soil and foundation report by
Dames and Moore (1984). That report discusses foundation conditions (soil and
ground water), slope stability, liquefaction potential, and ground-shaking
hazards, but does not address surface fault-rupture or flooding/debris-
flow hazard. A detailed study of the surface fault-rupture hazard in the arsa
has been recently completed by Woodward-Clyde Consultants (1985) far the
nearby Allied Health Sciences Building. This work, which was done subsequent
to completion of the Dames and Moore report for the physical education
ouilding, has direct application to the physical education building site.
Based on a review of these reports, the Utah Geological and Minsral Survey
recommended additional investigations at the physical education tuilding site,
including excavation of an exploratory trench to evaluate surface fault-
rupture hazard (letter from Genmevieve Atwood to Chris Nelson dated May 28,
1985), It was recommended that, prior to excavating a long exploratory
trench, the feasibility of trenching be evaluated by excavating exploratory
test pits at the site to determine ground-water conditions, cut-slooe
stability, stratigraphic relationships, and the extent of site disturbance by
man. In addition to subsurface investigations, which were performed on August
8, 1985, the scope of work for the supplemental UGMS study included a review
of pertinent literature and geotechnical reports, air photo analysis, and
geologic field reconnaissance.

GEOLOGY

Much of the Weber State College campus is underlain by deposits of
Pleistocene Lake Bonneville. These include a variety of materials ranging
from poorly vedded beach sand and fine gravel to well-oedded, deep-water sand,
silt, and clay. Locally, alluvial channel fills, alluvial-fan depasits,
colluvial/slope-wash material, and man-placed fill buries the lake deposits.
The well-bedded, deep-lake deposits on campus are cut in many areas by
high-angle shears and locally are folded and contorted (Dr. F. Pashley, oral
commun., November, 1984; Woodward-Clyde Consultants, 1985).

Conditions at the physical education building site are similar to those
elsewhere on campus. A playing field presently exists at the site, and
considerable site grading has taken place to level the fizld. Dames and Mcorse
borings indicate thick man-placed fill along the west edge, with variable
thicknesses of fill and sand overlying well-oedded deep-lake deposits
elsewhere. Deformation similar to that reported at the Allied Health Building
is reported in lake beds at the physical education puilding site by Dames and
Moore (1984) from borenhole data. The deformation, in conjunction with the
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subdued hummocky topography present in this part of the campus, indicate that
the site may have been involved in landsliding. The nature and age of the
landsliding is not known except that it occurred following deposition of the
bedded materials during and/or after Lake Bonneville was at its nighest level
14,000 - 15,000 years ago. If the deformation reported by Dames and Moore at
the physical education building site formed at the same time as the shears
exposed in the Allied Health Building excavation, then it would be between
16,000 and about 13,000 years old.

The physical education building site is 600-700 feet west of the main
trace of the Wasatch fault as mapped by Woodward-Lundgren and Assoclates
(1970). A possible (class III) fault is shown traversing the site (attachment
1). However, experience has shown that many class III "faults," whicnh were
delineated on the basis of photo-lineaments and not field checked, do not
represent faults.

SUPPLEMENTAL GECLOGIC HAZARD INVESTIGATIONS

Surface fault rupture

Because of the proximity of the site to the most recently active trace of
the Wasatch fault, it was recommended that a trench be excavated across the
site to determine whether or not fault traces are oresent which may have been
active during recent prehistoric eartnguakes in the area. The trench would
serve the same purpose as the excavation for the Allied Health Building in
terms of exposing subsurface relationships. However, excavation of two
exploratory test pits along the preferred trench aligmnment (attachment 2)
indicated that trenching was not feasible. Unstable walls and shallow ground
water caused extensive caving in test pit 1, making it and other excavations
in the area of the playing field unsafe. A trench across the field to lay a
drainage pipe excavated a week prior to the test pits was reportedly staole,
at least for the time necessary to lay the pipe. However, detailed
geotechnical investigation of a trench normally takes at least a week, and
conditions at test pit 1 were too unstable even for placing shoring to brace
trench walls.

The principal purpose of the test pits was to evaluate stratigraphic
relationships at the site to determine if dating of past fault events would pe
possible. The stratigraphy has peen modified by grading to construct the
playing field, and this disturbance and removal of the younger materials makes
it impossible to accurately date fault traces exposed in a trench at that
location. Therefore, the decision was made not to tremch.

Based on existing information, including interpretatiocn of azerial
photographs taken prior to construction of the playing field, it is pelieved
unlikely that a recently active trace of the Wasatch fault traverses the
site. Because a trench could not be excavated, however, it is not aosolutsly
certain that a fault does not exist. Due to the proximity of tne Allied
Health Building and its similar position relative to the main trace of tne
Wasatch fault, it is recommended that the results of the Woodward-Clyde
Consultants (1985) investigation for that building be used in assessing the
surface fault-rupture hazard at the physical education obuilding site.
Zarthquake probabilities given in table 1 of the Woodward-Clyde Consultants
report also apply to the physical education building site.
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Slope stability

Because a trench could not be excavated, no additional information on age
and type of deformation recorded in borings by Oames and Moore (1984) was
obtained. It is not known whether the deformation was caused by tectonic
faulting or landsliding, perhaps accompanying earthquakes. However, this same
distinction could not be made at the Allied Health Building even with
extensive exposures in the foundation excavation.

At the Allied Health Building, it was determined that shearing and tilting
of beds, whatever the origin, occurred when Lake Bonneville was at its highest
level and site soils were saturated. However, failure of the cut slope at the
Allied Health Building both at slopes of 1:1 and 1l.5:1 indicate that trese
materials are also unstable under present conditions when axcavations are made
below the water taple. Excavations below the water table are planned for the
racquetball courts adjacent to the gymnasium, and care must be taken as
outlinmed by Dames and Moore (1984, p. 17) to insure stability when excavating
below the water table.

Flooding/debris-flow hazard

Tne hazard of clear-water flooding at the site is low. Flood nazard
boundary maps prepared for the Federal Insurance Administration (U.S. Dept. of
Housing and Urban Development, 1977) do not place the site im any known flcod
hazard area. Debris-flow and depris-flood hazards were determined for most
major Wasatch Front drainages in Davis and Weper Counties in a study oy
Welczorek and others (1984). No major drainages occur directly upstream from
the site, although drainages both north (Strongs Canyon) and south (first
unnamed drainage north of Beus Canyon) were rated as having high debris~flood
hazard. rowever, this rating i1s assigred at the mouth of the canyon where the
dJebris load and discharge are greatest and wnere most deposition of material
would occur. A wide zone (3200 feet) of gently sloping terrain separates tne
physical education building site from the mountain fronmt, with no througn-
going channels in the area. Because of this, the debris-flow/Jdeoris~flood
hazard at the site 1s considered low.

CONCLUSIONS

The UGMS concurs with the conclusions and recommendations made in the
Dames and Moore (1984) report and recommends they be followed closely. In
summary, their conclusions regarding geologic hazards are: 1) seismic design
should conform to standards for Uniform Buliding Code seismic zone 3, 2) cut
slopes below the water table are potentially unstable and must be dewatered,
flattened, and/or supported to insure stability, 3) liguefaction potential is
low, and 4) ground water 1s shallow. In the apsence of site-specific
investigations regarding surface fault rupture at the site, the conclusions
regarding the surface fault-rupture hazard presented in the Woodward-Clyde
Consultants report for the Allied Health Builaing represent the ogest avallapis
information. The hazard at that site was considered low, and this is provably
also true at the physical education building site. Flecoding and debris-flow
hazard at the site is low.
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Project: Requesting Agency:
Engineering geologic investigatipn for a Springville City
100,000 gallon water tank, Springville City,
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By: Date: County: Job No.:
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USGS Quadrangle:

Granger Mountain (1045)

#85-025
PURPOSE AND SCOPE

In reponse to a request from Randy Drummond, Capital Projects Director for
Springville City, a geologic investigation of a proposed site for a 100,000
gallon water tank was performed. The tank i1s to be in the bottom of an
unnamed canyon near the confluence of the Right and Left Forks of Hobble Creek
in the Wasatch Range about 6 miles east of Springville (attachment 1). The
tank will be a buried, reinforced concrete structure placed with its base at
stream level in the bottom of the canyon. It will be recessed into the
hillside west of the stream, with the stream and road being diverted to the
east around the tank. The stream will be placed in a culvert so that the road
can be constructed on fill over the culvert., The canyon is narrow and
steep-sided and will be filled to a depth of 10-15 feet above its present
level py the tamk and road.

The scope of work for this investigation included a literature review,
analysis of 1:62,500 scale air photos, and brief field reconnaissance on July
2, 1985. Existing road cuts were ogbserved during the field reconnaissance,
but no test pits were excavated. Robert Robison, Utah County Geologist, and
Robert Gunnell, project engineer, were present during the field investigation.

GEOLOGY

Bedrock at the site consists of sandstone, limestore, and quartzite of the
Upper Pennsylvanian-age Wallsburg Ridge Memper of the Qquirrh Formation. No
outcrops were observed near the site during the field investigation, but the
rocks reportedly strike roughly north-socuth and dip 30 degrees to the east
(Baker, 1976). Hillsides and the valley bottom are buried beneath variabls
thicknesses of residual soil, slope wash, colluvium, and alluvium. The depth
to tedrock at the site is not known, but rcad cuts along the valley bottom
expose 15-20 feet of unconsolidated material, consisting chiefly of
non-indurated silty and clayey gravel with sand, cobbles, and boulders. Clay
beds several inches thick occur locally and beds representing probable
debris-flow, stream-flow, and colluvial deposits are present. Slumping and
erosion is occurring in road cuts at various places in the canyon.

© The site is about 3000 feet east of the Hobble Creek fault, but no
Quaternary activity has been documented on this fault (Baker, 1978). The
nearest known Quaternary fault is the Wasatch fault about 3 miles west of the
site (Anderson and Miller, 1579). Investigation along this segment of the
Wasatch fault at the mouth of Hobble Creek Canyon have determined it to oe
capable of producing 7.0-7.5 magnitude earthguakes every 1700-2600 years
(Schwartz and Coppersmith, 1984).

Other than slumping in man-made cuts, no active landslides were observed
during the field investigaion. However, several probable debris-slide or
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avalanche scars were visible on hillsides in this and adjacent canyons on air
ahotos taken in 1953. Steep hillsides, debris-flow deposits in the canyon
bottom, and the overall thickness of unconsolidated deposits on lower slopes
indicate that mass wasting processes are active in the area, altnough no
recent events were evident.

No ground-water seepage was visible in road cuts. However, evidence for
flow of water along permeanle zones in unconsclidated deposits was present in
the form of iron and manganese oxide staining and removal of fine-grained
material through subsurface erosion (piping). In springtime, some flow of
water through unconsolidated material probably occurs. During the rest of the
year, the water table is determined by the level of flow in the stream.

CONCLUSIONS AND RECOMMENDATIONS

Foundation and ground-water conditions at the depth of the fimal grade for
the water tanmk are unknown. Bedrock may be encountered in the excavation, but
soils are generally coarse-grained and no adverse soil foundation conditions
are anticipated based on the present investigation. Placing the water tank in
the canyon bottom will expose it to flood and debris-flow hazards during
spring runoff and/or summer thunderstorms. 1t is important to provide
adequate drainage arpund the tank for stream flow and to prevent plugging of
the culvert. Little can be done to mitigate debris-flow hazards sxcept
relocation or excavation of a debris basin upstream. No deep-seated slumping
was evident that would undermine the tank, but slumping in road cuts and in
cuts made for the tank may occur during and after construction, prasenting
construction and maintenance hazards. No evidence for recent avalanches at
the site was present, but due to the stespness of slopes and lack of
vegetation to anchor snow on upper slopes, the possibility of an avanlacne
cannot be discounted.

The hazard due to surface fault rupture is low, but the area is in Uniform
Building Code (UBC) seismic zaone 3 and Utah Seismic Safety Advisory Council
(USSAC) seismic zone 4, the zones of nighest risk in the respective zonation
schemes in Utah. Because of this, earthgquake-resistant design and
construction as recommended for seismic zone 3 in the UBC should ote followed,
with inspection and monitoring as reccmmended for USSAC zone 4 (Utah Seismic
Safety Advisory Council, 1979).
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Project: Requesting Agency:

Geologic hazards investigation for a oroposed Layton City
watertank site, Layton City

By: Date: County: Job No.:
G.E. Christenson 8/1G6/85 Davis FF-4

USGS Quadrangle:
Kaysville (1320)

#85-028
PURPOSE AND SCOPE

At the request of Bill Flanders, Layton City Engineer, an investigation of
a proposed site for a 2-million gallon concrete water tank was performed. The
tank will be about 130 feet in diameter and, if conditions allow, will De
completely buried. The site is north of Layton just east of State Route 89 at
Hill Field Road in section 1, T. 4 N., R. 1 W. (attachment 1). The scope of
work for this investigation included a literature search, air photo analysis,
and field visits on July 19 and July 31, 1985. No subsurface investigation
was performed. Present during the field visit on July 19 were Mr. Flanders,
Michael Lowe (Davis County Geologist), Steve Personius (U.S. Geological
Survey), and Alan Nelson (U.S. Geological Survey). Messrs. Personius and
Nelson are presently involved in detailed mapping of the Wasatch fault zone in
Davis and Weber Counties.

GEOLOGY AND HYDROLOGY

The site is in a small qully at the front (west) of the shoreline bench
formed by Pleistocene lLake Bonneville when the lake was at its maximum between
about 14,000 - 16,000 years ago (Currey and others, 1984). The bench is
underlain by a variety of materials, including bedrock, shorelime sands and
gravels, alluvium, debris-flow deposits, and colluvium. Bedrock of the
Precambrian Farmington Canyon complex, chiefly schist and gneiss (Bryant,
1984), and shoreline sand and gravel are exposed in an abandoned gravel pit
north of the site. In the site vicinity, the top of the bench is coverad with
boulders and cobbles and is probably underlain by alluvium and debris-flow
deposits from Hobbs Creek (attachment 1). These deposits are younger than the
Lake Bonneville beach gravel and were deposited between the time the lake
receded from this level (about 14,000 years ago) and the time the stream cut
down and became entrenched too deeply to flood the benchtop. The thickness of
the alluvium and debris-flow deposits is unknown, but the water tanmk site may
be stratigraphically below these deposits. Shoreline and near-shore deposits
of Lake Bonneville and possibly bedrock are likely to be encountered in the
excavation with perhaps a thin covering of colluvium derived from the
overlying alluvium and debris-flow deposits.

The site 1s along the Ogden segment of the Wasatch fault zone. This fault
zone 1s considered capable of generating earthquakes up to magnitude 7.0 -
7.5, with surface fault rupture and severe ground shaking (Schwartz and
Coppersmith, 1984). Zones cf greatest deformation along normal faults such as
the Wasatch fault are found on the downthrown (west) side wnere ground
cracking may occur in a zone several hundrad feet wide. The site is about 630
feet east of the major, most recently active trace of the fault as mapped oy
Cluff and others (1970) (attachment 2). It is on the upthrown (east) side of
the fault, and thus is not within the zone of expected surface fault rupture.
The most recent earthguake causing surface faulting along this trace is
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thought to have occurred within the last 50C years (Schwartz and Coppersmitn,
1984), A scarp representing a possinle parallel fault of unknown age is found
350 feet east of the site (attachment 2). Other smaller possibls faults are
mapped from air photos adjacent to the site (Cluff and others, 1970) but are
not identifiable on the ground, either because they are not present or are
obscured by the oak brush cover and location of the site in a gully probably
formed subsequent to faulting. Because of the lack of surficial evidence for
faulting at the site, no trenching was attempted.

The gully in which the site is located lacks a significant drainage area
and does not present a flood nazard. Hobbs Creek is 350 feet to the south and
is incised 30-40 feet below the top of the bench. As a result, flood hazard
from this creek is low, as is the hazard from debris flows and debris-laden
floods. Studies by Wieczorek and others (1983) following the debris flows of
1983 in Davis County determined the debris-flow and debris-flood hazard, even
at the mouth of Hobbs Canyon below the site, to te low.

The site is bounded by gentle slopes which show no evidence of
instability. Materials anticipated to occur in the slope (oedrock, coarse
granular soils) are generally stable, although cut slopes in the granular
soils may be subject to caving and ravelling.

CONCLUSIONS AND RECOMMENDATIONS

Because the site is along the Wasatch fault, the potential for severe
ground shaking accompanying earthquakes 1s high. The site is in Uniform
Building Cade (UBC) seismic zone 3 and Utah Seismic Safety Advisory Council
(USSAC) seismic zone U-4, the zones of highest seismic risk in Utah in the
respective zonations. Construction should incorporate earthquake-resistant
design required for UBC seismic zone 3, with inspection and monitoring as
outlined for USSAC seismic zone U-4. With regard to fault rupture nazard, tne
site is 650 feet from the major trace of the Wasatch fault. It is on the
upthrown side, and the potential for surface rupture is relatively lower here
than elsewhere in the fault zone. To further evaluate the fault rupture
hazard, it is recommended that the walls of the open excavation for the tank
be inspected by a UGMS geologist or other qualified engineering geologist for
evidence of fault offsets. If none are found or if those found predate the
most recent prehistoric earthquakes along the major fault trace as surficial
evidence suggests, the hazard is reduced and the site can be consideresd
suitable. If major, recently active faults are found, alternate sites should
be considered. However, whether or not evidence for faulting is found, the
site is still within the Wasatch fault zone and, in the event of a large
earthquake, tank failure due to offset in the foundation is possible.

The site is relatively free of hazards not related to seismic activity.
Flood and debris~flow nazards are low, and slopes are presently staple. Soil
types at the foundation level are not known and may include bedrock, sand and
gravel, and/or very coarse-grained bouldery deposits. Although expensive to
excavate, bedrock generally provides a more stable foundation, particularly
with respect to ground response during earthguake shaxking. Ground water is
not anticipated. A thorough soil foundation investigation stould be performed
osrior to construction to evaluate bedrock, excavation, and ground-water
conditions; engineering properties aof soils at tne foundation level; and
response of site materials to seismic ground shaking. This report should also
include recommendations for maximum cut slopes during excavation and

construction. :
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Project: Requesting Agency:
Granite School District Site Investigation Granite School District
. Date: County: Job No.:
H. Gill 1/29/85 Salt Lake 51
USGS Quadrangle:

Magna (1214)

85-001

In response to a request from Mr. Henry J. Middleton, Staff Assistant for
Administrative Services, Granite School District, an engineering geclogic
investigation was conducted on January 16, 1985, of the propcsed site for a
new elementary schcol. The site investigation consisted of a reviesw of maps,
memos, and reports available for the area; a field reconnaissance; and
excavation of three test pits. A tire-mounted backhoe was provided by Granite
School District.

SITE LOCATION AND DESCRIPTION

The site is in Salt Lake Valley at 5600 South and 5200 West (attachment
1). The 13-acre property is bounded on the north and south by houses, con the
west by 5200 West Street, and on the east by undeveloped ground. The overall
topography is flat (approximate 1.5 degree slope to the scuthwest), however,
details of the microtopography across the site were opbscured by heavy snow
cover (approximately 1 to 1.5 feet deep). The exact position of the schcol on
the site was not known at the time of the investigation (H. Middleton, oral
commun., 1985), however, an attempt was made to locate the test pits in the
general area of the structure (attachment 2). The three test pits were
excavated on the western end of the property, adjacent to but not on the
suspected building site, tc avoid disturbing the soils beneath the foundaticn.

SOILS AND HYDROLOGY

The site is underlain by Lake Bonneville nearshore deposits cn which a
thin layer of topscil has formed (attachment 3). The lake sediments in the
test pits were almost entirely silty sand, and exhibited low to medium
density, no plasticity, and were nonindurated. The distribution of
fine-grained material ranged frcm 5 to 50 percent (attachment 3). Ground
water was not encountered in any of the test pits and it is estimated that the
depth to the unconfined water table is greater than 40 feet (Seiler and
Waddell, 1984). The absence of irrigation canals and ditches in the site
vicinity indicates that a shallow perched water table is not present. The
area is in a very low liguefaction potential zone (J. Keaton, oral commun.,
1985).

SEISMICITY

The site lies within Uniform Building Code (UBC) seismic zone 3, and Utan
Seismic Safety Advisary Council (USSAC) seismic zone U-4., These zones are
similar, and represent areas where ground shaking ccrrespcnding tc intensity
VIII and higher of the mcdified Mercalli intensity scale may be expected
(attachment 4). Fault scarps at the base of the Wasatch Range attest to the
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occurrance of large prehistoric earthquakes in the Salt Lake Valley. Several
Quaternary faults are mapped near the site. The two closest faults are
approximately 2 1/3 miles east (Van Horn, 1979), and 2 1/2 miles scuthwest
(Tcoker and Raoberts, 1971) of the prcperty. Renewed movement along these
faults, or others in Salt Lake Valley would produce strong ground shaking at
the site, the intensity of which would depend on the magnitude and duration of
the earthquake, the location of the epicenter, and local geclcgic conditions.

p—

Conclusicns and recommendatiocns

Based on geclogic conditions at the site the property i1s considered
suitable for construction of the proposed schocl.

The site is in UBC seismic zone 3 and USSAC seismic zcne U-4 and in
the event of a moderate to severe earthquake in the Salt Lake Valley
the school would experience strong ground shaking. It is unlikely
that fault rupture would occur at the property. It is recommended
that the school be designed at a minimum tc meet UBC requirements for
zone 3 construction.

Geologic hazards asscciated with slope stability, shallow ground
water, or liquifaction are not present at the site.

The UGMS site investigation addressed the geologic hazards tnat may
affect a facility built at tnhis site. Examinaticn of scils in test
pits in the general vicinity of the propcsed schocl did nct reveal
any identifiable problem soils. However, prior to the start of
construction, it is recommended tnat a complete soils investigaticn
be performed for foundaticn design purpcses.
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Attachment 3, Job No. S-1

Test

Pit 1

0.0

1.0

2.8!

3.97

6.3"

- 1.0'

- 2.8

- 3.9!

- 6.3

- 9.8'

Hole 2

Test

0.0'

1.0

4.4

8.4

9.8

- 1.0

- 4.4

- 8.4

- 9.8

10.4¢

Logs of Test Pits*

Silty sand (SM); topsoil, dark brown, medium dense,
very low plasticity, weakly indurated, moist; 35
percent fines, upper 1.0 feet frozen.

Silty sand (SM); brown, medium dense, nonplastic,
nonindurated, dry,; 25 percent fines.

Sandy silt/silty sand (ML/SM); tan, firm, normplastic,
nonindurated, dry; 50 percent fines.

Sand (SP); light brown, low density, nonplastic,
nonindurated, dry; 5 percent fines.

Sandy silt/silty sand (ML/SM) and sand (SP); alternating
lenses of sand and sand/silt tc the total depth of the
test pit. Sandy silt/silty sand (ML/SM); tan, firm,
nonplastic, nonindurated, dry; 50 percent fimes. Sand
(SP); lignt brown, low density, nonplastic,
nonindurated, dry; 5 percent fines,

Silty sand (SM); topsoil, dark brown, medium dense,
very low plasticity, weakly indurated, moist; 35
percent fines, upper 1.0 feet frczen.

Silty sand (SM); brown, low density, ncnplastic,
nonindurated, dry; 15 percent fines.

Silty sand (SM); tan, medium dense, norplastic,
nonindurated, dry; 40 percent fines.

Silty sand (SM); yellow brown, medium to low density,
nonplastic, nonindurated, dry; thin lenses cof silty
clay (CL) interbedded with sand, firm, medium tc lcw
plasticity, weakly indurated, dry; 5 percent fines.

Sandy silt/silty sand (ML/SM); tan, firm, nonplastic,
nonindurated, dry; 50 percent fines.

-28-



Test pit 3

0.0

0.9!

2.8!

- 0.9

- 2.8

- 9.6'

Silty sand (SM); topsoil, dark brown, medium dense,
very low plasticity, weakly indurated, moist; 35
percent fines, upper 1.0 feet frozen,

Silty sand (SM); brown, medium dense, very low plasticity,
nonindurated, dry; 30 percent fines.

Silty sand (SM); light tan, medium dense,
nonplastic, nonindurated to weakly indurated, dry; 40
percent -fines.

*Soil descriptions conform to ASTM Standard D 2488-69 (Revised 1975),
Description of Soils (Visual Manual Procedure). Percentages reccrded for
various size fractions are field estimates.
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MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridged)

1. Not felt except by a very few under especially favorable circumstances.

I. Feit only by a few persons at rest, especially on upper floors of buildings. Delicately sus-
pended objects may swing.

I1I. Felt quite noticeably indoors, especially on upper floors of buildings, but many people do
not recognize it as an earthquake. Standing motor cars may rock slightly. Vibration like
passing of truck. Duration estimated. :

I¥. During the day felt indoors by many, outdoors by few. At night some awakened. Dishes, win-
dows, doors disturbed; walls made cracking sound. Sensation like heavy truck striking build-
ing; standing motor cars rocked noticeably.

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., broken; a few instan-
ces of cracked plaster; unstable objects overturned. Disturbance of trees, poles and other
tall objects sometimes noticed. Pendulum clocks may stop.

VI. Felt by all; many frightened and run outdoors. Some heavy furniture moved; a few instances
of failen plaster or damaged chimneys. Damage slight.

Vil. Everybody runs outdoors. Damage negligible in buildings of good design and construc-
tion slight to moderate in well-built ordinary structures; considerable in poorly
built or badly designed structures; some chimneys broken. Noticed by persons driving motor
cars. '

Vill. Damage slight in specially designed structures; considerable in ordinary substantial
buildings with partial coilapse; great in poorly built structures. Pane! walls thrown out of
frame structures. Fait of chimneys, factory stacks, columns, monuments, walls. Heavy furni-
ture overturned. Sand and mud ejected in small amounts. Changes in well water. Disturbed
persons driving motor cars.

IX. Damage considerable in specially designed structures; well designed frame structures thrown
out of plumb; great in substantial buildings, with partial collapse. Buildings shifted off
foundations. Ground cracked conspicuously. Underground pipes broken.

X. Some well-built wooden structures destroyed; most masonry and frame structures destroyed
with foundations; ground badly cracked.” Rails bent. Landslides considerable from river
banks and steep siopes. Shifted sand and mud. Water splashed (slopped) over banks.

X1, Few, if any (masonry), structures remain standing. Bridges destroyed. Broad fissures in
ground. Underground pipe lines completely out of service. Earth slumps and land slips in
soft ground. Rails bent greatly.

XIi. Damage total. Waves seen con ground surfaces. Lines of sight and level distorted. Objects
thrown upward into the air.

Source: Zarthquaie Information Eulletin € (5), r. 28, 1974.
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Project: Requesting Agency:

Geologic investigation of two proposed high Iron County School District

school sites, Cedar City

Date: County: Job No.:
G.E. Christenson Tron S=-2
USGS Quadrangle:
Cedar City (1238)
85-010

PURPOSE AND SCOPE

The purpcse of this investigaticon by the Utah Geclogical and Mimeral
Survey (UGMS) was to evaluate geolcgic conditions at two alternate sites ceing
considered for construction of a new high school by the Ircn County Schcol
District. The sites are adjacent to one ancother in northern Cedar City west
of Highway 130 (attachment 1). The Iron County School District is interested
in identifying geologic hazards at the sites to help select the most suitable
location for purchase and constructicn. The scope of work included a
literature review, air photo analysis, excavation of three test pits, and a
field reconnaissance. The field work was performed on March 19, 1985, with
assistance from Kimm Harty (UGMS).

GEOLOGY AND SOILS

Both sites are located on alluvial-fan depcsits at the base of the
Hurricane Cliffs. The principal alluvial fan in the area was deposited by
Fiddlers Creek, but smaller drainmages to the scuth alsc contributed sediment
to this fan. Soils consist of silty sand with thin beds of fine gravel
containing silt and sand (attachment 2). Bedrock in the source area cf the
alluvial-fan deposits consists chiefly of Cretacscus-age sandstcne, siltstone,
and shale (Averitt and Threet, 1973).

Ground subsidence in alluvial soils has been documented in the Cedar City
area and elsewhere along the base of the Hurricane Cliffs in scuthwestern
Utah. Detailed studies by the Utah Geological and Mineral Survey found that
subsidence was the rasult of hydrocompacticn or soil collapse upcn wetting
(Kaliser, 1978, 1982). Hydrocompactible scils occur in sediments depcsited
without sufficient water to permit normal consolidation, such as in mudflow
and debris-flow deposits in arid and semi-arid arsas. No diagncstic field
characteristics for the recognition of hydrccompactible scils have been
identified, although silty soils containing low to high amcunts of scluble
solids seem particularly susceptible. Kaliser (1978) produced a map of the
Cedar City area showing relative susceptibility of soils to hydrcccmpaction.
Both sites are in an area of susceptible soils. The hazard has been reduced
scmewhat at the sites by deep wetting accompanying flcod irrigaticn over the
past forty years. Also, materials exposed in test pits appear to oe
relatively well sorted, finer-grained, stream-deposited alluvium typical of
the distal portions of alluvial fans and not mudflow or debris-flcw deposits
which are common near the mountain front. In additiocn, the rocks in the
drainage basin cf Fiddlers Creek contain fewer soluble materials than dc the
rocks to the scuth, so alluvial-fan deposits derived from them contaln fewer
soluble solids and may be less susceptible to hydrocompacticn than those to
the south where gypsum is common and subsidence has been most proncunced.
Unpublished data from the U.S. Soil Conservation Service indicates a rangs in
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soluble sclid content (chiefly gypsum) in the predomirant scil type (Braffits
Series) of 0.1 to 1.5 percent (Gordon Crandell, oral commun., March 19,

1985). Soils in areas where hydrccompacticn has occurred range in soluble
solid (chiefly gypsum) content from less than one tc over 30 percent (Kaliser,
1978, 1982).

FAULTING AND SEISMICITY

The Hurricane fault generally follows the base cof the Hurricanme Cliffs
south of Cedar City, but the locatiocn of the fault is uncertain from Cedar
City northward. No evidence for Quaternary displacement along the fault in
this area has Deen documented (Averitt and Threet, 1973; Anderscn and Miller,
1979 Earth Science Associates, 1982). Tc the scuth, Quaternary displacement
on the fault is well documented. Recent movement during the last 10,000 years
nas not been demonstrated at any locality along the fault. A trench excavated
about one mile east of the sites during the investigation for the Fiddlers
Canyon Zlementary Scheol did not encounter evidence of faulting in surficial
deposits to a depth of 12-13 feet (Lund, 198l). The Fiddlers Canycn
Elementary Schocl site was along the projected trend of a bedrock fault in the
area. fField reconnaissance and study of aerial phctography at the nhigh schoocl
sites did not yield any evidence for faulting in near-surface materials,
although leveling and terracing for irrigation and cultivation at the sites
may have obscured any subtle evidence of faulting.

Although evidence for Hclocene movement on the Hurricanme fault is absent,
particularly in the Cedar City area, the zome is seismically active. Twc
historic earthguakes with maximum modified Mercalli inmtensities (MMI,
attachment 3) of VII and estimated Richter magnitudes of 5 have occurred in
Cedar City (Arabasz and others, 1979; Earth Science Asscciates, 198l). They
were part of an earthquake swarm in 1942, and a similar magnitude earthauake
cccurred in Parcwan 18 miles to the northeast in 1933, In 1981, 3 magnitude
4.5 event cccurred 15 miles southwest of Cedar City (University of Utah
Seismograph stations, unpub. data). The largest earthquake near the site
occurred in 1902 in Pine Valley 32 miles to the southeast (MMI - VIII,
estimated magnitude 6.3). Earth Sciences Asscciates (1982) nmas calculatsd an
average recurrence interval of 200-300 years for earthquakes of magnitude 5
(MMI- VII to VIII) in the Cedar City area.

HYDROLOGY

Alluvial-fan surfaces such as those at the base of the Hurricane Cliffs
are commonly subject to flash floods, mudflows, and debris flcws. However,
because the sites are on the distal porticns of the Fiddlers Creek alluvial
fan and are nearly cne mile scuth of the principal drairageway, the hazard
from flash flocding is low. Also, the construction of catchment basins alcng
Fiddlers Creek and others drainages to the south combined witn diversion and
channelization of these streams has reduced flooding potential. The nature cf
sediments at the site indicates that mudflows and debris flows have nct been
common in the recent geclogic past, and engineered structures upstream,
including the highway and major canal east of the highway, have reduced tne
potential for such flows reaching the area.

The U.S. Department of Housing and Urban Development Federal Insurance
Administration (1974) dces not include the sites in any flood hazard zones.
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However, floocding from overflow and cbstruction of irrigation canmals
traversing the sites was cccurring at the time of the field inspection.
Proper diversion, containmment, and control of flow in these canals will be
required if a school is to built at either site.

The depth to ground water at the site is greater than 10 feet (attachment
2), and was measured at around 100 feet in March, 1974 (Bjorklund and cthers,
1978). Soils are coarse grained and well drained. N¢ shallcw impermeable
layers capable of forming a perched water table were encountered in test
pits. Narrow saturated zones may exist beneath unlinmed irrigation canals due
to leakage, but shallow ground water is not anticipated at the sites.

CONCLUSIONS AND RECOMMENDATIONS

Both sites are potentially suitable for construction of the propcsed high
school. Soil conditions and geologic hazards at the sites are essentially

identical, and from the geolcgic standpoint (based on current knowledge) bcth
are equally suited. The fcllowing conclusions and reccmmendaticns apply to

either site:

1. Soils shculd be tested for gypsum content and susceptibility to
hydroccmpaction during soil/foundation investigaticns prior to
construction. Testing should extend to a minimum depth cf 70 feet
(Kaliser, 1978) in at least two ooreholes completed in scils whicn will
underlie the school building. More extensive testing of shallow scils is
also recommended.

2. The sites are in Uniform Building Code (UBC) seismic zcre 2, and
construction should, at a minimum, conform to specifications for that
zone. -The proximity of the site to the potentially active Hurricane fault
and occurrance of magnitude 6 earthguakes with maximum modified Mercalli
intensities of VII-VIII indicate that construction specificaticns for UBC
zone 3 may be more appropriate. Compliance witn UBC seismic zcne 3
specifications was recommended by UGMS for the Fiddlers Canycn Elementary
School (Lund, 198l), and is also recommended for cocnstruction at this site.

3, Flood hazard is low provided canals and flood control structures ars
maintained. Shallow ground water is not anticipated.

4, Natural slopes at the sites are gentle (2.5 - 5 percent) and stable.

Vertical cut slopes in the loose materials, however, may be subject to
failure.
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Attachment

Pit 1
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0.0

2.4
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0.0
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5.1
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Pit 3
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Job No. S$-2

LLOGS OF TEST PITS
Iron County Schcool Site Investigation
Cedar City

Soil Description*

Poorly graded gravel with silt and sand (GP-GM); light orown,
loose to low density, ncnplastic, moist, nonindurated; upper
0.4 feet dark brown plowed horizon, gypsum clast found pelow
plowed zone.

Silty sand (SM); light prown, medium dense, ncnplastic, mcist,
nonindurated.

Pocrly graded gravel with silt and sand (GP-GM); light orown,
loose to low density, nomplastic, moist, nonindurated.

Silty sand (SM); light brown, medium dense, nonplastic, dry to
moist, nonindurated; thin beds and lenses of gravel, voids
visible in sand layers.

Poorly graded qravel with silt and sand (GP-GM); light orown,
low to medium density, nomplastic, moist, ncnindurated.

Poorly graded sand with silt (SP-SM); light prcwn, lcw to
medium density, nonplastic, mcist, nonindurated.

Well-graded gravel with silt and sand (GW-GM); light orcwn,
low tc medium density, nonplastic, mocist, ncnindurated.

Silty sand (SM); light brown, medium density, nonplastic,
moist, monindurated.

Silty sand (SM); lignt brown, medium density, ncnolastic, dry,
nonindurated.

Silty, clayey sand (SM-SC); lignt brown, medium dense, lcw
plasticity, dry, nonindurated; vesicular, upper 1 foot dark
prown plowed horizon with rocts and crganic mat.

Poorly graded sand with silt and gravel (SP-SM); light brown,
medium density, nonplastic, dry, nonindurated.

Silty sand (SM); light brcown, medium density, nonplastic, dry,
nonindurated.

Note: No ground watar encountered in any test pits.

*Soils classified according tc orocedures in ASTM standard 02489-69
(Revised 1975), Description of Soils (Visual Manual Prccedure) and
02487-83, Classification of Soils for £ngineering Purpcses.
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Attachment 23, Job No. S-

MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridged)

1. Not felt except by a very few under especially favorable circumstances.

I1. Felt only by a few persons at rest, especiaily on upper floors of buildings. Delicately sus-
pended objects may swing.

1. Felt quite noticeably indoors, especially on upper floors of buildings, but many pe?pla ‘do
not recognize it as an earthquake. Standing motor cars may rock slightly. Vibration like
passing of truck. Duration estimated,

IV. During the day feit indoors by many, outdoors by few. At night some awakened. Dishes, ufin-
dows, doors disturbed: walls made cracking sound. Sensation like heavy truck striking build-
ing: standing motor cars rocked noticeably.

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., broken; a few instan-
ces of cracked plaster; unstable objects overturned. Disturbance of trees, poles and other
tall objects sometimes noticed. Pendulum clocks may stop.

V1. Felt by all; many frightened and run outdoors. Some heavy furniture moved; a few instances
of fallen plaster or damaged chimneys. Damage slight.

VII. Everybody runs outdoors. Damage negligible in buildings of good design and construc-
tion slight to moderate in well-built ordinary structures; considerable in poorly
built or badly designed structures; some chimneys broken. Noticed by persons driving motor
cars.

YIll. Damage slight in specially designed structures: considerable in ordinary substantial
buildings with partial collapse; great in poorly built structures. Panel walls thrown out of
frame structures. Fall of chimneys, factory stacks, columns, monuments, walls. Heavy furni-
ture overturned. Sand and mud ejected in smail amounts. Changes in well water. Disturhed
persons driving motor cars.

IX. Damage considerable in specially designed structures; we!l designed frame structures thrown
out of plumb; great in substantial buildings, with partial collapse. Buildings shifted off
foundations. Ground cracked conspicuously. Underground pipes broken.

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

X!, Few, il any (masonry), structures remain standing. Bridges destroyed. Broad fissures in
ground. Underground pipe lines completely out of service. Earth slumps and land slips in
soft ground. Rails bent greatly.

XIl. Damage total. Waves seen on ground surfaces. Lines of sight and leve! distorted. Objects

thrown upward into the air.

Source: [rarthquake Information Fulletiin 6 (5), p. 28, 1274.
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Project: Requesting Agency:
Geologic hazards investigation of a school site South Summit School
in Kamas, Summit County, Utah District
By: Date: County: Job No.:
G.E. Christenson 5/24/85 Surmit | S-3
USGS Quadrangle:

Kamas (1208)

#85~021
PURPOSE AND SCOPE

The purpose of this investigation by the Utah Geological and Mineral
Survey (UGMS) was to evaluate geologic hazards at an elementary schcol site in
Kamas, Utah for the South Summit County School District. The site is
presently being graded in preparation for construction north of 300 South
Street at 500 West Street, just east of the recently completed South Summit
Middle School (attachment 1). A detailed soil foundation investigation was
not performed for the nmew school. The foundation design is being based on a
soil report by Rollins, Brown, and Gunnell done in 1979 for the adjacent
middle school (Dale Allsop, oral commun., May 16, 1985). 0Only a preliminary
reconnaissance and soil description by Chen and Associates (letter of August
7, 1984 from Kerry Parkinson to Dale Allsop) has been performed at the new
school site. It consisted of a single test pit and field soil description at
this and two other potential school sites in Kamas. The scope of work by the
UGMS included a literature review, air photc analysis, field reconnaissance on
May 10, 1985 with inspection of existing foundation excavations, and review of
the Chen and Associates (1984) and Rollins, Brown, and Gumnell (1979) reports.

GEQOLOGY

The site is at the mouth of Beaver Creek Canyon on an alluvial fan
deposited by Beaver Creek as it enters Rhodes Valley. At this locality, the
fan surface slopes gently northward toward Beaver Creek which flows along the
north edge of the site. Based on inspection of excavations and descriptions
in the soil foundation reports, soils consist of poorly stratified,
well-graded gravel with varying amounts of clay, silt, and sand with abundant
rounded cobbles and boulders. These coarse-grained deposits appear to
underlie the entire site witnh little variation except in the upper few feet
where a clayey, organic topsoil layer is present. No bedrock is exposed at
the site or is expected to be encountered in any excavations. The nearest
bedrock crops out about one block south of the site and consists of red
sandstone and shale of the Pennsylvanian-age Morgan Formation (Baker, 1970).

The nearest known active fault capable of producing a major earthguake is
the Wasatch fault about 30 miles west of Kamas (Anderson and Miller, 1579).
Several small to moderate earthguakes not identified as associated with known
faults have been recorded in the Kamas area. The nearest earthguake occurred
in 1972 about 2.5 miles southwest of Kamas and was of Richter magnitude 2.Z.
The largest earthquake within a 20 mile radius was a magnitude 4.3 event, also
in 1972, about 10 miles south of Kamas near Heber City (University of Utan
Seismograph Stations, 1985).




HYDROLQOGY

Seaver Creek is the principal drainage in the Kamas area, and water from
the creek is diverted into canals at several localities east (upstream) of the
site. The main channel is only a few feet deep, and the water level is about
at the ground surface along the north edge of the site. The report by Chen
and Associates states that total relief at the site prior to construction was
13 feet. Grading for the school foundation has lowered the site at least 5
feet below the original high point, indicating that the site is now less than
8 feet apove stream level. ODespite the lack of relief along Beaver Creek, the
Federal Insurance Administration (U.S. Department of Housing and Urban
Development) has not delineated a special flood nazard zone along the creek
(James Harvey, oral commun., May 1985). Existing records of cloudburst
floods, taken chiefly from newspaper accounts, do not list any cloudburst
flood events in Kamas (Butler and Mansell, 1972; Utah Division of
Comprehensive Emergency Management, 1981; Wooley, 1946), although it is not
certain whether this is due to a lack of flooding or a lack of reporting. The
creek diversions upstream lessen the flood hazard, but it is still believed
that overbank flooding may occur along the north edge of the site.

No ground water was encountered to 7.5 feet in the test pit by Chen and
Associates, and none was reported to 12.5 feet at the adjacent site by
Rollins, Brown, and Gunnell in 1979. Shallow ground water occurs in
unconsolidated deposits over much of Rhodes Valley, but generalized
water-table elevation contours (September, 1966) indicate a depth to water of
over 50 feet at the site (Baker, 1970). Because of these data, and in view of
the high permeability of soils at the site, shallow ground water is not
expected except in the immediate vicinity of canals and streams. Local
perched water tables may develop over shallow bedrock if present, oHut
otherwise soils should oe well drained.

CONCLUSIONS AND RECOMMENDATIONS

Tne following conclusions and recommendations are made regarding the
schaol site:

1. Soils appear similar to those at the adjacent South Summit Middle School
site described by Rollins, 8rown, and Gunnell in 1979. Althougn general
recommendations made in that report apply to this site, use of specific
laboratory and field test data from that report for foundaticon design
purposes without verification from detailed subsurface investigations at
the new site is not recommended.

2. Slope stability should not be a problem because slopes are gentle and
little site grading is necessary.

3. Flooding from Beaver Creek may occur, particularly along the north edge of
the site, and flood control measures should be taken to mitigate this
hazard.

4, The site is along the west edge of Uniform Building Code (UBC) seismic
zone 2 and 1s at the boundary tetween Utah Seismic Safety Advisory Council
(1979) seismic zores 2 and 3. At a minimum, construction should conform
to UBC specifications for seismic zone 2. If an added factor of safety is
desired, because of the location near the boundary between seismic zores 2
and 3, construction specifications for zonme 3 should pe followed.
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Project: Requesting Agency:

Review of geotechnical report for Canvon View Salt Lake Citv Planning
Park Subdivision, Salt Lake City

Date: County: Job No.:
G.E. Christenson 7/15/85 Salt Lalke Sh-1

USGS Quadrangie:

Sugar House (1212)

#825=-UZ>

In response to a reguest from Douglas Wheelwright, Salt Lake City planner,
a review of the geotechnical investigation for the Canyon View Park
Subdivision by Sergent, Hauskins, and Beckwith (SHB), Ccnsulting Gectechnical
Engineers, was performed. The subdivision is at the mouth of Emigraticn
Canyon cn a bench south cf the creek (sec. 11, 7. 1 S., R. 1 E., SLBM). The
cbjectives of the SHB investigaticn as stated in the report were to:
1) evaluate physical properties of subscils beneath Kennedy, Crestview, and
Wasatch Orives, 2) provide recommendations for pavement design, and 3) assess
the stapility of the existing slope along the northeast edge cf the
subdivision under both static and dynamic (earthguake ground shaking)
conditions. The Utah Geclcgical and Mineral Survey (UGMS) dces not have the
expertise to evaluate engineering analyses for pavement design and seismic
slope stability. However, the UGMS can review the validity of geoclegic
consideraticns input intc these analyses. The sccpe of work for our review
included a literature review, air phctc analysis, and brief site
reccnnaissance. Craig Nelson, Salt Lake County Geologist, was present during
the site visit on June 28, 1985,

No significant geologic consideraticns are invelved in pavement design,
although geclegy is an important considerations in the data input intc the
computer model used for the slope stability analysis. 0On page 6 it is stated
that a ground acceleraticn of 0.2g accompanying a magnitude 6.5 earthquake was
used as the maximum credible ground acceleraticn at the site. This value is
commenly sited as an acceleration in rock that has a 90 percent chance cf nct
being exceeded in 50 years (Algermissen and Perkins, 1976; Utah Seismic Safety
Adviscry Council, 1979). Therefcre, this is clcser tc a design cr maximum
probable ground acceleraticn, and is not the maximum credible ground
acceleraticn. A magnitude 6.5 earthquake is alsc not the maximum credible
earthquake for the area, and the Wasatch fault is considered capable cf
generating earthquakes in the range of 7.0 tc 7.5 (Schwartz and Ccppersmitn,
1984). However, because the slcpe is unstable at ground acceleraticns cf less
than 0.2 g, it would alsc be unstable at higher accelerations. This is
presented only as a pecint of informaticn because it is generally not necessary
to design residential subdivisions to withstand maximum credible events which
have average recurrance intervals along specific segments of the Wasatch fault
of 1700-~3000 years (Schwartz and Ccppersmith, 15984).

Subjects of possible geclogic impcrtance frcm the standpcint of hazards
which this report does not address include the pctential for surface fault
rupture, distance tc nearest and most recently active fault, flood or
debris-flow hazard, or scil/fcundation conditions. Although adverse
ccnditions may not exist at the site, the engineering geclogic analysis tc
make this detsrminaticn is nct included in this repcrt and the UGMS recommends
that it be ccmpletad pricr to development.
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Project: Requesting Agency:

Water Analysis of Springs for the Manila Culinary Manila Culinary Water
Water Company Compmany ’
By: Date: County: Job No.:
R.H. Klauk 5/7/95 Utah WS-1
USGS Quadrangle:
Timpanogos Cave (1129)
85=-013

BACKGROUND AND SCOPE

This report presents the results of an evaluation by the Utah Geclogical
and Mineral Survey (UGMS) of water sample analyses (attachments 1 and 2)
supplied by the Manila Culinary Water Ccmpany for two springs lccated in the
NW 1/4 of sec. 16, T. 5 S., R. 2 E., Salt Lake Baseline and Meridian, Utan
County, Utah (attachment 3). Spring A is presently developed for culinary
purpcses and spring B 1is being considered for similar use. The samples were
ccllected and analyzed as a result of recommendations made in an earlier UGMS
report by Klauk (1984) to help better define the characteristics of spring B.
To fully evaluate the analyses, a review was made of published and unpublished
geologic and hydrologic information pertinent to the area. Attachment 4
presents water analyses from cother scurces.

SPRING CHEMISTRY

An evaluation of common icns identified springs A and B as
calcium-magnesium bicarbonate-chloride-sulfate (Ca-Mg HCO3-C1-SQ,) in
character, and dilute (total dissolved sclids less than 1000 mg/l), with tctal
dissolved solid (TDS) contents of 458 and 467 mg/L, respectively (attachment
5). Both samples are enriched in Ca and HCOz with respect to other caticns
and anions. Spring A is slightly acidic (pH = 6.65) and spring 3 is slightly
basic (pH = 7.48). These pH values may be incorrect, however, if they were
determined in the laboratory and not at the sampling site (Hem, 1970).
Analyses of Wadley and Wade springs located 1.0 and 1.5 miles, respectively,
southeast of spring A are of similar character and have slightly basic pH
values (Fairbanks, 1982). Total dissclved sclid concentrations were not
included with the analyses, but specific conductance, which provides rough
estimates of TDS, indicates both springs are dilute. Water analyses presented
by Fairbanks (1982) for the undifferentiated aguifer (unconfinmed ground water
in basin-fill deposits partially recharged by bedrocck inflow) at the margin of
Utah Valley and for surface water from Grove Creek, show these waters are alsc
calcium-magnesium bicarbonate-chloride-sulfate (Ca-Mg HC33-Cl-S04) in
character, slightly and mcderately basic, respectively, and dilute
(attachments 4 and 5), Wadley and Wade Springs, the undifferentiated aquifer,
and Grove Creek, are enriched in Ca and HCOz with respect tc cther caticns
and anions. Attachment 6, nhowever, shows that tctal concentrations for
individual icns are greatest for the springs. The following discussicn
identifies similarities and differences between springs.

Spring A is perennial, flowing from a maximum of 200 gallcns per minute
(gom) in the fall toc a minimum of 150 gpm at other times of the year (Klauk,
1984). Wadley and Wade Springs, alsc persnnial, are each estimated tc flow at
1000 gpm (Appel and others, 1982). Spring B commenced flowing during the past
two years but rates of flow have not been measured. All four springs have
nigh concentrations of Ca and HCOz which, according to Drever (1982), is
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characteristic of perennial deep circulaticn. The high concentrations are
thought to be due to contact with rocks for longer pericds of time. Rock
types most likely to be found along the flow paths of these deeply circulating
waters are interbedded sandstone and cherty limestone, shale and shaley
limestcne, and interbedded dolcmite with weathered sandstone (attachment 7).
Wadley Spring and Wade Spring both issue from Mississippian Limestone (Great
3lue Limestone?) (Appel and others, 1982). Spring A issues from a sclution
cavity in calcarecus tufa (Klauk, 1984). Spring B issues from cclluvium
possiply covering calcareous tufa. The calcarecus tufa (CaCO3) deposit at
spring A suggests the circulating water has been in contact with limestcne,
probably at low temperatures (White, 1970). Springs that depcsit calcarecus
tufa contain more CO, in sclution at depth than can be retained at surface
temperatures and pressures (White and cothers, 1963). As pressure decreases,
COp is given off and pH increases causing precipitaticn of CaCOsz

(calcareous tufa). Depletion of CaCOz may also account for the large
percentage of Mg present in springs A and B. The weight ratic of Mg/Ca in
pure dolemite is 0.61 (White and others, 1963). The ratics fer springs A and
B are 0.74 and 0.85, respectively, indicating precipitaticn/depletion cf Ca
has cccurred.

An abundant scurce of COp is needed to explain calcarecus tufa
depositing springs. Hem (1970) suggests metamcrphism of limestone cccurs to
liberate the needed CO,. Increases in CO, also account for increases in
HCOz; COp allows more limestone and dolomite tc dissolve which, in turn,
allows for water to move up saturation curves tc higner HCOz ccncentraticns
(Langmuir, 1974). This results in the supersaturated conditicn with respect
to HCOz reported by Fairbanks (1982) for Wadley and Wade Springs. Sulfate
is also present in significant concentrations in springs A and B. Matthess
(1982) indicates SO0, can be present in fractures in sedimentary rccks; this
may be the source for the significant amounts found in the springs in the
study area. White and others (1963) use ion weignt ratios tc identify water
having circulated thrcugh different geolocgic envircmments. Attachment 4
presents ratios, in addition to Mg/Ca, fcr the springs discussed in this
study. The ratios used include Ca/Na, K/Na, HCOz, 304/Cl, F/Cl, and
B/Cl. (Qualitatively, as a group, these ratics show significant variability
petween springs. This indicates indicates each spring has a unigue flcw patn.

CONCLUSIONS

Springs A and B, as well as Wadley and Wade springs, all nave chemical
characteristics indicative of deeply circulating water. Chemical ratic
variability indicates springs A and 8 have separate flow patns. The flcw patn
for spring B may require more head to allow the cilrulated water to reach the
surface. If the above ncrmal precipitaticn for the past three years supplied
this additional nhead, sustained pericds of ncrmal or lower than ncrmal
precipitation may alsc reduce the head, causing spring B to cease flowing
during these sustained pericds.
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Attachment 1, Job No. Ws-1

CHEMTECH

28 EAST 1500 NORTH
OREM, UTAH 84057
(801) 226-8822

CERTIFICATE OF ANALYSIS

SAMPLE IDENTIFICATION

CLIENT: Manila Culinary Water Co.

755 W. 260C N.

Pleasant Grove, UT 84602
LAB NO.: U003790
DATE SAMPLED; __11-28-84
TIME SAMPLED:
SAMPLED BY:
LOCATION: ___Spring 'A’
COMMENTS:
PARAMETER LEVEL
Alkalinity as CaCQO,, mg/l...iveeiiiinnnnn.. 306 )24
Ammoniaas NHy-N. mg/l......cciiveenineas I 1
Arsenic as As, M@/l c.cuiiiiviieieeenannnns. <.01.0/
Bariumas Ba, Mmg/l....iieninennnnnnnnennnns <.01 /7
Bicarbonate as HCOs, Mg/l ....ivivvnvnnnnnn 373
BOronas B, MG/t ..cueeiiennieenevereeennnns 0.082
Cadmium as Cd. Mg/l ..oonuviiiininnennenn. <.01 -&f
Calcium as Ca, MG/ . e ineeeeeiiinennrnrnons 90.7
Carbonate as C.O:; .mg/I .................... 0

Utah “=eolomical and Mineral Svrves

PARAMETER LEVEL
Chlorideas ClL.mg/l........civeiiiinnnnnn 11.9
Chromium as Cr(Hex.), mg/l ............... .01 4%
Chromium as Cr (Total), ma/l .............. <.nD
Conductivity, umhos/em ... .iiiirinnnennnn 708
CopperasCu, mg/! ... .iiiiiiiiiiinnnnnnnn <.01 /2
Fluoride as F, Mm@/l coo.intniiniiieannens 1.41 /3
Hardness as CaCO;. MG/ 389
HydroxideasOH, mg/l ...ttt 0
iron as Fe (Dissolved), mg/l........... PR <.01 .3
lronas Fe (Total), mg/t ............ciiinnnn 0.040
LeadasPb, Mg/l .. iiiiiiiiiiiicninnnnnns 0.032.zr
Magnesiumas Mg, mg/l ........coivvnnn... 41.0
ManganeseasMn, mg/l .........coeiiiuenes .01 e
MercuryasHg, mg/l....oooiiiiiiiiiiiien, <.0002
Nickelas Ni, Mg/l ... iiiiiiiiiiienannnenans 0.010
Nitrate as NOy-N, MG/l ceevurennenerennnnnn. 0.242 ¥

_ Nitriteas NO:-N, mg/l ....ooveiieiiinnnen, ¢<.005
Phesphateas PO-P. mg/t o.oivvve oot 0.011
Potassiumas K, mg/l...coiviiiiiiininnnnnns 0.52
SeleniumasSe, Mg/l .. ... iiiiiiiiiiiinan <.002
Silica as SiO, (Dissolved), mg/l .......c 0.t 7.77
Silveras Ag, Mg/l .. ittt . < 01
SodiumasNa, mg/l .. .oiiiiiiiiiiiiieinenn, 11.0
Sultate 83 S0L MQ/ T eevreviiereenennnnn. 5;1 257
Total Dissolved Solids, mg/f.....c..cocennn.. 458 X
Turbidity, NTU ..........o..tt. Cetiisecanaes 0.20
ZincasZn, Mg/l ciiiieiiiiieirirranenannn 0.010
PHURIS. civieiri ittt i ieeenencnnannas 6.65 7

/;//S.{? ﬁ.—@r
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Attachment 2, Job No. WS-1

CHEMTECH

28 EAST 1500 NORTH
OREM, UTAH 84057
(801) 226-8822

CERTIFICATE OF ANALYSIS

SAMPLE IDENTIFICATION PARAMETER LEVEL
Chiorideas CLmg/l . ceuieeereennnnnnnnnn. 14,8 257
CLIENT: Manila Culinary Water Co. Chromium as Cr (Hex.), mg/l ............... <.01 2%
765 W. 2600 N. Chromiumas Cr(Total}, mg/! oo eieennnt, <.
ivity, umhos/em. ......ceiiieennnnn- 693
Pleasant Grove, UT 84062 |t Conductivity, umhos/cm
CopperasCu, mg/l ....c.coiviieiiiannanenn 0.015 42
LAB NO.. U003791 Fluoride as F, Mg/l .eevnnieeeeininneeeennns. 1.27 »t
DATE SAMPLED: _11-28-84 Hardness as CaCOy. mg/l....covvviiviin.n 298
Hydroxid OH, e e i 0
TIME SAMPLED: yaroxide as O, mg/
Iron as Fe (Dissolved), mg/l........covvnn... <.01.3
SAMPLED BY: Iron as Fe(Total), mg/l ...c.oiviiviiiiin, 1.34
LOCATION: ____Spring 'B' Lead 88 Pb, MO/l nvneeneneannannineannnns 0.032.e"
MagnesiumasMg, mg/l ........... ... 42.8
Manganese as Mn, mg/f ........covuinenn... 0.017-0¢
MENTS:
CoM S MercuryasHg, mg/l... ...t <.0002
Nickel as Ni, Mg/l ..ovininiieneiiiniaennns 0.012
PARAMETER LEVEL Nitrate as NOs;~N, mg/l...oooiiiin ot 0.275 w
Nitrite as NO,~N, mg/l ...oovviviiiiiiinen., 0.011
Alkalinity as CaCOs, mg/l.....cevivieennnnn. 287
: Phosphate as PO-P,mg/t ....iviiiiinint, 0.C17
Ammoniaas NH;-N, mg/l.........oeeneenns <.l Potassium as K, MG/l . .vernereennennnnnnns 0.82
Arsenic as As, Mg/l «..vuvriniinininnnnnnns 0.010 .o/ SeleniumasSe, mg/f.........c.oiiaiiiiae ¢.002
Silica as SiO, (Dissolved), mg/l ............. 8.03
BariumasBa, mg/l.......cooiiiiiiiiiiiee, <.01 /¢ I '0: (Dissolved), mg/
Silveras Ag, mg/l .. ciiiiieiiiiiiiiaiiie <. 01
Bicarbonate as HCO,, mg/! .. oivviiiinnnnas 350 SOQIUM S N, MG/ +nveeeeaenneeennneeanns "13.8
Boronas B, mg/l..ueeeiinrnnenennnnns eee. 0.120. Sulfateas SO, MG/M..eeeecneenaeuiarnaeenn. 90 357
. . »
Cadmium as Cd, MG/ «vnvnrenrnennnnn. s <L01 - Total Dissolved Solids, mg/l................. 467 ¢
. Turbidity, NTU ... i iiiiiii i 6.5
Calcium as Ca, mgfl .............. SEERETETEE 82.3 ZINE A5 2 MG o eveeeeeee e eaeneaeeens 0.020
Carbonateas CO;. mg/l ....co.civininan..e. 0 PR UMIS. ottt ie i ieiesieeneiananss 7.48 7
Utah Geoloaical and Mineral Surve-s -50- Sitecﬁgi;g;%(i:?ation Section



Attachment 3, Job No. WS-1
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achment 5, Job No. WsS-1
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Project: Requesting Agency:
Virgin, Utah Water Purification Project Virgin, Utah
By: Date: County: Job No.:
R.H. Klauk 5/7/85 Washington yuc -2
USGS Quadrangle:

Virgin (75)

85~-014
PURPOSE AND SCOPE

This report presents the results of an investigation by the Utah
Geclogical and Mineral Survey (UGMS) toc assess geclcgic hazards for a water
prcject for the town of Virgin, Utah. The investigaticn was perfcrmed at the
request cf Russell B, Cornelius, City Clerk. The prcject consists of a small
diversion dam on North Creek, a stcrage reservcir, and a water purificatiocn
plant. The project will provide the town of Virgin with the capacity tc
purify 150 gallons per minute of water from North Creek for culimary
purpcses. At the time of the investigation, the diversicn dam was near
completion, the storage reservoir was complete, and the foundation had been
poured for the water purificaticn plant. The scope of werk for the study
included a review cf existing geclogical literature, interpretaticn of air
phctcgraphy, and a field reconnaissance on March 25 and 26, 1985.

SETTING

The town of Virgin is located cn the Kolob Terrace in the upper Virgin
River basin cof the Colorado Plateau physicgraphic province. The Kclop Terrace
is cut into the scuth flank of the Markagunt Plateau and ccnsists cf twc
uneven plateaus separated by a line of prominent cliffs (Gregory, 1950).
Streams tributary to the Virgin River have incised intc these plateaus fcrming
canyons. North Creek is one such stream.

The upper Virgin River basin encompasses 1300 square miles and ranges frcm
semi-arid in the south near Virgin to subhumid further north (Ccordova, 1981).
Cordova (198l) alsc repcrts mean annual precipitaticn ranges from 8 tc 12
inches at Virgin toc more than 30 inches in the higher elevaticns at the
headwaters cf Ncrth Creek.

The diversion dam is lccated cn North Creek, approximately 3 miles
ncrtheast cf the town of Virgin in sec. 12, T. 41 S., R. 12 W. Salt Lake
Baseline and Meridian (attachment 1). The purification plant and stcrage
reservoir are located in sec., 23, T. 41 S., R. 12 W., 0.4 and 0.8 miles ,
respectively, ncrtheast of Virgin, above and west of the flcod plain cf Nertn
Creek.

GEOLOGY, STRUCTURE, AND SEISMICITY

Geologic units expcsed in the study area range in age from Triassic tc
Quaternary and consist of consolidated rocks and unconsclidated surficial
deposits. Bedrcck includes the Triassic Shinarump Conglomerate Member cf the
Chinle Formation, the Moenkopi Formation, the Jurassic Navajc Sandstone, and
Tertiary basalt (attachment 2). Quaternary unccnsclidated material ccnsists
of alluvium along streams and undifferentiated surficial deposits in cther
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areas (attachment 3). Bedrock in the study area generally dip to the east or
northeast at angles frcm abcut 20 to 40C; the greater dip angles are found
near faults (attachment 2). Two major faults near Virgin are the Hurricane
fault 5 miles to the west and the Cougar Mountain fault 7 miles to the east
(attachment 2). Joints, especially in the Navajo Sandstone and Shinarump
Conglomerate Member, are alsc commcn,

The upper Virgin River basin is in both Uniform Building Code (UBC) and
Utah Seismic Safety Advisory Council (USSAC) seismic zone 2. This indicates
the sites are in an area where an earthguake of modified Mercalli intensity
VII can be expected. See attachment 4 for an explanation of the intensity
scale. Several earthguakes have cccurred in this area, but cnly cne nad a
Richter magnitude cof 4 cor greater (Arabasz and cthers, 1579). No surface
faulting has been asscciated with any of these earthguakes, althcugh surface
rupture is suspected on the Hurricane fault during late Pleistocene time
(Anderscn and Miller, 1979). Nc other Pleistccerme cor ycunger faults are kncwn
in the site vicinity.

HYDROLOGY

North Creek receives flow from smowmelt in the nigher elevatiocns of its
drainage basin, and from torrential summer rains and influent ground water
(Gregory, 1950). Ground water cccurs in both bedrcck and unconsclidated
depcsits in the upper Virgin River basin (Cordova, 198l). The regicnal water
table is generally at or near the base level cf the most deeply incised
perennial streams (Cordova, 198l). Localized perched water-tabls conditicns
exist apove the regicnal water table; water accumulates abcve low permeability
clay strata cor bedrock.

SITE CONDITIONS
Diversicn Dam

At the diversicn dam site North Creek has incised intc the Middle Red
Member of the Mcenkcpi Formaticn and possibly into the more resistent
underlying Virgin Limestone Member and subsequently aggraded tc the present
base level depositing alluvium of unknown depth (attachment 3). The Middle
Red Member ccnsists cof red, fime-graimed, thin-bedded, silicecus, calcarecus,
and gypsilifercus sandstcne with occaissional lenses of fossiliferous, ncdular
limestone. The limestone in the Virgin Limestone Member varies from
even-bedded, dark blue, and massive to earthy, irregular and slapby (Gregcry,
1950). Between and belcow these limestcne strata are beds of red, brown, and
blue-gray shale and thin calcarecus sandstcne. Ccarse-grained alluvium,
containing boulders to 4 feet in diameter forms the active stream bed at tne
dam site.

The diversicn dam is corstructed of boulders cbtaimed con site tc a heignt
of approximately & feet across the channel. Backfill has been olaced
partially acrcss the channel on the downstream side of the dam tc within 2
feet of the crest. At the time cof the field reconnaissance, concrete was
peing poured intc the void spaces befween toulders to prevent dislcdgement oy
flash floods during spring and summer thunder stcrms. Previcus floocds in
North Creek have been cf sufficient size tc mcve large bculders as evidenced
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by their presence belcw the dam. Flocds of this magnitude could conceivably
overtecp the dam, but the dam is unlkely to fail. Should the dam fail, the
small amcunt of impcundment water presents only a small flcoding hazard.
Attachment 5 shcws the diversion dam with backfill on the downstream side.

Stcrage Reservoir

The storage reservoir site slcped to the north-northeast at a grade cf
approximately 10 to 15 percent. PRart of the reservoir is excavated in the
Virgin Limestone Member of the Moenkcpi Formation, and the remainder ccnsists
cf an embankment constructed of clay soil cbtained cn site. After completiocn
and filling, the reservoir leaked (Thcmas Thcmpson, city councilman, perscnnel
comm., 1985). Mortensen and cthers (1971) report that on-site scils have low
to high susceptability to piping, however, no evidence of leakage through the
embankments was cbserved indicating that the water loss occurred intc alluvium
cr bedrock.

Purification Plant

The purification plant site is located cn an alluvial surface that slcpes
approximately 13 percent to the east. £ast of the site the slcpe abruptly
terminates against a hogback that slopes to the west. A rcad cut in the
hogback exposes dark red to brown, shale-like sandstone with interlayered
gypsum of the Lower Red Member of the Moenkopi Formaticn (Gregory, 1950).
Scils exposed in a 3-foct deep trench on the site ccnsist of sandy, silty,
clay with occaissional gravel and cobbles up to 6 inches in diameter
(attachment €). These soils are similiar to those described by Mcrtensen and
others (1971), and formed from material deposited cn the alluvial surface oy
runoff from lccal high-intensity stcrms. No evidence of gypsum or ctner
hazardous scil conditions were noted in the excavaticn, however, Mcrtensen ang
cthers (1971) do identify site scils as having moderate shrink-swell
pctential. Depth to ground water is greater than 100 feet at this lccation.

At the time of the reccnnaissance, the foundaticn for the olant had ceen
poured and consisted of a cement pad inside a continuocus rectangular cne foct
thick footing with approximate dimensicns of 10 feet by 25 feet. A
backflushing pit had been excavated north of the foundaticn.

CONCLUSIONS

A major flcod on North Creek cculd overtop the dam, pcssibly dislcdging
some of the boulders used in its construction. However, this possibility is
remote and damage would not necessarily be severe to the dam. Tne small size
of the impoundment precludes nazard from flooding due tc dam failure. Leakage
at the storage reserveoir can be alleviated by a liner, the installaticn of
which is already planned (Thomas Thompson, perscnal commun., 1985). Mincr
flcoding from sheet wash could affect the purification plant site out 1s nct
considered a significant hazzard. Gypsum cr cther adverse scil conditicns
were nct observed during the reconnaissance cf the plant site. It is
suggested, however, that soil samples be taken and tested for shrink-swell
pctential.

All three sites are in UBC and USSAC seismic zone 2. Existing structures
should have hbeen and future structures shculd te cconstructed tc meet UBC
seismic requirements for zone 2. _5a-
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LOG OF EXCAVATION
Purification Plant Site

Scil Descripticn*

0.0 - 3.0 Silty clay (CL); tan, hard, medium tc high plasticity, dry,
nonindurated, 20-30 percent sand, scme gravel and isclated
cobbles, maximum particle size 6 inches.

NOTE: No ground water encountered.
*Soils classified in accordance with procedures cutlimed in ASTM Standard

D2488-69 (Revised 1975), Descripticn cof Soils (Visual Manual Procedure).
Percentages recorded for various size fractions are field estimates.
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Attachment 2, Job No. WS-2
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Attachment 2, Job No. WS-2

Geologic map of the study area,

Washingron County, Utah A
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Attachment 4, Job No. WS-Z

MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridged)
I. Notfelt except by a very few under especially favorable circumstances.

II. Feit only by a few persons at rest. especially on upper floors of buildings. Delicately suspended objects
may swing.

1. Felt quite noticeably indoors. especially on upper floors of buildings. but many people do not recog-
nize it as an earthquake. Standing motor cars may rock slightly. Vibration like passing of truck. Dura-
tion estimated.

IV. During the day felt indoors by many. outdoors by few. At night some awakened. Dishes, windows,
doors disturbed: walls made cracking sound. Sensation like heavy truck striking building: standing
motor cars rocked noticeably.

V. Felt by nearly everyone: many awakened. Some dishes, windows, etc.. broken: a few instances of
cracked plaster: unstable objects overiurned. Disturbance of trees, poles und other tali objects some-
times noticed. Pendulum clocks may stop.

V1. Felt by all; many frightened and run outdoors. Some heavy furniture moved. a few instances of {ullen
plaster or damaged chimneys. Damage slight.

VIl Everybody runs outdoors. Damage negligibie in buildings of good design and construction: slight to
moderate in well-built ordinary structures: considerable in poorly built or badly designed structures,
some chimneys broken. Noticed by persons driving motor cars.

VIII. Damage slight in specially designed structures; considerable in ordinary substantial buildings with par-
tial collapse; great in poorly built structures. Pane] walls thrown out of frame structures. Full of
chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand and mud
ejected in small amounts. Changes in wel] water. Disturbed persons driving motor cars.

IX. Damage considerable in specially designed structures; well designed frame structures thrown out of
plumb; great in substantial buildings, with partiat coliapse. Buildings shifted off foundations. Ground
cracked conspicuously. Underground pipes broken.

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

X1. Few, if any (masonry), structures remain standing. Bridges destroyed. Broad fissures in ground. Un-
derground pipe lines completely out of service. Earth slumps and land slips in soft ground. Rails bent
greatly,

XIl. Damage total. Waves seen on ground surfaces. Lines of sight and level distorted. Objects thrown
upward into the air.

Source: Earthquake Information Bulletin: 6 (5), 1973, p. 28.
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Attachment 5, Job No. WS-2 :

Photograph of the diversion dam on North Creek,
Washington County, Utah.
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Attachment 6, Job No. WS-2

LOG OF EXCAVATION
Purification Plant Site

Sbil Description®
0.0 - 3.0’ Silty clay (CL); tan, hard, medium to high plasticity, dry,
nonindurated, 20-30 percent sahd, some gravel and isolated
cobbles, maximum particle size 6 inches.
NOTE: No ground water encountered.
*Soils classified in accordance with precedures outlined in ASTM Standard

02488-69 (Revised 1975), Description of Soils (Visual Manual Prccedure).

Percentages recorded for various size fractions are field estimates.
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Project: Requesting Agency:

Evaluation of recharge area and protection zone Utah Division of Environ-
for Buckskin Springs, Box Elder Countv, Utah mental Health Bureau of

Public Water Sumplies

By:

Date: County: Job No.:
William Case 5/6/85 Box Elder WsS-3

USGS Quadrangle:

Grouse Creek (1461)

85-017
BUCKSKIN SPRINGS EVALUATION, GROUSE CREEK COMMUNITY

The Bureau of Public Water Supplies requested an evaluaticn of Buckskin
Springs, a source of culinary water for the community cf Grouse Creek, in
order tc determine its recharge area and to recommend a suitable protecticn
area. The sccpe of work involved a review of applicable literature and a site
reccnnaissance. The site was visited on April 17, 1985, by William F. Case
(Utah Geological and Mimeral Survey), Ursula K. Trueman (Bureau cf Public
Water Supplies, Utah Division of Environmental Health), and Lee Malmberg (Bear
River District Health Department).

The area investigated is located in ncrthwestern Utah approximately 20
miles south of the Idahc border and 10 miles east of the Nevada border
(attachment 1). The springs are 1300 feet south and 240 feet west of the
northeast correr of sec., 32, T. 12 N,, R, 18 W., SL3&M at an elevaticn of
approximately 5630 feet (attachment 2). The springs are in a boggy area near
the top of a long slope below an alluvial terrace. The field in which the
springs discharge is a rectangular reentrant in the terrace about 700 feet
(parallel to slcpe) by S00 feet. The area has been disturbed by attempts tc
develop the springs, making the original contours and vegetaticn difficult to
identify.

The springs issue from beneath about 5 feet of soil that is black, except
for a 6-inch thick variegated light-gray to reddish-olack clayey ncrizon about
4 feet below the surface. The clayey horizon ccntains many rocts. Bedrock is
not exposed in the area, but according to Hood and Price (1970) tne geclogy in
the spring vicinity consists of alluvium underlain by the Tertiary Salt Lake
Formation. The Salt Lake Formation consists of lacustrine clastics and
carbonates which generally have low permeability except for thin beds of
coarse-grained material or fault zones (Hood and Price, 1970). Doelling
(1980) identifies the bedrock above the alluvial terrace as the Permian Rex
Chert Formation. Rex Chert flocat cobserved near the springs appears tc have
fracture porosity which may be related to nearby faulting. However, nc faults
were cbserved during the reconnaissance, and the only fault mapped in the area
is a normal fault two miles to the north which trends toward Buckskin Springs
(Doelling, 1980).

The water collection system consists of a network of pipes driven
horizontally into the sgcil. The pipes eventually route water to a central
collection box which directs water to the Grouse Creek community line. The
collection pipes consist of white PVC pipe which has been inserted into clder,
mucn corroded, cast-ircn pipes. Hocd and Price (1970) repcrt that the
cocmmunity of Grouse Creek was using Buckskin Springs water for domestic uses
in 1968. Past records cof 3uckskin Springs as ccmpiled by Hocd and Price
(1970) show a reported flow of 110 gpm. No flow estimates were made during
the visit. Lee Malmberg reported a high bacterial count in the spring water
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which seems to be increasing with time (personnal commun., April 17, 1985).
The Buckskin Springs area was fenced, but the fence was breached during the
recent constructicn work. A local citizen indicated that the fence was
temporarily removed to allow haulage of fill intc the spring area. The
upslope fence was abgut 500 feet from the springs. There was abundant
evidence of grazing (1984 or earlier) just cutside the upslope fence.

A small spring near the base of the Rex Chert about cne-half mile
northwest of Buckskin Springs was investigated. Although the spring was at
least 50 feet from surface bedrock, it appeared tc have a bedrock source
because the alluvial recharge area is small. The spring outlet was dry, but
there was a small flow issuing from the space between an old corroded
cast-iron pipe and a black plastic pipe which had been inserted intc the
cast-iron pipe. The pipes were protruding from the alluvium about 50 feet
directly downslope from the dry spring. The black plastic pipe was not traced
to find its outlet. The spring had been fenced and the outlet was cvergrown
with vegetaticn.

Buckskin Springs appears to have a bedrcck source for the fcllowing
reascns: 1) the flow rate is reported to be constant, showing little
variation through the year as would be expected if the recharge area were
alluvium and of small extent, and 2) a nearby spring in a simliar geclogic
setting appears to have a source in the Rex Chert even thougnh it issues
downslcpe in alluvium/Salt Lake Formaticn. Buckskin Springs may have a
similar, albeit larger circulaticn system.

The recharge area for Buckskin Springs is large enough to suppcrt present
water demand, as evidenced by its use as a culinary water scurce since 1968.
The prctecticn area should extend at least 500 feet upslope tc prelude grazing
in the immediate vicinity of the springs. The dcwnslope area coculd be
decreased to 100 feet below spring discharge pcints withcut inmcreasing tne
danger of polluticn,
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Project: Requesting Agency:

Evaluation of recharge for Spring I, phase I Utah Health Devartment
3200 Subdivision, and geologic evaluation of Bureau of Public Water
vhase II 3200 Subdivision. Supnlies
By: Date: County: Job No.:
W.R. Lund 7/9/85 Iron ws-d

USGS Quadrangle:

Summit (278), Cedar Breaks, 15'

#85~-024

In response to a request from Dan Blake, Utah Division of Envirommental
Health (Bureau of Public Water Supplies), and Rod Cosslett, Southwestern Utan
District Health Department, an investigation was made of portions of the 3200
Subdivision in Iron County, Utah. The 3200 Subdivision is a large mountain
recreation subdivision that is being developed in sequential phases. Tne
purpose of the investigation was to evaluate the recharge area of a spring
being considered for culinary use on phase I, and to make a general review of
geologic and soil conditions on the newly proposed phase II portion of the
development (attachment 1). Considerations on phase II included wastewater
disposal, source of culinmary water, and slope stability. The scope of work
consisted of a review of existing literature, including a UGMS memo dated
November 5, 1979, on phase I; air photo analysis; and a field reconnaissance
on Jurne 18 and 19, 1985. Messrs, Blake and Cosslett were present during the
field inspection as was Ralph Watson of Eckhoff, Watson, and Preator
Engineering, the developer's representative.

SETTING

The 3200 Subdivision is located along the East and West Forks of Braffits
Creek in rugged mountain terrain about 5 miles southwest of Summit, Utah
(attachment 1). The subdivision encompasses approximately 3200 acres and is
being developed in phases of about 800 acres each. Activity on phase 1
commenced in 1979 and work is now beginning on phase II. Both phases are
characterized by steep slopes along drainages and moderate to gentle slopes on
ridge tops and on the flank of Summit Mountain. Bedrock underlying the
oroposed subdivision includes both Tertiary and Cretaceous age sedimentary
rocks and Tertiary volcanics. Rock outcrops are isolated and of limited areal
extent. The East and West Fork faults, large normal faults exhibiting severzl
hundred feet of vertical displacement, are mapped by Gregory (1950) as
traversing the property from north to south along East and West Forks of
Braffits Creek respectively. Elevations range from about 7400 feet in the
canyon bottom at the north end of phase II to over 9000 feet on Summit
Mountain. Both the Zast and West Forks of Braffits Creek flow to the north to
Parowan Valley. Vegetative cover is moderate to heavy, with sagebrush, scrub
oak, and aspen predominating. Pine trees are found at higher elevations and
along creeks. A number of roads have been cut on phase I, but access to phase
II is limited to a single road along the West Fork of 3raffits Creek and a
jeep trail along the crest of Middle Ridge. The subdivision is presently
platted as a low density, recreational development with lots of 5 acres or
larger. Both phases are propcsed as "water hauling" subdivisions with water
available from a springs developed on site.
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SPRING 1 RECHARGE AREA

One of the springs being developed for culinary use on phase I is
designated as Spring 1 and is located near the east property boundary in the
NEL/4SW1/4 sec. 25, T. 25 S., R. 10 E., SLBM (attachment 1). Utah Public
Drinking Water Regulations require a 1500-foot protection zone free of
concentrated sources of pollution upslope from springs used for culinary
purposes. An exception to the 1500-foot zone may be granted if it can be
demonstrated that a smaller area is justified on the basis of geologic and
hydrologic conditions. An exception was reqguested oy the developer for Spring
1 and supported by a orief geologic report prepared by a consultant (Maxfield,
1981). The report states that the spring recharge area is limited to "a
rather restricted area composed of soils and gravels trapped within the basin
in which it 1s located." The report geoes on to say that "Because of the low
permeability of the rocks on the ridge above the spring and steesp dip of the
teds (volcanics) to the southeast, away from tne spring area; it is not
possible for the spring to recelve any appreciable amount of ground water from
the ridge area to the southwest." The report recommends that a variance of
unspecified size be permitted in the spring protectipn zore.

The results of the field reconnaissance did not substantiate the
consultant's conclusions. 3edrock exposures could not be reliably identified
in tne spring vicinity, therefore, it was not possible to verify eitmer tne
dip direction or degree of fracturing of the volcanics. Thomas and Taylor
(1948) and Bjorkland, Sumsion, and Sandbery (1978) state that the volcanics
are generally impervious but can contain ground water in fractures which gives
rise to some springs in the area. Since fracture permeapility is generally
independent of the strike and dip of bedrock, there 1s no reason to conclude
from existing evidence that a southeast dip would prevent water from moving
downslope to the spring. In addition, colluvial cover over a consideraole
area of the ridge above the spring appears sufficiently thick tmat it could
collect ground water and transmit it to the spring above the oedrock. Tne
colluvium is hummocky and contains a number of closed or semi-closed
deoressions that would nold snow, allowing it to melt slowly and infiltrate
into the soil. Based on the field review, it is pelieved that tne recharge
area for Spring 1 is larger tnan that concluded by the consultant and should
be considered to extend to the crest of Summit Mountain southeast of tne
spring. The 1500-foot protection zome normally reguired for a culinary spring
appears appropriate for Spring 1.

PHASE II GEOLOGIC EVALUATION

The geclogic evaluation of phase 1I of the 3200 subdivision was primarily
concerned with suitability of site soils for individual wastewater disposal
systems, the recharge area and protection zone for Pine Spring, and slope
stability in areas being considered for development. Additional comments are
are provided concerning erosion on phase 11 that might affect development.

Soils

Rugged terrain and lack of roads resulted in an uneven distrioution of

soil test pits across phase II. FEleven test pits were available for
inspection. They were concentrated along the crest of Middle Ridge, in a
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topographic saddle nmorth of Dairy Hill, and in a meadow near the north end of
the property. Most test plts had sloughed and filled to varying degrees since
being excavated in October 1984, However, a nearly continuous series of road
cuts extending north-south across the property on the west side of West Fork
Braffits Creek provided numerous good soil exposures. A total of 17 detailed
soil logs were made either in test pits or in road cuts (attacnment 2).
Generally, the soils were found to be silty or clayey sands with gravel and
containing a high percentage of cotbles and boulders. Medium to nigh
olasticity clay was encountered in test pit 31 in the meadow near the north
end of the property and in test pits 1, 4, and 5 on Middle Ridge. The meadow
is in a closed topographic depression where clay has been deposited after
eroding from surrounding hills. The clay on Middle Ridge is associated witn
shallow weathered shale bedrock. Evidence of shallow bedrock was also
observed at other test pits on Middle Ridge. The piles of excavated material
next to the test pits commonly contained boulder-sized pieces of weathered
tedrock that had been ripped by the backhoe.

Though commonly containing some clay, most soils on the property are sandy
and appear suitable for wastewater soil absorpticn systems. Absorption
systems should not be installed in areas of shallow bedrock or high plasticity
clay. Dry, desicated clay often contains cracks that readily accept water ang
make it apoear that the soil has a moderate to hign percolation rate.

However, once the clay minerals absorb water they swell arnd close the cracks,
making the soil almost impermeable. The clay soils examined during the field
reconnaissance contained numerous desication cracks and exhibited moderate to
high olasticity. It 1s recommended that absorption fields not be installed in
those materials.

Pine Spring

Pine Spring 1s near the north boundary of phase II on the west side of
West Fork Braffits Creek (attachment 1). The cresk cnannel is deeply incised
and the soring is several tens of feet above the stream. The spring
discharges from colluvium over a relatively large area (aporoximately 1 acre)
that is heavily vegetated with trees and underbrush. The thickness of tne
colluvium is not known, but volcanic oedrock prooably occurs at shallow
depth. Due to the elevation difference between the spring and creek, littis
if any recharge to the spring comes from infiltrating stream water. Tne
orincipal recharge area is a closed topographic depression due soutn of the
spring (attachment 1). The depression is 80 to 100 feet nigher than tne
soring, about 30 acres in size, and occupied by a grassy meadow. Its origin
is not known, but possibilities include landsliding, a collapse feature in
underlying volcanics, or less likely, faulting along the West Fork fault wnicn
Gregory (1950) shows trending north-south through phase II on the east side of
West Fork Braffits Creek. The west and south sides of the depression are
formed by high mountain ridges that are steep and consist of volcanic bedrock
overlain by colluvium. The east side of the depression is lower and l=ass
steep, but drops steeply from its crest to the incised channel of West Fork
raffits Creek more than 200 feet below. The nortn side faces down-canyon and
is low with a gentle slope before drocping steeply to Pire Spring. The
depression collects runoff from a large area and concentrates it in the meadow
where it infiltrates and recharges the spring. The 1500-foot protection zone
for the spring passes approximately througn the middle of the meadow. Under
most circumstances, a protection zone of that size would be adeguate for a
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culinary spring. However, because runoff 1s concentrated in the depression,
it is recommended that the entire meadow be included in the protection zone.
Incorporation in the protection zone need not preclude all development, but
the meadow should be kept free of concentrated sources of pollution,

Slope Stability

The geologic evaluation for phase I of the 3200 Subdivision (Lund, 1979)
identified several landslides and areas of potentially unstable ground on the
east side of Middle Ridge. As a result, a number of modifications were made
in the development plan for that area. Phase II encompasses all of tne west
side, crest, and upper portion of the east side of Middle Ridge. Geologic
conditions there are similiar to those encountered in phase I. An
investigation performed for the develaoper by a geologic consultant identified
five areas of unstable ground in phase II of the subdivision (Maxfield,

1985). The field review and air photo analysis indicate that the boundaries
of the unstable areas mapped by the consultant are essentially correct
(attachment 1). Evidence of recent movement (spring 1985) was observed in a
portion of one unstable area on the west side of Middle Ridge. In additiom to
areas of unstable ground, erosion is active over much of phase II. Large
gullies, some several feet deep and hundreds of feet long, are common on the
flanks of the ridge and the banks of West Fork Braffits Cresk are eroding at a
number of locations., The combination of steep slopes, unstable ground, and
active ercsion will compine to make development on Middle Ridge very
difficult. If development does proceed, it is recommended that structures and
individual wastewater disposal systems not be allowed in the unstable arsas ar
within a 100-foot puffer zone around tnem. Roads should avoid unstanle grourd
to the extent possible and pe permitted only where grading can be kept to a
minimum and where there is evidence of long-term inmactivity in the unstable
areas. Orainage for roads and other facilities should direct water away from
Jnstable or eroding areas.

Development of lots partially underlain by unstable ground should proceed
with caution. The boundary of the unstapble area on each lot should oe
determined and the 100-foot ouffer zone established. The remainder of tne lot
should be evaluated in terms of slope, so0il type, depth to bedrock, and access
to determine if construction is feasiple., Building sites and wastewater
disposal systems should avoid actively eroding areas or potential unstable
areas. The complexity of establishing the bulldable area on those lots is
such that it can only be done on a lot by lot basis. It is recommended that
the developer prepare a report for review by county officials covering those
lots where it is pelieved construction is possible. The report should
document that sufficient buildaple area is available for a cabin and
wastewater disposal system, and that geologic conditions are suitable for
wastewater disposal. '

CONCLUSIONS AND RECOMMENDATIONS

3ased on the results of tnis investigation, the following cormclusions and
recommendations are made:

1. The recharge area for Spring 1 on phase I of the 3200 Subdivision includes
the area of hummocky topography underlain by colluvium east and soutneast
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of the spring and extending to the crest of Summit Mountain. The required
1500-foot protection zone for a culinmary spring is appropriate for Spring 1.

2.

Soil conditions on phase II of the subdivision are variable but generally
suitable for individual wastewater disposal systems. Care should be
exercised to avoid areas of shallow bedrock (chiefly ridge crests) and
high plasticity clay soils.

The principal recharge area for Pine Spring is the closed topographic
depression immediately south of the spring and the area that drains into
the depression. It is recommended that the entire meadow occupying the
bottom of the depression be included in the protection zone for Pire
Spring.

Areas of unstable ground and active erosion are present on phase II of the
subdivision. It is recommeded that development not be permitted in those
areas or within a 100-foot buffer zone around them. Lots partially
included within unstable areas should be evaluated on an individual basis
to insure that sufficient buildable area is available and that site
conditions are adequate for installation of individual wastewater disposal
systems. Roads should avoid unstable and potentially unstable areas to
the extent possible and cross them only where grading can be kept to a
minimum and where there is evidence of long-term stability.

Conditions on phase II of the 3200 Subdivision are less than optimum,

narticularly with regard to slope stability and erosion. It is anticipated
that the degree of success achieved in developing the property (as measursd oy
the absence of geology-related problems experienced by lot owners) will depend
on the extent to which geologic conditions are considered as the development
oroceeds.
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Logs of Test Pits and Road Cuts*
Phase II 3200 Subdivision
Iron County, Utah

Test Pit 1%*

0.0

- 3.0' Fat clay (CH); brown, stiff, high plasticity, dry; trace
fine sand, well developed prismatic soil structure.

Note: Test pit sloughed below 3 feet. Varicclored shale noted in the
waste pile.

Test Pit 2

0.0 - 0.9 Silty sand with gravel (SM); yellow brown, medium dense,
nonplastic to low plasticity, dry; 15 percent gravel to 1
1/2-inch diameter.

0.9' - 2.4 Clayey, silty sand with gravel (SM-SC); yellow brown,
dense, low plasticity, moist; 25 percent gravel to 2-inch
diameter.

2.4'" - 3.2 Silty sand with gravel (SM); light prown to yellow brown,
dense, nonplastic, dry; 20 gercent gravel to 2-incn
diameter.

3.2' - 5.5 Silty gravel with sand (GM); light orown, medium dense to

dense, nonplastic, dry; very ccarse grained with numerous
cobbles and boulders, weathered bedrock.

Note: Test pit has sloughed below 6.5 feet.

Test Pit 3

0.0

0.3!

2.0!

- 0.3 Silty sand with gravel (SM); dark brown to black, medium
dense, nonplastic to low plasticity, dry; 40 percent gravel
to 3-inch diameter, some cobbles, root zone.

- 2.0 Silty gravel with sand (GM); brown, medium dense,
nonplastic, dry; numerous cobbles and boulders to
1 1/2-foot diameter.

- 4,3 Silty sand with gravel (SM); yellow brown, medium dense,
nonplastic, dry; medium-grained quartz sand with 20 percent
gravel,

Note: Test pit have sloughed below 4.3 feet. Numerous large slao-like
boulders in the waste pile.

*Soils classified in accordance with procedures outlined in ASTM Standard
D2488-69 (Revised 1975), Description of Soils (Visual Manual Procedur=)
and ASTM Standard D2487-83 Classification of Soils for Zngineering
Purposes. Percentages recorded for various size fractions are field
estimates.

**Tast pit designations correspond to those established by tne developer.
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Test Pit 4
0.0 - 0.8' Sandy silt (ML); pbrown, stiff, low plasticity, dry.

0.8' - 2.7 Lean clay with sand (CL); red brown, stiff, medium
plasticity, dry; 15 percent fine to medium sand.

2.7" = 3.9! Clayey gravel-gravelly lean clay (GC-CL); red brown, stiff
to very stiff, medium plasticity, dry; weathered shale
bedrock with boulders to 1-foot diameter.

Note: Test nit has sloughed below 3.9 feet.

Test Pit 5

0.0 - 0.9' Clayey sand (SC); orown, dense, medium plasticity, dry.

0.9' - 2.4 Fat clay (CH); gray, very stiff, medium to high plasticity,
dry; well-developed prismatic soil structure.

2.4 = 4.1 Shale bedrock; gray, highly weathered.

Note: Test oit has sloughed telow 4.1 feet.

Test Pit 6

0.0' - 0.5 Cobble and boulder layer; very coarse grained, poulders to
1-foot diameter or larger.

0.5' - 2.1' Silty gravel with sand (GM); brown, medium dense,
nonplastic to low plasticity, dry; numerous coboles anrd
boulders to 1 1/2-foot diameter.

2.1' = 3.7 Silty sand-sandy silt (SM-ML); yellow brown, stiff; dense;

low plasticity, dry; fine to medium sand.

Note: Test pit nas sloughed below 3.7 feet. Top of waste pile contains

clay.
Test Pit 7
0.0 - 3.4 Silty sand with gravel (SM); black, medium dense, low

plasticity, dry.

Note: Test pit has sloughed below 3.4 feet. Top of waste pile contains
red clayey sand and boulders.

Test Pit 8

0.0 - 0.4' Silty sand with gravel (SM); dark brown to black, medium
dense, low plasticity, dry; 20 percent gravel to 2-inch
diameter, root zone.

0.4'" - 3.7 Clayey sand with gravel (SC); red orown, dense, medium

plasticity, dry; 30 percent gravel to 2 1/2-inch diameter.

Note: Test pit nhas sloughed below 3.7 feet. Numerous cobplas and

boulders.
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Test Pit 9

Silty sand with gravel (SM); dark brown to black, medium
dense, low plasticity, dry; 25 percent gravel to 1 1/2-inch
diameter; root zone.

Silty sand with gravel (SM); red brown, dense, medium
plasticity, dry; 25 percent gravel to 2-inch diameter,
trace of clay.

Test pit has sloughed below 4.8 feet.

Silty sand with gravel (SM); dark brown to black, medium
dense, low plasticity, dry; 25 percent gravel to 2-inch
diameter, root zone.

Clayey sand with gravel (SC); brown, medium dense to dense,
medium plasticity, dry; numerous cobbles and ooulders to 1
1/2-foot diameter.

Test pit has sloughed below 4.7 feet.

Silty sand with gravel (SM); black, medium dense, low
plasticity, dry; 30 percent gravel, some cobbles.

Clayey sand with gravel (SC); red brown, dense, medium
plasticity, dry; 30 percent gravel, numerous coboles and
poulders.

Soil log made in a road cut.

Silty sand with gravel (SM); dark brown to black, medium
dense, low plasticity, dry; 25 percent gravel, some coooles.

Clayey sand with gravel (SC); red brown, dense, medium
plasticity, dry; 30 percent gravel to 2 1/2-inch diameter.

Poorly graded gravel with sand (GP); dark gray, medium
dense, nonplastic, dry; gravel to 3-inch diameter.

0.0 - 2,6!
2,6'" - 6.8
Note:
Test Pit 13
0.0 - 0.9
0.9' = 4,7
Note:
Test Pit 23
0.0 - 1.4
l.4v = 7.5
Note:
Test Pit 24
0.0 - 1.1
1.1' - 4.3
4,3' - 6,5
Note:

Soil log made in a road cut.
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Test Pit 26A

0.0 - 1.6 Silty, clayey sand with gravel (SC-SM); black, medium
dense, low to moderate plasticity, dry; 20 percent gravel,
numerous cobbles and boulders.

1.6' - 4.7 Silty sand with gravel (SM); dark brown, medium dense,
slightly plastic, dry; 30 percent gravel, numerous cobbles
and boulders.

Note: Soil log made in road cut adjacent to percolation test nhole. The
road cut identified by the developer as the location of the log for test
hole 26 that was included in the feasibility study for the project is
approximately 100 feet to the northeast (see below).

Test Pit 26

0.0 - 0.5! Silty sand with gravel (SM); black, medium dense, slignhtly
plastic, dry; 30 percent gravel, numerous cobbles and
boulders.

8.5'" - 7.0 Yolcanic bedrock; gray, moderately weatnered, nignly
fractured.

Note: Soil log made in a road cut.

Test Pit 29
0.0 - 1.2 Silty, clayey sand with gravel (SM-SC); black, medium

dense, low plasticity, dry; 20 percent gravel, some cgobbles.
1,2' - 8.0 Clayey sand (SC); red brown, dense, medium plasticity, dry.

Note: Soil log made in a road cut.

Test Pit 30

0.0 - 0.8! Silty sand with gravel (SM); black, medium dense, sligntly
plastic, dry; 30 percent gravel, some cobbles.

0.8' - 7.0 Clayey sand with gravel (SC); red brown, dense, medium

plasticity, dry; 60 percent coarse sand, numerous coodles
and boulders.

Note: Soil log made in a road cut.

Test Pit 31

0.0 - 3.4" Silty sand (SM); black, medium denss, slightly plastic,
dry; fine sand.

3.4' - 5,5 Lean clay with sand (CL); yellow srown, very stiff, medium

plasticity, dry; 30 percent medium sand, stage 11 calicne,
Note: Test nit is located in the meadow above Pilrme Spring.
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Attachment 2, Job No. ®WS-4

Logs of Test Pits and Road Cuts*
Phase II 3200 Subdivision

Iron County, Utah

Test Pit 1**

0.0 - 3.0 Fat clay (CH); brown, stiff, high plasticity, dry; trace
fine sand, well developed prismatic soil structure.

Note: Test pit sloughed below 3 feet. Varicolored shale noted in the
waste pile.

Test Pit 2

0.0 - 0.9 Silty sand with gravel (SM); yellow brown, medium dense,
nonplastic to low plasticity, dry, 15 percent gravel to 1
1/2-inch diameter.

0.9' - 2.4 Clayey, silty sand with gravel (SM-SC); yellow brown,
dense, low plasticity, moist; 25 percent gravel to 2-inch
diameter.

2.4' - 3.2! Silty sand with gravel (SM); light brown to yellow brown,
dense, nonplastic, dry; 20 percent gravel to 2-inch
diameter.

3.2'" - 6.5 Silty gravel with sand (GM); light brown, medium dense to
dense, nonplastic, dry; very coarse grained with numerous
cobbles and boulders, weathered bedrock.

Note: Test pit has sloughed below 6.5 feet.

Test Pit 3

0.0 - 0.3 Silty sand with gravel (SM); dark brown to black, medium
dense, nonplastic to low plasticity, dry; 40 percent gravel
to 3-inch diameter, some cobbles, root zone.

0.3' - 2.0' Silty gravel with sand (GM); brown, medium dense,
nonplastic, dry; numerous cobbles and boulders to
1 1/2-foot diameter.

2.0' - 4.3 Silty sand with gravel (SM); yellow brown, medium dense,
nonplastic, dry; medium-grained quartz sand with 20 percent
gravel.

Note: Test pit have sloughed below 4.3 feet. Numerous large slab-like
boulders in the waste pile.

*Soils classified in accordance with procedures outlined in ASTM Standard
D2488-69 (Revised 1975), Description of Soils (Visual Manual Procedure)
and ASTM Standard D2487-83 Classification of Soils for Engineering
Purposes. Percentages recorded for various size fractions are field
estimates.

**Test pit designations correspond to those established by the developer.



Test Pit 4
0.0 - 0.8 Sandy silt (ML); brown, stiff, low plasticity, dry.

0.8' - 2.7' Lean clay with sand (CL); red brown, stiff, medium
plasticity, dry; 15 percent fine to medium sand.

2.7' - 3.9 Clayey gravel-gravelly lean clay (GC-CL); red brown, stiff
to very stiff, medium plasticity, dry; weathered shale
bedrock with boulders to l-foot diameter.

Note: Test pit has sloughed below 3.9 feet.

Test Pit 5

.0 - 0.9 Clayey sand (SC); brown, dense, medium plasticity, dry.

0.9'" - 2.4 Fat clay (CH); gray, very stiff, medium to high plasticity,
dry; well-developed prismatic soil structure.

2.4'" - 4.1 Shale bedrock; gray, highly weathered.

Note: Test pit has sloughed below 4.1 feet.

Test Pit 6

c.0' - 0.5 Cobble and boulder layer; very coarse grained, boulders to
1-foot diameter or larger.

g.5" - 2.1 Silty gravel with sand (GM); brown, medium dense,
nonplastic to low plasticity, dry; numerous cobbles and
boulders to 1 1/2-foot diameter.

2.1' - 3.7 Silty sand-sandy silt (SM-ML); yellow brown, stiff; dense;

low plasticity, dry; finme to medium sand.

Note: Test pit has sloughed below 3.7 feet. Top of waste pile contains
clay.

Test Pit 7

0.0 - 3.4 Silty sand with gravel (SM); black, medium dense, low
plasticity, dry.

Note: Test pit has sloughed below 3.4 feet. Top of waste pile contains
red clayey sand and boulders.

Test Pit 8

0.0 - 0.4 Silty sand with gravel (SM); dark brown to black, medium
dense, low plasticity, dry; 20 percent gravel to 2-inch
diameter, root zcne. '

C.4' - 3.7 Clayey sand with gravel (SC); red brown, dense, medium

plasticity, dry; 30 percent gravel to 2 1/2-inch diameter.

Note: Test pit has sloughed below 3.7 feet. Numerous cobbles and

boulders.
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Test Pit 9

0.0 - 2.6' Silty sand with gravel (SM); dark brown to black, medium
dense, low plasticity, dry; 25 percent gravel to 1 1/2-inch
diameter; root zone.

2.6 - 6.8' Silty sand with gravel (SM); red brown, dense, medium
plasticity, dry; 25 percent gravel to 2-inch diameter,
trace of clay.

Note: Test pit has sloughed below 6.8 feet.

Test Pit 13

0.0 - 0.9 Silty sand with gravel (SM); dark brown to black, medium
dense, low plasticity, dry; 25 percent gravel to 2-inch
diameter, root zone.

0.9' - 4.7" Clayey sand with gravel (SC); brown, medium dense to dense,

medium plasticity, dry; numerous cobbles and boulders to 1
1/2-foot diameter.

Note: Test pit has sloughed below 4.7 feet.

Test Pit 23

0.0 - 1.4' Silty sand with gravel (SM); black, medium dense, low
' plasticity, dry; 30 percent gravel, some cabbles.
l.4' - 7.5 Clayey sand with gravel (SC); red brown, dense, medium
plasticity, dry; 30 percent gravel, numerous cobbles and
boulders.

Note: Soil log made in a road cut.

Test Pit 24

0.0 - 1.1' Silty sand with gravel (SM); dark brown to black, medium
dense, low plasticity, dry; 25 percent gravel, some cobbles.

1.1'" - 4.3 Clayey sand with gravel (SC); red brown, dense, medium
plasticity, dry; 30 percent gravel to 2 1/2-inch diameter.

4.3'" - 6.5 Poorly graded gravel with sand (GP); dark gray, medium

dense, nonplastic, dry; gravel to 3-inch diameter.

Note: Soil log made in a road cut.
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Test Pit 26A

0.0 - 1.¢' Silty, clayey sand with gravel (SC-SM); black, medium
dense, low to moderate plasticity, dry; 20 percent gravel,
numerous cobbles and boulders.

1.6' - 4.7' Silty sand with gravel (SM); dark brown, medium dense,
slightly plastic, dry; 30 percent gravel, numerous cobbles
and boulders.

Note: Soil log made in road cut adjacent to percolation test hole. The
road cut identified by the developer as the location of the log for test
hole 26 that was included in the feasibility study for the project is
approximately 100 feet to the northeast (see below).

Test Pit 26

0.0 - 0.5 Silty sand with gravel (SM); black, medium dense, slightly
plastic, dry; 30 percent gravel, numerous cobbles and
boulders.

0.5' - 7.0 Volcanic bedrock; gray, moderately weathered, highly
fractured.

Note: 'Soil log made in a road cut.

Test Pit 29
0.0 - 1.2' . Silty, clayey sand with gravel (SM-SC); black, medium

dense, low plasticity, dry; 20 percent gravel, some cobbles.
1.2' - 8.0 Clayey sand (SC); red brown, dense, medium plasticity, dry.

Note: Soil log made in a road cut.

Test Pit 30

0.0 - 0.8 Silty sand with gravel (SM); black, medium dense, slightly
plastic, dry; 30 percent gravel, some cobbles.

0.8' - 7.0 Clayey sand with gravel (SC); red brown, dense, medium

plasticity, dry; é0 percent coarse sand, numerous cobbles
and boulders.

Note: Soil log made in a road cut.

Test Pit 31

0.0 - 3.4 Silty sand (SM); black, medium dense, slightly plastic,
dry; fine sand.

3.4" = 5.5 Lean clay with sand (CL); yellow brown, very stiff, medium

plasticity, dry; 30 percent medium sand, stage II caliche.

Note: Test pit is located in the meadow above Pine Spring.
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Project: Requesting Agency:
Investigation of spring and well protective Bureau of Public Water
zones, Pine Meadow Ranch, Summit Countv Supplies Utah Dept.

of Health

By: Date: County: Job No.:

G.E. Christenson 8/5/85 Summit WS=5

USGS Quadrangle:

Big Dutch Hollow (1251) Wanship (1250)

#85-026
PURPOSE AND SCCPE

In response to a request from Larry Mize, Bureau of Public Water Supplies,
an inspection was made of several potential culinary water sources for the
Pine Meadow Ranch Subdivision in Summit County. The sources include Bobcat
Spring and three wells (attachment 1). The purpose of the inspection was to:
1) determine the recharge area and protection zone for the spring and its
relations to two existing homes on lots 7 and 8 of Plat A (attachment 1), and
2) evaluate whether the wells should be classified as deep or shallow under
State Health Department regulations.

The scope of work for the study included a literature review, air photo
analysis, and field reconnaissance. Several previous field investigations
have peen performed at Pine Meadow Ranch Subdivision for the Burszau of General
Sanitation and experience gained from these studies was valuable in tnis
analysis. Brent Sutherland (Pine Meadow Ranch Owner's Association), Roy Dixon
(Summit City/County Health Department), and Mr. Mize accompanied me in the
fizld on Jume 26, 1985.

GEOLOGY AND HYDROLOGY

Little information i1s available on the bedrock geology of the Pine Meadow
Ranch Subdivision area. Maps that have been completed (Intermountain
Association of Geologists, 1969; Mullens, 1971) were found to oe in error
during earlier investigations by the UGMS (Christenson, 1983) and Dames ard
Moore (1984). These maps show the area to bDe underlain by coarse-grained
sedimentary rocks rather than the volcanic tuff, tuff breccia, ard tuffaceous
sandstorne actually present over most of the subdivision. The volcanic rocks
are overlain by a variable thickness of residual and tranmsported soil ranging
from rounded gravels to highly plastic clay, and are underlain by conglomerate
of the Wasatch Formation. Structure in these units is not known, out from air
nhotos the fractured volcanic rocks appear to be flat-lying to gently dipping
as is the underlying Wasatch Formation. The Wasatch Formation unconformanly
overlies the north-dipping Cretaceous Frontier Sandstone (Mullens, 1972;
Hintze, 1982).

Bobcat Spring and two of the wells studied are in an area termed the Salt
Box basin (attachment 1). In this area soils are clayey, rock is nignly
weathered and fractured, and many springs occur. These conditions ars
conducive to landsliding, and gecomorphic evidence of past landsliding in the
area includes hummocky topography inm the bottom of the basin and flat terraces
on nillsides and ridges, perhaps representing tops of backtilted landslice
olocks, northwest of 3obcat Spring. This evidence is not conclusive, however,
and slopes in the Salt Box area appear stable at present. Drainage is well
estabnlished and landslides, if present, show no evidence of modern movement.
However, active landsliding is common along the road and stream to the
southeast in Tollgate Canyon. ;
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Little information is available on the hydrologic properties of the
volcanic rocks underlying the Pine Meadow Ranch Subdivision, but water
orobably exists chiefly in fractures in rock with recharge occurring from
orecipitation, snowmelt, and stream flow at higher elevations. Sandstones
with primary intergranular permeability are present and may transmit water,
but this water moves slowly and generally does not contribute significantly to
the discharge from springs or wells. O0ld slide planes and zones of broken
rock related to ancient landsliding may also play a role in the movement of
ground water.

PROTECTION ZONES FOR CULINARY WATER SOURCES

Boocat Spring

Test pits in the vicinity of Babcat Spring during previous investigations
show weathered volcanic bedrock at depths ranging from 0.5 to 1.5 feet on
hillslopes (test pit 42, Dames and Moore, 1984; test pit 1, Christenson, 1983)
and unconsolidated clay, silt, sand, and gravel with copbles to 10 feet at the
base of slopes (test pits 43 and 46, Dames and Moore, 1984)., The discharge
area and spring collection system are buried and could not be observed, but it
is likely that the water is derived from fractured volcanic oedrock beneath
colluvial cover at the base of the slope. The spring has an average discnarge
of 35 gallons per minute {(gpm) and a minimum discharge of 15-16 gpm (3rent
Sutherland, oral commun., June 16, 1985). Because of the heterogeneity of
Tock in the area, effects of possible landsliding, and lack of outcrops, the
flow paths and recharge area for the spring cannot pe determimed with
certainty using existing information. Recharge probably occurs from snowmelt
and precipitation at higher elevations to the north, including areas outside
the surface drainage basin in which the spring is located. Natural springs
are reported at approximately the same elevation around the north side of the
Salt Box basin, indicating a possible perched water table in rock at that
elevation., Individual recharge areas for each spring are unknown, bdut would
include at least the immediate area of the spring. Thus, the protecticn zore
for 3obcat Spring should extend the required 1500 feet upslope abtove the
spring, but need not extend laterally beyond the next adjacent spring if it is
less than 1500 feet away. Such a spring is present below tne two existing
nomes in Plat A (attachment 1). These homes and the spring are at an
elevation roughly equivalent to Bobcat Spring and are about 800 feet away.
Although wastewater disposal at these homes may contaminate the local spring,
it should not affect Bobcat Spring.

Well 1

Well 1 is located about 250 feet directly north of Boocat Spring
(attachment 1). It was drilled in September 1977, to a depth of 190 fest
(attachment 2). The well is 60-70 feet above Bobcat Spring. The report filec
with the State Engineer lists a static water table of 85 feet put does not
include a lithologic log of the hole. The casing schedule, perforated
intarvals, and deptn of surface seal are unknown. The water level is pelaw
the elevation of Bobcat Spring, indicating that the well may tap a desper
aquifer. If so, it is not kmown if this aguifer is under artesian pressure,
althougnh a less permeaole layer would necessarily separate the two aguifers.

Monitoring the effect of pumping well 1 on flow from 3oocat Spring could give



an indication of whether they tap a single aquifer or two separate aquifers.
If extended pumping has no effect on spring flow, the well likely taps a
deeper aguifer and is sealed from the upper aquifer. However, without tnis
aquifer test or further information on soil and rock types, depth of the
oerforated interval(s), and depth and type of surface seal, the source of
water cannot be determined and the well should be considered shallow.

Hell 2

Well 2 is about 1/4 mile east of Bobcat Spring on the east edge of the
Salt Box basin at the head of Tollgate Canyon (attachment 1). The well is 233
feet deep, but was only logged from 193 to 233 feet (attachment 3). Althougn
no record was made of the perforated interval, the well log indicates that
water was encountered in a sandstone bed from 193-228 feet so this interval
was likely perforated. A surface seal of unknown depth was emplaced, but the
rock types and possible water scurces in the upper 193 feet are unknown.
Because of the lack of information, the source of water cannot be determined
and the degree of protection from surface contaminants is unknown. Unless
further information can be acquired, the well should de classified as shallow.

Well 3

Well 3 is southeast of well 2 about 3500 feet (attachment 1l). The well
driller's report indicates that it was drilled through interbedded clay
(shale) and sandstone to a depth of 555 feet (attachment 4). The well is
perforated at a sandstone interval from 371 to 402 feet, with a surface seal
olaced from 3 to 100 feet in an interval consisting chiefly of clay. This
well probably derives water from beds in the Cretaceous rocks which underlie
the Wasatch Formation.

The water level at the time of drilling was 20 feet, and at the time of
this investigation the well was flowing under artesian pressure. The well
head consists of an imner and outer casing, both extending above ground, and
water was flowing from both the immer casing and the space oetween the two
casings. This indicates tnat a seal is not present between the casings.
Also, if the outer casing only extends downward 20 feet as indicated by Brent
Sutherland (oral commun., June 26, 1985), a seal does not exist between the
inner casing and the rock below the base of the outer casing. Water is
apparently rising up in the annular space between the rock and inner casing
and eventually up between the two casings at the top. If pumping of tne well
lowers water levels in ooth the well and outer casing, then the well is not
sealed properly above the aquifer level. If pumping does not lower the water
level in the outer casing, then this water is derived from a more shallow
aquifer not tapped by the inmer casing. More details of the well construction
are needed to fully evaluate thne situation, but in either case the evidence
suggests that a proper surface seal is not present and the well should not be
classified as deep at this time.

CONCLUSIONS AND RECOMMENDATIONS

Because of the variatility and lack of detailed information about the
geology of the area, the recharge area for Bobcat Spring is not orecisely
known, The source of water is most likely precipitation falling in higner
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elevations to the north. The presence of shallow bedrock in the recharge area
and probable bedrock source of water to the spring indicates that flow of
ground water will be through fractures. Based on present knowledge, a
reduction of the 1500-foot spring protection zone upslope is not recommended.
Laterally, however, the zone need not extend beyond the next adjacent spring
at a similar elevation and thus would not include the two existing homes to
the south.

Because of a lack of information, it is recommended that none of the wells
be classified as a deep well at this point. Wells 1 and 2 lack sufficient
data to evaluate the source of water and type of well constructiorn. Both
indicate that surface seals were provided, but their depth and the soil/rock
types in the upper 100 feet of each well are unknown. Judging from watesr
levels in the wells, it is possible that both may be deriving water from
artesian aquifers and may gqualify as deep wells, but at present tne necessary
information is lacking. Evaluation of the effect of pumping at well 1 on flcw
in Bobcat Spring may provide information on the aquifer system and well
construction. Well 3 1s under artesian pressure, demonstrating that the
aquifer is overlain by an impermeable bed. Tnis, in addition to the great
depth from which water 1s obtained, indicates that well 3 may pe classified as
a deep well if a proper surface seal is provided. At present, the existing
surface seal does not appear to be adeguate.
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Project: Requesting Agency: 11
Teasdale Watertank and spring evaluation Teasdale Special Services |
District
|
r
By: Date: ! County: Job No.:
H. Gill 8/2/85 Wavne WS-6
USGS Quadrangle:

Loa 1 SE (431) Loa 4 NE (390)

#85-027

In response to a request from Ernest H. Jackson, Chairman Teasdale Special
Service District, the Utah Geological and Mineral Survey made a geologic
inspection of the proposed site for a new 200,000 gallon culinary watar tark.
In addition, redevelopment plans for the spring supplying culinary water to
the City of Teasdale were evaluated.

WATER TANK INVESTIGATION
Purpose and Scope

Tne purpose of the investigation was to assess possiple geologic nazards
in the site area which could have an adverse affect on the water tank. The
scope of the investigation included a review of availaole geologic information
and logging of three test pits to 10 feet in depth. Mr. Gus Williams, Jores
and Demille Engineering, was present during the field inspection, performed on
June 27, 1985.

Location and Description

The water tank will be approximately one mile west of Teasdale, Utah in
the NWl/4, SE1/4, SELl/4, sec. 17, T. 29 S., R. 4 £., Salt Lake Baseline and
Meridian (attachments 1 & 2). Planned as a concrete structure 50 feet in
diameter, the water tank will be on a gentle slope with a dip of six degrees
to the north-northeast. Therefore, site grading will require an excavation of
10 to 12 feet on the south side of the tank. The site is disected oy several
shallow drainages (2 to 3 feet deep), one of which trends tnrougn the oroposed
wvater tank location. Vegetation is sparse, consisting primarily of junioer
trzes and sage brush with some grass and small pine trees.

Geology and Soils

There 1s a bDedrock cliff approximately 200 feet south and southeast of the
site. The lower 250 feet of the cliff is Navajo Sandstone with limestone and
sandstone of the Carmel Formation capping the upper 50 feet. An outcroo of
Navajo Sandstone dipping 27 degrees to the south was observed approximately
100 feet south of the site. Bedrock could be as shallow as 20 fest delow the
tank location.

Three test nits, =ach 10 feet deep, were excavated around the water tark
site (attachment 3). A loose to low~density sand was observed in all test
pits to their total depth. The verticle walls of the axcavations were
unstable, and in two of the test pits the walls collapsed. Neitner ground
water nor Dedrock were encountered in the excavations.

The northwest-southeast trending Teasdale fault is mapped approximatesly
1500 feet north of the site {(Smith and others, 1963; attachment 2). Latest
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movement on this fault is believed to have beesn between Late Creteaceous and
early Eocene time approximately 58 to 65 million years before present (B.P.)
(Smith and others, 1963). There is evidence of movement along the Thousand
Lake fault zone about 2 miles west of the site, following deposition of early
Wisconson terrace gravels approximately 10,000 to 55,000 years 8.P. {Smitn and
others, 1963). 1In the late 1880s, prior to instrumentation, a large
earthquake (epicenter unknown) shook the Teasdale area (Smith and others,
1963). An earthguake measuring 4.3 on tne Richter scale occurred in
September, 1963, in the Capital Reef area about 20 to 25 miles southeast of
the site (Arabasz and others, 1979). The most significant recent seismic
activity in the site vicinity was a swarm of earthguakes occurring from
December 1978 to December 1980 in Capitol Reef National Park, approximataly 50
miles southeast of Teasdale (Woodward-Clyde Consultants, 1982). Tne largest
earthquake recorded during that period registered 3.6 on the Richter scale
(Richins and others, 1981).

Large landslides (up to 3 miles long and a mile wide) occur in the site
vicinity. No landslides or rock falls were observed within a mile of the
proposed site.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are presented regarding che
oroposed water tank site.

1) The proposed site is in seismic zone 2 of the Uniform Building Code
(UBC) and the Utah Seismic Safety Advisory Council stats wide ssismic
zonation. Earthguake nazard near the site is considered to be
moderate. All construction should conform to specifications listed
in tne UBC for structures in seismic zone 2.

2) Compaction of the loose to low-gensity, poorly graded sand 2eneatn
the site could be difficult. It may bDe necessary to acd fires (silt
and clay) to thne scils to achelive the reguired compacticn,

3) Vertical cuts in the sandy soils on site will oe unstaple ang
constitute a nazard to workmen during construction. It is
recommended that construction cut slopes not exceed the angle of
repose for the material forming the slope unless shoring is used to
mailntain stability.

4) There was no evidence of landslide or rock=-fall hazard within a mile
of the water tank site.

SPRING EVALUATICN
Purpose and Scope

Tne purpose for the spring investigation was to evaluate redevelopment
nolans intanded to increase the flow aof water and aleviate past poliution
problems. Tre scope of the investigation included review of avaliable
Jeologic information, aerial photo interpretation, and a field recornaissance
on June 28, 1985. Mr. Tim Jones, Jones and Demille E£ngineering, w~as present
during the field reconnaissance. '
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Location and Description

The spring is approximately three miles southwest of Teasdale, Utah in the
SWl/4, SE1/4, NEl/4, sec. 31, T. 29 S., R. 4 E., Salt Lake Baseline and
Meridian (attachments 1 & 4). As presently developed the spring has three
concrete collection boxes (A, B, & C, attachment 5) built over seeps at or
near the base of a slope. The water is then transported by a four-inch PVC
pipe to a central collection box (D, attachment 5). Box D is open at the
bottom and is designed to intercept any water missed by the other three. The
water is then carried to Teasdale through several miles of four-inch cast iron
nipe. Topography in the vicinity of the spring is irregular due to numerous
ridges and boulders. A small drainage containing an intermittant stream
nasses just east of the spring. Vegetative cover is moderate, and includes
large pine trees to thick grass and wild rose bushes.

Geology

The collection system is at or near the base of a small ridge
(approximately 20 feet high) on a major landslide. The landslide is over
three miles long and one mile wide (attachment 4). The surface of the slide
is composed of irreqular transverse ridges, knobs, and small undrained
depressions. The general lack of stream disection, and filling of topograonic
depressions on the slide indicates that the landslide 1s relatively young.
Major movement of the landslide took place during or snortly aftzr Wisconsin
glaciation (10,000 to 55,000 years 3.P.) when precipitation was nhigh and the
ground saturated (Smith and others, 1963). Small failures were observed
within the body of the slide in the early 1950s (Smith and others, 1963).
Although some landslide movement still occurs, no rapid movement of large
portions of the slide has been recorded since the area was first settled
(Smith and others, 1963).

The Thousand Lake fault zone (latest movement 10,000 to 55,000 years 3.7.)
is aoproximately one mile west of the spring (attachment 4). In the 1880s an
earthquake (epicenter unknown) snook the Teasdale area and the water suoply
became salty, cloudy, and unpalatable {Smith and others, 1$63). However, at
that time Bullberry Creek was utilized as the culinary water supply and nct
the spring.

Redevelopment Plan

There are two problems with the present spring system wnicnh redevelopment
is designed to remedy. First, the present flow 1s inadequate for the growing
community of Teasdale and second, the spring is susceptable to periodic
coliform bacteria contamination (orral commun., Tim Jones, 1985}. The flow
from the spring remains approximatzsly 80 to 90 gallons per minute (gpm)
throughout the year, indicating that the recharge area for tne soring is not
localized, but includes at least the entire northwest flank of Boulder
Mountain. Redevelopment plans call for excavation of a trench along the top
of the slope to intercept water flowing to the spring area (attacnment S).

The trench will vary in depth from approximately 20 feet above oox A to eignt
feet above boxes B and C. During the investigation, a small amount cof lignt
grey clayey sand/sandy clay was sampled and described from ooxss 4 and 3. Mr.
Jones believes this material may represent an impermeable layer acting as an
aguitard that causes the water to surface at this location. The redevelooment
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trench would extend to this layer and subsequently intercept water flowing to
the spring. Mr. Jones feels the redevelopment will increase the flow to
approximately 150 gpm. However, given the jumbled nature of landslide
material, any pre-existing bedding within the slide mass is propacly in a
nighly disturbed state after the slope failure. Therefore, it is unlikely
that a laterally continuous bed exists within the slide mass in the spring
area.

The present system is susceptable to coliform bacteria contamination.
Because the recharge area is not localized, it 1s felt that contamination is
probably limited to the spring area. E&Examination of the collection poxes
indicates that contamination could originate at any or all of them. Leakage
around collection boxes A, 3, and C makes them a ready source of water for
both large and small animals. The grassy area around box D is probably a
grazing area for deer, however, it is fenced to keep out livestock. Surface
water from the drainmage just east of box C, as well as leakage from the otner
collection boxes, enters the culinary system through tne bottom of box D. If
tne redevelopment plan is adopted the trench would intercept the ground water
in the subsurface and do away with the need for collection doxes.

CONCLUSIONS AND RECOMMENDATIONS

The following are conclusions and recommendation regarding the Teasdals
spring redevelopment.

1) The Teasdale spring issues from a transverse ridge on a major
landslide. Localized movement on the slide could disrupt the spring
flow, however, no major movement has occurred sinmce the area was
settled.

2) Redevelopment of the Teasdale spring is designed to increase water
flow and protect the spring from contamination. Tne redevelopment
plan depends on the existance of a laterally continuous impermeabls
layer beneath the spring area. It is unlikely that an undisturbed
soil lens exists for any distance in the landslide mass. Zxploratory
test pits are recommended at the toe of the slope to verify the
existance of the impermeable horizon.

3) If the redevelopment plan is deemed infeasable and the trench is not
installed, it is reccmmended that the collection boxes be rebuilt to
protect the water from contamination. The bottom of collection tox D
should be sealed to keep surface water from entering the system at

this location. New ooxes would also decrease leakage and thereny
increase flow to the water system.

-9g-



Selected References

Anderson, L. W., and Miller, D. G., 1979, Quaternary fault map of Utanh: Long
Beach, California, Fugro Inc., scale 1:500,0CG.

Arabasz, W. J., Smith, R. B., and Richins, W. D., 1979, Earthquake studies in
Utah 1850 to 1978: University of Utah Seismograph Stations Department of
Geology and Geophysics University of Utah, p. 10.

Flint, R. F., and Denny, C. S., 1958, Quaternary geology of 3oulder Mountain
Aguarius Plateau, Utah: U. S, Geological Survey Bulletin 1061-D, 164 n.

Richins, W. D., and others, 1981, Earthquake data for tne Utah region July 1,
1978 to December 31, 1980: University of Utah Seismograpn Stations
Department of Geology and Geophysics University of Utah, o 28.

Richins, W. D., and others, 1984, Earthquake data for the Utan region January
1, 1981 to December 31, 1983: University of Utah Seismograph Stations
Department of Geology and Geophysics University of Utah, 111 p.

Smith, J. F. and others, 1963, Geology of the Capitol Reef area, Wayne and
Garfield Counties, Utah: U. S. Geological Survey Professional Paper 353,
102 o.

Woodward-Clyde Consultants, 1982, Geologic characterization report for tne
Paradox Basin study region, Utah study areas: Volume 1 regicnal
overview: ONWI-290, p 6-1 to 6-26.



Attachment 1, Job No. WS-6

Bluebeli
Knoll

1

AlsAquanus T

Rl Ranger . j
T~ Station

a ,/’“
e
S

E:-Q/T—e;:dé _e-'SpPFilng are

o e -
e AT (t‘f/(/ .

RSN

o —

AL

not to scale

General location map - Teasdale spring area and water tank site (from
Flint and Denny, 1958).

Utah Geological and Mineral Survey Site Investigation Section

-101-



Attachment 2, Job No. WS-©
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Attachment 3,

Test Pit 1
0.0' - 8.0
8.0' - 10.0'
Test Pit 2
0.0' ~ 6.0
6.0' - 10.0"
Test Pit 3
0.0' ~ 6.0
6.0' - 10.0'

*Soils classified

Job No.

WS-6

Test Pit Logs

Teasdale Water Tank Investigation*

Sand (SP); tan, low density,
nonindurated, moist to dry.

Sand (SP); light tan, locse,

nonindurated, dry.

Sand (SP); tan, low density,
nonindurated, moist to dry.

Sand (SP); light tan, loose,

nonindurated, dry.

Sand (SP); tan, low density,
nonindurated, moist to dry.

Sand (SP); light tan, loose,

nonindurated, dry.

nonplastic,

nonplastic,

nonplastic,

nonplastic,

nonplastic,

nonplastic,

poorly

poorly

Doorly

ocorly

poorly

poorly

graded,

graded,

graded,

graded,

graded,

graded,

in accordance with procedures outlimed in ASTM Standard

02489-69 (Revised 1975), Description of Soils (Visual Manual Procedure).
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Attachment 4, Job No. WS-©

Base map from USGS preliminary 7% minute topographic
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Project: Requesting Agency:
Review of report on pollution potential of Bureau of Public Water
springs at Ilangeni Estates Supnly

By: . Date: County: Job No.:
H. Gill 8/5/85 Utah Ws-7

USGS Quadrangle:

Lehi (1130)

#85-029 _

In response to a request from Michael Georgeson, Utah State Division of
Environmental Health, the Utah Geological and Mineral Survey (UGMS) has
reviewed a geologic report by James L. Baer, Ph.D., entitled "Geological
Analysis of Pollution of Springs for the Ilangeni Estates Development, North
of Alpine, Utah". It is our understanding that the project developers nave
requested that the 1500 foot protection zone required for culinary springs be
waved in favor of a reduced zone. The scope of the review included evaluation
of the report and pertinment geologic literature for the area, and analysis of
stereoscopic aerial photographs. The springs were not visited in the field.

Or. Baer concludes in his report, prepared for ARIX Engineering
(representing Ilangeni Estates), that based on the geology of the area a
reduction of the spring protection zone is justified. However, he makes no
recommendation regarding the size of the reduced zone. Or. Baer states that:
1) the springs are recharged by ground water moving through crystalline
bedrock located to the north and east, 2) the recharge areas are not in danger
of pollution because thay are either closed to development, or do not have a
source of culinary water that would make development feasable, and 3) there is
no present source of pollution within 1500 feet of the springs. We concur
that recharge to the study area origimates in highly fractured bedrock north
and east of the site, therefore, the spring water comes from deep bedrock
aquifers. However, we do not agree that the recharge area is safe from
contamination. It is unlikely that the Lone Peak Wilderness Area immediately
north of the springs will be developed, pbut Dr. Baer does not indicate in his
report whether the springs would be susceptible to contamination from local
pollution sources such as surface water from meadows and streams in the area.
The Moyle property is located immediately east of the study area. Regarding
this property Or. Baer states "there appears to be no ready source of culinary
water that could possibly be used for any development of this property. This
would then preclude any potential pollution source from this area." The lack
of a source of culinary water on the Moyle property is not a guarantee against
future development in that area. In fact, the Utah Department of Health is
presently considering at least ome mountain recreation subdivision in anotner
part of the state as a "water hauling" subdivision. It is felt that any
reduction in spring protection zones should be based on valid geologic
criteria and not on surmised development plans for property not controlled by
the party wishing to develop the spring.

Concerning sources of pollution in the immediate vicinity of the springs,
Dr. Baer's report is to general for the UGMS to make an informed decision as
to the pollution potential of the springs. Detailed information is lacking on
both the geology/hydrology of the springs and on the oroposed method of
development. Or. Baer states at the top of page 3 "the proposed method of
cagturing the water and transporting it to be used on the Ilangeni tstates by
ARIX Engineering is well conceived and adeguate', and "the area that surrounds
the springs that serves as the immediate drainage area does not pose any
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danger for pollution." However, no specific data was presented to support
those conclusions. Figure 3, 3a, and 4 in the report, an accompanying site
nlan by ARIX Engineering, and aerial photos of the arsa were examined. All
sources indicate that the springs are in or at least near a drainage channel
which could direct local sources of pollution toward the springs. The
following questions need to be answered pefore the effect of potential
pollution sources can be evaluated:

1) What are the exact locations of the springs in regard to the stream
channel?

2) Is the stream occupying the drainmage intermittant or persnnial and
what is the possibility of surface-water contamination of tne springs?

3) Are there other upslope streams in the vicinity of tne springs, and
if so, what is the potential for contamination occuring in those
areas reaching the springs via the streams?

Regarding proposed development of the srings, figures 1 and 2 indicate
that the springs surface in or have formed small meadows. The following
questions concerning spring development should be answered:

1) Are collection lines to be buried in the meadow, and if so will a
reduced protection zone be adequate to protect the meadow and
adjacent slooes from local pollution sources?

2)  Were the springs previously developed, and if so, will any of the
existing development oe used in the new system?

In conclusion, sufficient information is not presented in the recort for
the UGMS to make an evaluation regarding the advisability of reducing tne
normally required 1500 foct protection zone for these springs. 1t is felt
that the questions raised need to be addressed before an informed decision can
be made. The UGMS would be pleased to review any supplemental reports that
address those questions.
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Project: Requesting Agency:
Effect of SR-189 highway construction on Provo Utah Devartment of
City spring collection system, Provo Canyon Transvortation
By: . Date: County: Job No.:
G.E. Christenson 9/16/85 Utah WS-8
USGS Quadrangie:

Bridal Veil Falls (1087)

#85-030
PURPOSE AND SCOPE

At the request of Loren Rausher, Utah Department of Transportation (UDOT),
an investigation was made of the Provo City spring cocllection system near
Nunns in Provo Canyon (attachment 1). UDQOT is realigning U.S. Highway 189
through the canyon, and the new alignment crosses at least one of the city's
collection lines and several of their spring boxes. Both UDOT and Provo City
are concerned about what affect this will have on the water system and what
must be done to insure that flow and water guality are maintained at present
levels. The purpose of this investigation was to evaluate these effects and
list the options available to protect the water system. The scope of work
included a literature review, air photo amalysis, and field reconnaissance. I
was accompanied in the field on August 9, 1985, by Mr. Rausher, 30D Robison
(Utah County Geologist), and Joel Hall, Alan Meacham, and Jack Bytheway of the
Orem UDOT office.

PROVO CITY SPRING COLLECTION SYSTEM

The spring collection system is diagrammed in attachment 2. This map is a
reduction and simplification of 1:1200 scale UDOT maps. The following
description of the Provo City spring collection system is based on discussicns
with Burdell Black of the Provo City Water Department (oral commun., August
13, 1985). The system consists of a series of concrete spring boxes connected
oy closed=-joint clay (vitreous) pipe. Most of the system was emplaced over 50
years ago, but recent improvements have been made to spring ooxes. Most boxes
are located to collect water from a specific spring, cut several are present
only to access and clean lines. The spring boxes are generally 4-6 fest deep,
except those along present Highway 189 (line 7, attachment 2) which are 10-12
feet deep, and collect water through weep holes. In same cases, a gravel
blanket was emplaced below ground to collect water and direct it toward the
box. Joints in pipe obetween boxes are closed, sC no water is collected or
lost along lines connecting the boxes. No record is kept of the amount of
water collected at each box or from each line, and it is not known wnich parts
of the system provide the most water.

GEOLOGY

In the vicinity of Nunns and B8ridal Veil Falls, Provo Canyon is
steep-sided and incised into beds of the Pennsylvanian-age Oquirrh Formation.
Rocks exposed in the lower cliffs of the canyon belong to the 3ridal Veil
Limestone Member, consisting of dark-gray to black, tnick-bedded limestore
(Baker, 1972). Overlying the Bridal Veil Limestone Memoer in upper canyon
walls above the 6200-foot contour is an unnamed memoer consisting of gray to
tan sandstone with interbedded gray to olack limestone. Rocks in the canyon
are locally folded and faulted. However, in the drainage basin aoove the
spring, dips are varlable but gentle and beds are relatively undeformed.
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Northwest of the Provo River above the spring area, thick alluvial-fan and
depbris-flow deposits have accumulated at the mouths of canyons and bases of
slopes (Baker, 1972). These deposits probably interfinger ~ith flood-plain
deposits of the Provo River, but locally have been eroded by the river as it
shifted across its floodplain. Most of the Provo City springs discharge near
the break in slope between the eroded alluvial-fan and deris-flow deposits of
Lost Creek and terraces and the flood plain of the Provo River. The
alluvial-fan and debris-flow deposits of Lost Creek are very coarse-grained
and consist chiefly of angular gravel, cobbles, and boulders with variable
percentages of fine-grained matrix. The thickness of these deposits is
unknown but locally may be many tens of feet. Provo River terrace and flood-
plain deposits are likewise very coarse grained, but generally lack the high
percentages of boulders and cobbles and contain greater percentages of sand
and fines. All unconsolidated materials appear to be very porous and
permeable.

GROUND WATER

Little subsurface information with regard to ground water is availanle in
the area. DOischarge from the springs i1s greatest during spring snowmelt,
followed by a gradual decrease throughout the summer with some springs drying
up in late summer and fall (Burdell Black, oral commun., August 13, 1985). At
the time of the field inspection, most springs at the northern end of the
system (lines é and 7, attachment 2) were producing water, but many of tnose
in the central section (lines 4 and 5) were not flowing. The linmes at the
southern end (lines 1, 2, and 3) were not checked.

Springs discharge from unconsolidated deposits which are recnarged from
orecipitation and stream flow at the surface, particularly in the Lost Creex
drainage, and from subsurface flow of ground water from Dedrock aguifers. Tha
amount of contribution from each is not known. Movement of ground water along
bedding planes in the bedrock is indicated by the many springs and seeps that
occur at various elevations on canyon walls. The contribution from Lost Creek
is indicated by its reported disappearance during low flow as water is lost to
infiltration into its coarse-grainmed oed. Lost Creek is believed to be the
major source of recharge. The contribution from possible down-valley fliow of
ground water along the Provo River is unknown but considered to be small
because of the long distances the ground water would be required to flow under
a relatively low gradient to reach the area. Also, the location of the
springs with regard to the river indicate principal recharge from the
northwest and not the northeast or east.

Because of the extreme permeability of gravelly soils in the area, it is
pelieved that the water taple is relatively uniform and dips gently toward the
river throughout the area. An initial determination of the configuration of
the water table could be obtained by plotting and contouring elevations of
springs. Ground elevations at springs are shown on topographic maps, and the
only additional data needed would be the depth to water in those spring boxes
collecting water. Flow directions could then be determined, assuming a
sufficient number of springs are flowing to provide adequate data.
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POSSIBLE IMPACTS OF ROAD CONSTRUCTION ON SPRINGS

Because recharge is believed to pe from the northwest, and the new hignhway
over most of the area is downgradient to the southeast, it should have no
significant impact on most of the springs. The springs which will be directly
affected are those under or downgradient from the road. This includes one
spring at the end of line 1 and all springs along line 7 (attachment 2).

These springs could be affected in two ways: 1) flow may be reduced due to a
reduction in permeability of natural soils caused by compaction and vibration
during road construction and long-term compression from loading by fill, and
2) water quality may be reduced by infiltration of poor-quality water drained
from the road right-of- way. The latter problem can be mitigated througn
orcper drainage, but the former is more difficult to evaluate. Soil testing
to determine compressibility is not feasible in soils as coarse grained as
those in the area, although these types of soils are generally not
compressible. The greatest reduction in pore space may result from vibration
during construction. Either effect would presumably be greatest in surface
layers, becoming less significant in deeper soils below the water table.

OPTIONS FOR PROTECTION OF THE SPRINGS

Two principal options exist for protection of the Provo City water suoply
in this area: 1) make no changes to the system except to strengthen and
provide access to spring boxes and lines that are buried beneath the road and
fill, or 2) remove lines and boxes along the right-of-way and replace the
supply oy extending existing collection lines, adding new lines, and/or
deepening spring boxes and otherwise redeveloping existing springs. Reeds and
grasses which grow in areas of shallow ground water are present east of lirme
5, indicating that at least locally not all water is presently being collected
oy the existing system. Because only a small portion of the system is likely
to impacted, the contribution from these lines (particularly line 7) snhould be
determined prior to construction in order to: 1) evaluate impacts of recad
construction if no change in the system is made (option 1 above), and 2)
determine the amount of water to be replaced if modifications to the system
are made (option 2 above).

RECOMMENDATIONS

Given the nature of soil materials from which water 1s being derived, it
is not believed that emplacement of the fill will result in a reduction in
permeability that will significantly affect flow in the springs. If access to
springs and lines are provided, spring areas are not disturbed during
construction, and pipes are protected against collapse from pressurss
generated by embankment loading, it is believed that the present system can pe
maintained with no reduction in water supply. Water quality should also be
unchanged as long as proper surface drainage is provided. However, during
construction, water quality may be reduced and lines in the areas under
construction should be temporarily turned out of the system.

Although not considered orobable, it cannot be guaranteed that the supply
of water from lines within and east of the right-of-way will not be raduced oy
emplacement of the road fill. Should any such reduction occur, however, it is
likely that it would be compensated for by an increase in flow in springs to
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the west as ground water becomes "dammed" by the fill. Although probable,
this also cannot be guaranteed, and in order to insure that no net flow is
lost and to determine the most effective means of replacing any tnat is,
further study would be required. Imnitially, a contour map showing the
elevation of the water table should be constructed from existing data, i.e.
plotting of depths to water at springs, to determine flow directons.

Following this, several piezometers should be placed to obtain additional data
in critical areas into which lines may be extended as shown in attachment 2
and discussed below. Based on the present study, it appears that the most
effective means of increasing discharge west of the highway would probably oe
to extend line 6 further in a northwest direction. This should tap the same
supply that is presently being collected by line 7 east of the new alignment.
It is recommended that a pilezometer be installed east of the end of lime 5
(attachment 2) prior to extending the line to verify tnat ground-water
conditions are such that further development would indeed increase flow.
Because ground-surface elevations increase abruptly north of the present end
of line 6, it may be most practical to extend it by drilling horizontally into
the hillside rather than trenching from the surface. Another option to
supplement flow would be to place a line between lines 5 and &6 (attachment

2). Here again, it is advisable to determine ground-water conditions in the
area prior to making modifications in order to evaluate whether the additional
water would result in a net increase or simply cause a decrease in flow in
adjacent lines. In this case, a piezometer should pe placed between lines 5
and 6 (attachment 2) to compare water levels. Because the springs along line
5 were dry during the investigation but shallow ground water was apparently
present to the east, deepening of the collection boxes or redeveloment of
springs along line 5 as well as extending tne line may increase supply.
Whichever option 1s chosen, all plans must be sucmitted and approved by
appropriate Health Department authorities prior to construction.
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Attachment 1, Job No. WS-8

Base map from: USGS 7%' topo quad
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Attachment 2, Job Lio. WS-8

EXPLANATION
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Project: Requesting Agency:
Elder Hollow Spring Bureau of Public Water
Supplies
By: Date: Caunty: Job No.:
R.H. Klauk 9/16/85 i Summit WS-9
USGS Quadrangie:

Hoyt Peak (1209)

#85-031
PURPOSE AND SCOPE

This investigation was conducted at the reguest of Larry J. Mize of the
State Division of Environmental Health (Bureau of Public Water Supplies) for
Elder Hollow Spring located in the NWl/4, sec. 14, T. 2 S., R. 6 £., Salt Lake
Baseline and Meridian, Summit County, Utah (attachment 1). Elder Hollow
Spring has been removed from the City of Kamas' culinary water system bDecause
of nigh coliform bacteria counts. It is suspected that an unnamed spring
approximately 500 feet upslope from Elder Hollow Spring is the source of the
bacteria. The purpose of this study was to determine if a subsurface
connection exists which allows contaminated water from the unnamed spring to
mix with Elder Hollow Spring. For this report the unnamed spring will oe
referred to as Spring A.

The scope of work for this study included a literature review, air photo
analysis, and a field reconnaissance on August 5, 1985. In attendance during
the fileld reconnaissance were Alan Scates, Kamas City Council, Terry D.
Atkinson, Kamas Water Department, and Kimm M. Harty, Utah Geological and
Mineral Survey. No subsurface investigation was performed during this study.

GENERAL GEOLOGY

Elder Hollow Spring and Spring A are located in Elder Hollow at the west
end of the Uinta Mountains. Bedrock in the area consists of the Upper Member
of the Morgan Formation conformably overlain by the Weber Quartzite
(McDougald, 1953; Woodfill, 1972; and Hintze, 1980). Both formations dip to
the southwest, reflecting the west-plunging axis of the Uinta Arch anticline
which strikes through this area (Crittenden, 1976). The Upper Member of the
Morgan Formation consists of fine-grained sandstone, siltstone, and mudstone,
interbedded with cherty, marine limestone (McDougald, 1953). The Weber
Quartzite consists of quartzite and limey sandstone with some interbedded
limestone and dolomite (Woodfill, 1972). Woodfill (1972) has located a fault
striking through the axis of lower €lder Hollow which places Round Valley
Limestone to the southeast unconformably against Weber Quartzite to the
northwest. Woodfill (1972) describes Round Valley Limestone as consisting of
limestone, quartzite and sandy limestone. His map does not include the
springs area, ending approximately one half mile to the west. No other
geologic literature reviewed identified this fault.

Soils in Elder Hollow are thin and of colluvial or alluvial origin. Where
exposed, particle sizes range from boulders to clay.

SITE RECONNAISSANCE

Spring A issues from two circular depressions formed in colluvium at an
glevation of about 8200 feet. The depressions, located within 10 feet of each
other, are surrounded by dense foliage. No discharge was occurring at the
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time of the inmvestigation. Alan Scates (oral commun., August 5, 1985)
reported that water begins to flow from the depressions in early spring and
stops sometime between June 1 and 15. No bedrock was observed in the spring
vicinity, but geologic maps indicate Morgan Formation is present below the
colluvium. The area is used for grazing and cattle waste was present around
the spring.

Spring A appears to receive water from colluvium and shallow weathered
bedrock from higher elevations in Elder Hollow. The limited flow period
indicates a shallow recharge system of limited extent,

Elder Hollow Spring is down slope from Spring A at an elevation of
approximately 8100 feet. Alan Scates (oral commn., August 5, 1985) reports
flows of 100 gallons per minute (gpm) during late spring and early summer,
decreasing to 35 gpm at other times of the year. He also reports discharge is
from bedrock. Numerous boulders and cobbles of tan quartzite were scattered
around the spring area from excavation during spring development, however, no
bedrock was observed. A small area around the spring has been fencad.

It was not apparent during the site reconnaissance which bedrock formation
is supplying water to Elder Hollow Spring. All maps reviewed for this area
identify Morgan Formation at the spring site. Excavated boulders and cooples
at the site, however, appear to be Weber Quartzite which is the major source
of water to mines in the Park City area approximately 12 miles to tne west
(Baker, 1970). Furthermore, if the fault mapped by Woodfill (1972) were to
extend through the spring site, it could provide a conduit for deep
circulating water to reach the surface. Generally, continuously flowing
springs are indicative of deep circulation systems.

SOURCE OF COLIFORMS

Spring A is unprotected and may be contaminated oy the cattle waste
observed in the immediate area. Flcowing water from spring A moves cver the
ground surface downslope and mixes with Elder Hollow Snring. Mr. Scates *
reported that coliform counts for Elder Hollow Spring in the past were nign
during the period when Spring A was discharging. Spring A water nas never
been analyzed, however, and therefore no data exists to estaplish it as the
source of pollution.

CONCLUSIONS AND RECOMMENDATIONS

Spring A discharges from a shallow ground-water system composed of
weathered bedrock and colluvium., E£lder Hollow Spring discharges from bedrock,
the result of deep circulation. Each system appears to be independent of the
other with no subsurface hydrologic interconnection. However, to further
document the presence or apsence of a subsurface connection, it is recommended
Spring A be analyzed for common ions, certain trace elements, and coliform
pacteria. Furthermore, it is recommended Elder Hollow Spring be sampled for
similar constituants pefore, during, and after Spring A begins dischargirg.
Sampling Spring A will establish if it is a contaminated source and also
provide data for comparison of chemical constituents with Elder Hollow
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Soring. Sampling Elder Hollow Spring in the manner suggested will document

chemical changes caused by a hydrologic interconnection with Spring A should
one exist.

In any case, surface flow from Spring A which is likely contaminated by
bacteria from animal waste in the area should be diverted away from Elder
Hollow Spring. It is recommended the diversion be constructed prior to the
spring snowmelt and resumption of flow from Spring A.
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Attachment 1, Job No. WS-9

Base map from: U.S.G.S. 7&%'
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Project: Requesting Agency:
Richfield Spring Investigation Burean of Public Water
< unn 1 7
Date: County: Job No.:
H. Gill 9/12/85 Sevier Wws-10
USGS Quadrangle:

Richfield (599)

#85-032

At the Tequest of Mr. Ken Bousfield, Utah State Division of Environmental
Health, the Utah Geological and Mineral Survey (UGMS) investigated Richfield
Spring to determine if construction of Interstate 70, immediately west of the
spring site, would effect it's recharge area or discharge point. The spring
is on the west edge of Richfield, Utah and has provided culinary water to the
City for many years. The spring is on the faulted east flank of the Pavant
Range and issues from the slope approximately 200 feet east of the mountain
front (attachment 1). The spring has been developed by constructing a
concrete sump arocund the discharge point and installing pumps to lift the
water to a reservoir.

During the investigation a 1967 memorandum on Richfield Spring, written by
Mr. Andrew Kurie previously with the Utah Department of Transportation (UDOT),
was discovered (attachment 2). The report dealt with the exact subject under
investigation by UGMS, and answered many of the questions raised concerning
the spring and construction of I-70. In addition, the report included both
borehole and seismic refraction data, the aquisition of which were beyond the
scope of the UGMS investigation. The UGMS has reviewed the UDOT memorandum
and generally concurs with its findings. The following conclusions and
recommendations are taken from that report with additional comments and
recommendations by UGMS.

WATER SOURCE

1)  The source of the spring is primarily a deep artesian aquifer fed hy
water migrating eastward from the Pavant Range through an extensive
joint system. The water migrates upward along the Elsinore faul:t and
discharges at the spring. Evidence for this was obtained througn
borehole and seismic data. In addition, the water temperature is
higher than normal, 74 degrees Fahrenheit as compared to a normal
range of 44 to 57 degrees Fahrenheit, indicating the water nas
circulated to a considerable depth.

2) The existance of a shallow ground-water reservoir (in upper Flagstaff
Limestone or the lower Crazy Hollow Formation) was determined from
borehcle data. The shallow water table was measured in boresholes at
5386 feet above sea level, the same elevation as the spring discharge
point. Mr. Kurie states that the 5386 foot level remains static as
long as the city does not pump the spring in excess of 3.2 cubic feet
per second (cfs). He also states: "when the underground and pumg
house reservoirs are filled to the overflow crest, the City pumds can
be operated at top efficiency (1500 gallons per minute) for 72 hours
before the water level is lowered to about 5381.8 feet, then one pump
must be stopped tc allow recharging from the deep water sources.”

The shallow ground-water reservoir receives water from the Pavant
Range to the west as well as from infiltration of precipitation and
leakage from the Sevier Valley canal.
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EFFECT OF HIGHWAY CONSTRUCTION ON AQUIFERS
AND SPRING DISCHARGE POINT

1) Load tests on rock core samples indicate that the shallow reservoir
rock is easily capable of withstanding the weight of the proposed
highway embankment and any traffic loads placed on it. However, UDOT
recommends that impact loads imposed by constructicn eguipment,
embankment loads, and traffic on I-70, must be kept at a safe
distance from the spring discharge point (distance determined by UDOT
to be at least 200 feet west of the spring enclosure fence). This
will prevent changing the spring to a new point of outlet, or in any
way effecting the natural shallow underground reservoir.

2) According to UDOT "it is rnot conceivable that construction of
Interstate 70 could disturb the flow in the deep near vertical
ground-water channels. The UGMS concurs with this statement but
recommends that the safety distance for impact loads be strictly
followed.

3) It was also recommended by UDOT that a minimum disturcance cf tne
ground surface pe allowed in the spring vicinity. Tnerefore, a
minimum grade elevation of 5406 feet and no excavation within 15
vertical feet of the 5386 foot water level was reccmmended.

CONTAMINATION OF THE SHALLOW RESERVOIR

1) It was documented by Harold Hansen, Utah State Department of Healtn
District Sanitarian, that muddy water from the Sevier Valley Canal
has entered the shallow ground-water reservoir, temporarily
contaminating the-spring system. The Utan Department of
Transpocrtation states that as long as the city pumps are cperated
pelow 3.2 cfs the shallow reservoir is not tapped. However, tne
TepoTt is 18 years old and there is no guarantee that the peak flow
from the deep aguifer has remained constant. A review of water
guality test data indicates that nigh coliform bacteria counts were
recorded during August 1981, 1984, and 1985. This may cocrrespond
with pericds of increased pumping resulting in withdrawal of watsr
from the shallow aquifer. We recommend a review of pumping records
to see if high periods of pumping correspond with elevated coliform
bacteria counts. In any case we recommend lining the camal where it
borders the shallow aguifer.

In summary, the UGMS concurs with conclusions and recommendations
contained in the UDOT report. It is felt, based upon data presented in the
report and the results of cur own investigation, that there should pe no
adverse effect on =ither the shallow or deep aguifers due to constructicn of
I-70, as long as recommendaticns set forth in the UDOT memorandum are
implemented.
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Attachment 1, Job No. WS-10

Base map from USGS 15' topographic quadrangle, Richfield, Utah.
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Attachment 2, Job No. wWS-10

Design Recommendations Adjaceﬁt To
The Richfield Spring

Prepared By: Utah State Department of Highways

Utah Geological and Mineral Survey Site Investigation Section
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1-70~1(3)26 Design Recocceondations &djecent to the Richffcld § :ing\\?f

UMEC D CTIN

Tha study of the Richficld spring 1s prelim{nary to the constructicon of
Iaterstato 70, which will ko lccated west of Richfield Clty. Tho elovatica
of tha epring Ls 5256 ft., end 1t 19 locsted on tha feulted eapt flank of
tha Povant Nountaing Ln tho Ecvier River valley., Tke Richfleld spring has
8 dischargs of 3.2 cuble feet per secondl end constitutes a tajcr gcurce
cf culirary vater for tha grea, Tha cauge of the spring kas been inferred
£3 the result of subsurface ond gurface studics of tha ares, undertaken by
tha Utah State Depsrtmeat of Righways. The driilling, geophysical end
goolegie rtudies vhich have just bosa complated indicate that tha primary
sourcs of theo spring woter is hundreds of feet bslcy the surface cutlet.

The gizcadle spring flow ot the cutlel cumes frous 8 roglonal srtesian syatea.
No scasonal declino of cutflow has besn roported?, regsrdless of extcnded
dvy periods.

CEOLOGIC COINITINNG

Early pudblications dascriba the spring as emexging nesr the traca of
tha Elsinora feult, from fractured Egcens &ge limestona, This limestone ia
rost likely upper Flagstaff, The Plagstaff Limestone underlios tha Crazry
Bollow Formstica at this lscality eod cay in part bs the ege cquivalents of
tks Colton and Green River Formatiorns] howaever, for mapping purpcses, they
cannot be differontisted frca tha Flagataff litholegy.

Tha epring intako ercs is delloved to be in the Pavant Mountaina regi-a
atout 1-9 miles west of ths Elsincra fault vhere tha s;ricg hos {ta cutlety

fracturzd Flagataff Limastons badrock predeninstes {a the arca. 1ha elevsttoa

at the ictoke arca racges froa €000-10,600 £, above sea lcvel and precipl-
totion {0 normal years ranges {rom 13-30 inches. Precipttatica at thae
spring and in tha Sevisr River volley (s normally less than 15 tnches. 1ha2
Flagoteff Licecstono of the intake arca has a regional dip eastward t:iuard
the spring cutlet. 7Tha limestone probably forms a relatively continuous
reservolr fcr groundwater through which hydrestatic prescure is trans:itted,
thoreby cauaing srtesion conditicns to result st the spricg cutlet. Water
movezent {3 thought to be near vortical aloag tha vest side of tho fzult

YLetter from Richfteld City Hanager. Cuy Baker, to W.J. Stepheneon, dated
Jan. 3, 19¢6 (sfc.)
Pereonal Comounication frem Mr, Guy Daker to A, Rurie, 1967
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traca (cca Figs. 1 & 3), YLocaticn of the foult trace shovn on the Ivdex
Map, Figuro 1, L8 confirrzd by cur drilling (Test Bole 1, coo Fig. 2) ard
geophysical invastigations (Figs. 1 & 4), The sclemcgrach chovs that
bedrock 1{es et shallouwdpths on tho upthrovn side of tha fault, whils on
tha dowrthzovn side, there i3 8 doep cover of poorly consolidated material
cver tha todrock, :

Trs Elginero foult ects as cn underground dea aed conduit by frpounding
tha vater percolatirg through the decp aguifors and then conducting it from
the decp source to tha gurface., The spring uvater cnintalng a tesperatura of
74°P. et ita outlet., If a geothermal gradicnt of 1°P. per £0 ft. in the
Richfleld arca 18 assuradl; and {f no sllowance {8 eade for cooling, the
vater rices froa a dapth of 2000 ft. Althoush the fault, with its scsociated
minor fractures, ia the dwainant fector controlling tha lecaticn of tha spricg
outlet, tha place of zctual outlet rust be tha rosult of many favorsble
conditions by vhich free flcv {8 zmaintainzd, Coe of thesa factors s tha
cyctca of open rock joints and frocturing which gserve to conduct the water,
Thesa fissurcs are evident in the cores cof Flagstaff Limcstono teken {a
Test Poles 2 acd 3 (gea Icdex Map, Fig. 1). Another factor is the original
spring outlot elevation which is at tho lowest elevation found along the
garface traco of tha fgult within the map area (Fig. 1).

SHALLOW CROUNIMATER RESERVOIR

A shallou groundeataor roservoir vhich cemmunicates vith the Richficld
spring 13 evideut {n tho srca wvest of tha Blsinore fault. Ths groundwater
leval elevation waas found to ba at 5356 ft. in Test Boles 2 and 3 (Fig. 1).
Further evidence of the resorvoir hes been indicated by threo sops vhich
were dug bolow the 5386 ft, level, sse Index Map, Pig. 1: first, the present
Richfield city su=p at the originsl spring cutlet; second, the former Richfield
city suw=p 250+ ft. southwvest of the prosent cutlet; and third, a privataly
developed former sump 325+ ft, north of tha present outlet. Tha area
dalineated batwesn the test holes and sucps containfog the 5386 ft. grounde
vater level indicates & 2.5+ ecra grounduatar reserveir. The sctual reservoir
is probably about 7 acres in ares as showm by evidenco discussed below.

An {nfereance of the actual siza of tha shallcyu rescrvoir 1s mzdo from
tha follcuing report by Richéleld City ¥anszer Cuy Baker2, It has been
obaerved that tha 5336 fr. groundvater level 1a stetic ercept for poricds
vhien tha Richfileld city pumpa operata in excess of 3.2 cfs (1400t gsllons
per winute), For example, when the undergrcund and pump house reservoirs
ara filled to tha overflow crest, tha city pumps can be operated at top
efficlency (1600% gpz) for 72+ hours beforas ths water lsovel ia lovered to
about 5381.8 ft., thon one purp must be stopped to allow recharging frem tha
daep vater sources.c 1f the effective resorvoir porosity is aseumed to ba 102,
s minimm 7 acro near-surface regservolr is {adicated.

lporsonal Comminication froa Dr, Rsy 2, Margell to A Kurle, 1567
2forgonal Commmunication to A, Kurie, 1967
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Ancther evidonca of the shallcy reserveir is tha foct that sevcral years
apo, drodging operations {o tha Scvier Volley canal, which 1lias 130 ft. vest
of tha spring outlet, opaned vartical channals from the bottom of ths caral
{nto tho ghalloy reservoir, According to zn eyo-vitnese, Utab State Departe
ment of Rzalth District Sonltarian, Parold Fanseal, tha spring water vas
scea "ot about arm's length” threugh the oponing in the cansl floor, end
ruddy conal veter flevred {cto and temporarily contartinated the opring systea.

All availabla evidencae of thae shallew limastone recervolr rock indicstes
the effcctive porosity tronsnitting wvater to tha spring outlet {8 a cystem
of natural vock frocturcs and joints. Cores of the limestons in Tcst Holes
2 and 3 exhibit considerabla opon fracturing| however, no sizeadble caverncua
voids or cxtensive honeycombd structure were found efther {n the cores er {n
a thorough surfoca lovestigation of cutcropping Flagstaff Lircstona surround-
ing the city evnmp and I-70 elignnent., Do sioiholae inlets were found in the
prodablo equifer fatska area {in tha Povant Mountains; however, open vertical
frecturing 49 cooronplace. The effoctive porosity for inteke as vall zs
tracgaission van most likoly bo attributed to frectures. FPurthermore, the
pregscnce of & rolatively widespread stotle esbsurface water level, with its
elevation controlled by the cverfleuw crest ot the clty pummp house (c.f.

Toat Boles 2 & 3, and the thros gumns, Fig. 1), indicates a coufined systen
of undergroucd porevsaity and permeaability, rather than a system of cavae-like
wuter conduits of the psture of ea uanderground "river!.

The possibla existence of water flow throuzh sizeadle gubterrangen
channals or cgva-lika coedults was lnvestizated by treans of a scrics of
gacphyaical tests. 7Tho purpose of thoso tests wes to detect any gound
vibzratious which might dbeo produced by turbuleat flow of vater in lerge
openinga. Results of these tests werw negative 8s no umdcrground scund sourcs
was located, other than the cutflowing epring iteclf.

RECGOUTINATIONS

Thera are scvoral characteristics of the Richfiold City epring which
st ba safeguarded during and aftar construction of Iatergtate 70; they
ares

(1} The artesian flcw rate (3.2 cfs)d

{2) 1ha ocutlet location

(3) The intesrity of the shallcw urdergreund reacrvolr
(4) 7Tha quality of ths water,

Two rock cores from tha regervoir were tested for theirx ability to with-
stand locd and they falled at 665 and £64.4 tons por gQuare foot {a ucconiined
compreasion tests. Thesa tests {ndicate that tha limestone reservoir is
capable of withatanding more thea the weight ef higbway esbankment {111, pave-
oent and traffic loads whith will be placed above it; therefore, it s not
conceivable that coustruction of Intarstata 70 could disturb the flcy {a the
deep near voreical ground water chananels, However, tho fmpact lcads {rmposed
by construction equipment, embankment locds and traffle on I-70 rmst ba kept

lporgcnal Commicication to A, Kurie, 1967

o confirm @ regional artesian system with a miolwum flow rete fluctuation
: {conticuad)
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at a gafo distance froa the cutlet suzp area to prevent chaegleg tho spricg
ta a4 ncw polnt of cutlat, or {n any way aftec:lng the wetural ghallow -
vedarprowyd reservolr,

To safeguard the Richticld gpring, tha 1-70 aligrment should ba located
west of the City spring works enclecura fouce with at least a 200 fe.
c2disg from tha nearecat voadiray ghoulder to the eaclosuxrs fameca (Fig, 1),
Turthorzoro, 8 nioloun 4icturbavca to tha astural ground gurface must be
carzurved duzdng ceratructicn across the shalles vndergreuad recervolr, To
holy assura thia, a ainifrus grede elovatioca of 5408 ft. 1a recommended end
to excavation ghould Lo dont mearer thaa 1S £t. adsva the 5386 ft. water
levol across tho areca of thy shallow underground resarvolr along the 1470
centerling from a polnt 400E ft. acuth to a polat 500+ ft. north of the
center af the City spring works encloaurs. The place"cnt of {111 required
withi{n the critical area ehculd b4 controlled so as to produco minlem dis-
turdacce to thoe natursl ground surfece,

A¥uvis/zv

¢ce: W. J. Stephznson
H. BR. Chzistaosan
Foundations
Goolezie BRecona,
Central F{le
¥ile

8 prograo of spring flew gsuging should bo usdertaken, ty arrsagzmont batwesa
the Stete Ecgincer's office and the Eydrolopgy 3ranch of tha V.5, Grolegleal
Survey. For tha eatiofaction of oll concerned parties, this messuracnt
should contirue from ths preseat tise, untdl the constructed Interstate has
beea in service for a pericd of tive, If no sdwversa flow charecteristics
are noted during this time, a year of moasuzerments after 1-70 traffic beglas
should be adequsto to confirm the psfety of ths.apriig systea.
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Project: Requesting Agency:
Review of Construction and background documents Attorney General's Office
for the Vitro tailing remedial action project.
By: Date: County: Job No.:
W.R. Lund 12/23/85 Salt Lake SwW-1
USGS Quadrangle:
#85-039
INTRODUCTION

1.

In response to a reguest from Leland D. Ford, Assistant Attorney General,
31 review was made of the following documents:

"Vitro Uranium Mill Tailings Remedial Action Project, (VUMTRAP) Project

Manual®™ (VPM),

"UMTRAP Uranium Mill Tailings Remedial Action Project Construction
Drawings, Salt Lake City, Utanh" (RACD),

"Remedial Action Plan and Site Conceptual Design for Stabilization of the
Inactive Uranium Mill Tailings Site at Salt Lake City, Utah: Appendix B
of the Cooperative Agreement No. DE-FC04-81AL16309" (RAP), and

"Final Environmental Impact Statement:

Remedial Actions at the Former

Vitro Chemical Company Site, South Salt Lake, Salt Lake County, Utah"

(VFEIS).

The purpose of the review was to determine if those documents provided
sufficient information on soil and ground-water conditions ts allow
contractors to accurately bid the Vitro uranium mill tailings remedial action

project.

The remedial action involves excavating the tailings and

contaminated soils at the Vitro site in South Salt Lake City and transporting
them to a dispcsal facility near Clive in Tocele County. The tailings will be
placed in a clay-lined excavation, compacted, and covered with several feet of

ncn-contaminated material.

The ARGEE Corporation was the successful bidder

for the remedial action ($37,000,000 plus), but has submitted a claim for

changed conditions totaling more than an $6,000,000.

The funds are requested

for additional costs incurred in handling, transporting, and compacting the
Vitro tailings and excavating and compacting the clay soils at the Clive

site.

ARGEE contends that the increased costs resulted from greater than

expected moisture content in both the Vitro tailings and Clive clays.

The VPM and RACD were official bid documents for the Vitro remedial
project, and the RAP was brought to the attention of contractors as a source
of additional information at the project pre-bid conference. The VFEIS is a
public document available for inspection at libraries throughout the state.
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REVIEW COMMENTS

The following comments concerning scil and ground-water conditions at the
Vitro and Clive sites are based on a review of the above referenced
documents. Neither site was visited and no independent field testing or
investigations were performed. Where appropriate, the statements below are
supported by reference to one or more of the documents.

The VPM does not present specific information on scil or ground-water
conditions at either the Vitro or Clive sites. 1t does state that
ground-water problems are expected at Vitro (p. V-13, par. 3) and indicates
that the tailings and contaminated soils may be wet (p. V-13, par. 5). The
compaction requirement for the tailings is specified (p. V-15, par. 2) as 90
percent of dry density determined by standard Proctor method (ASTM D698). The
Proctor method establishes the range of moisture content over which the
tailings can be most effectively compacted (optimum moisture). The method
implies that if the tailings are not within the optimum moisture range, either
drying or wetting would be required to achieve the desired mcisture content.

The RACD construction drawings include lcgs of test holes drilled at the
Vitro site (sheet 4). The logs show soil types, natural ground surface wnere
huried by tailings, depth to ground water, and moisture content of scil
samples both above and below the water taple. Ground water is shown extanding
into the tailings in several of the test hcles. Tailings and scil pelow the
ground-water table are saturated. In situ soil moisture ranged from 8.6 to
79.9 percent with the average for all samples being 34.6 percent. The average
for tailings only was 35.2 percent. RACD sheet 5 is a tabulaticn of Vitro
tailings soil tests. One parameter reported is optimum moisture content as
determined by standard Proctor method (ASTM Dé98). The range of cptimum
moisture varies from 1l.4 to 30.5 percent. The average for all samples was
16.0 percent. Comparison of sheets 4 and 5 shows a considerable portion of
the soil and tailings tested at the Vitro site are above optimum moisture, and
in fact, average more than twice optimum. The material aoocve optimum would
require drying (beyond initial dewatering for excavation) prior to cecmpaction
to meet the specified moisture content. The RACD drawings do nct contain
information on the Clive site.

The RAP contains a chapter on site characterization (chapter 3), and
Appendix B (Calculation Summaries and Design Drawings) includes sections on
Material Properties, Site Drainage, Waste-Water Treatment (Dewatering), and
Geohydrolcgy/Water Balance. Review of that information provides a summary of
scil and ground-water conditions at both the Vitro and Clive sites. 1In
addition, references are made in the document to other reports (Processing
Site Characterization Report, Dispcsal Site Characterization Report, Final
Environmental Impact Statement) that contain supplementary detailed
information on site conditions. The agency and address where the reports can
be obtainmed are included in the RAP (p. 3, par. 4).

Information in the RAP regarding scil and ground-water conditions at the
Vitro site includes: the average moisture content of taiiings and
centaminated scil (p. 14, par. 5); the range of moisturs content for octh sand
and slime tailings, their degree of in situ saturation, and their range cf
optimum moisture content (p. B-12, table 2.1); the need to dry tailings oelow
in situ moisture levels for excavation and transport, and the possible need
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for additional spreading, digging, and mixing to achieve optimum moisture for
compaction (p. 8-10, par 2); and the necessity of excavating pelow the water
table to remove contaminated soil (B-51, par 3). The RAP also specifies that
tailings be blended to eliminate slime pockets and the material pe placed at
90 percent of standard Proctor method (ASTM Dé98) at minus O to 3 percent
below optimum moisture content (p. B-67, par. 6). That requirement, combined
with the information in Table 2.1 (in situ soil moisture S to 79 percent,
degree of saturation 29 to 100 percent, and optimum moisture 12.4 to 27.0
percent) indicates that much of the material removed from Vitrc would reguire
drying to achieve optimum moisture prior to compaction.

Moisture content information is presented in the RAP for the upper 7 toc S
feet of soil at the Clive site (p. B-12, Table 2.3). The data are used to
characterize the radon barrier cover material which consists ¢of site scil
removed from the disposal excavation and stockpiled for later use (p. 8-3,
par. 6). Both the scil feor the radon parrier and the in-place material
compacted tc form the impermeable limer in the disposal excavaticn come from
the same stratigraphic horizon (p. B-8, Table 2.4). Therefore, the moisturs
data in Table 2.3 are representative of all the Clive soils invclved in the
remedial action. In situ soil moisture ranges from 23 to 45 percent and
optimum moisture values are between 25,2 and 28.0 percent., Indicating soils
at Clive are generally at or abcve optimum moisture and would require scme
conditioning to achieve the required molsture level.

The VFEIS includes a chapter on the affected envircmment at Vitro and
Clive (chapter 4) and appendicies (A and D) contain design and nydrclogic
information of significance to both sites. The document indicates that ground
water at the Vitro site is at or near the ground surface and sxtends into the
tailings (p. 11, par. 5; p. D-31, par. 3). Dewatering would be required to
facilitate handling of the tailings and contaminated soil {p. A-35, par. 1).
The water table at the South Clive site is reported to oe 25 to 35 feet celcw
the ground surface (p. D-91, par. 3). U.S. Soil Conservation Service data
indicates that Clive scils generally lack moisture for plant growth, but are
pericdically saturated at some subhorizon within 1 meter of the surface (p.
86, par. 3). That observation is confirmed in Table 4-2 {(p. 87) which shows
the degree of saturation of soils at Soutin Clive. Percent saturaticn ranges
from 37.2 to 97.5 indicating a wide range of moisture content. Altnougn
specific soil moisture data i1s not presented for the Vitrc site, tne impresscn
left by the VFEIS is one of high ground water and wet soil conditions. Moist
to wet soils are documented at Clive (p. 87, Table 4-2), but secticn 4.3 on
Climate (p. 60) portrays the site as a desert location receiving low
orecipitation and minimal runcff and infiltration. No mention is made of
above normal precipitation and ponding of water that occurred in the West
Desert during the two years preceding the disposal project.

CONCLUSIONS

Considered as a whole, the four documents examined for this review provide
sufficient information on soil and ground-water conditions at the Vitro and
Clive sites to alert contractors to the possipility of wet conditons.
Appreciably more information is available for Vitroc than for Clive, and
careful reading compined with some interpretation is required to identify the
Clive data (radon barrier cover material vs. site soils). However, octh the
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RAP and VFEIS reference other reports that contain detailed site information
and give the address of the agency from which they may be obtained.

8y specifying standard Proctor method (ASTM D698) it is clear that the
owner (State of Utah) intended that the tailings and contaminated soils de
olaced and compacted at their optimum moisture content. It is unusual for any
earthwork project to have soils that are naturally at optimum moisture, and
wetting or drying of the material to reach the desired moisture content is
common practice. The ARGEE Corporation appears to have confused dewatering to
lower the water table for excavaticn purposes, with conditioning soils
(reducing the water content) to obtain optimum moisture for cocmpacticn. An
experienced contractor should have been aware that dewatered material (ie.
material coming from below the water table) would have a moisture content
above optimum and require further drying.

When only the VPM and RACD (the official bid documents given to the
contractors) are considered, adeguate information is still availaole to
identify wet conditions at the Vitro site. However, neither document contains
data on the Clive site and might be considered deficient in that regard. Tre
VPM does indicate that soil investigations were conducted at octh sites for
design ourposes (p. I-20, par. 3 and 4) but specific references are nct
provided.
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Project: Requesting Agency:
North Davis Refuse District disposal site study Davis County Health Dent.
Date: County: Job No.:
H. Gill 5/29/85 Davis SW=2
USGS Quadrangle:

Kaysville (1320)

85-016

In response to a request from Mr. Louis K. Cooper, Davis County Health
Department, the Utah Geclogical and Minmeral Survey (UGMS) performed an
engineering geclogic evaluation of the North Davis Refuse District landfill
(NDRD). The purpose of the evaluation was to identify well lccaticns from
which water samples can be cbtaired to monitor pcssible ground-water
ccntamination by the landfill. The sccpe of work for the study included
review of a waste management study for the NORD prepared by EMCON Asscciates
of San Jose, California; evaluaticn of available published and unpublisned
repcrts, maps, and well logs pertinment to the study area; and a field
reconnaissance on April 11, 1985. Orilling of test borings was beycnd the
scope of this investigaticon, therefcore, the report by EMCON Associates was
relied on as the primary scurce cf seil and ground-water infcrmatiocn.

SITE LOCATION AND DESCRIPTION

The NDRD has been in operation since the late 1950s, and is about 2 miles
east of Hill Air Force Base (attachment 1). It encompasses approximately 170
acres, but only 25 to 30 acres in the ncorthwest cormer of the property are
being used for the landfill. The remainder of the site is relatively
undisturbed and consists of an irregular surface of low relief underlain by
wind-blown sand. The landfill is cn top of a steep bluff formed by down-
cutting of the Weber River. The bluff forms the northern site bcundary, wnile
fields and vineyards border the property on the remaining three sides. The
climate is moist-subhumid with an average annual precipitaticn of abcut 20
inches (U.S. Soil Ccnservaticn Service, 1968).

GEOLOGY AND SQOILS

The prcperty is on the Weber River delta which extends fan-like from the
mouth of Weber Canyon. The delta was depcsited in Lake Bonneville during the
Pleistocene Epoch and consists of fine to ccarse sand with lesser amcunts cf
gravel, silt, and silty clay (Feth and cthers, 1966). The delta deposits are
greater than 800 feet thick at some locaticns and cover an area ¢f abcut 140
square miles (EMCON Associates, 1982). The Wasatch fault is approximately cne
mile east of the site at the base of the Wasatch Range. There are no cther
faults mapped in the site vicinity. The nearest bedrock cutcrcps are alsc
located at the mountain front and consist of folded and faulted Paleczcic
rocck. Small slcpe failures have occurred east and west of the site alcng the
bluff that borders the prcoperty. No evidence of slcpe failure was observed cn
cr near the site.

EMCON Asscciates drilled 7 explcratory berings from 40 to 130 feet deep cn

the nroperty. The suosurface sediments were found tc be predominantly fine-
to medium~-grained sand and silty sand, with mincr interceds cf silt and clay.
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An exception occurs alcng the west side of the site where a hcrizen of silty
clay and sandy silt about 30 feet thick was enccuntered at shallow depths.
Fxcavations tc obtain ccver material for the landfill revealed that the
horizon pinches cut before reaching the north site boundary and thins
significantly to the scuth and east (EMCON Associates, 1982).

HYDROLOGY

The site is within the Weber Delta grcund-water district as defined by
Feth and others (1966). Ground water beneath the site is kncwn to cccur in
local bedies of perched water and in a deep confined (artesian) aquifer. It
is probable that a deep unconfinmed (water table) aguifer is also present apcve
the confining bed for the artesian aguifer, but direct evidence for its
existence is lacking. The main sources of recharge to grcund water are
subsurface flow from the Wasatch Range, seepage from streams, rivers, and
irrigaticn canals, and infiltraticn of precipitaticn (Feth and cthers, 1966).

Two regicnal artesian aguifers occur over mcst of the Weber Delta
ground-water district (Feth and others, 1966). The Sunset aguifer has been
encountered in wells as shallcw as 200 feet, but in mcst places 1s between 250
and 400 feet pelow the grcund surface. The Delta aguifer has been identified
at depths of 500 to 700 feet. A contcur map cf the teop of the Sunset aquifer
indicates that it is nct present oeneath the site (Feth and cthers, 1966).

Its absence is substantiated by an cn-site water well that has a static water
level of 418 feet and draws water from an interval between 526 and 544 feet.
The depth tc the water-bearing horizon ccrrespends to that expected fcr the
Delta aquifer, and no menticn is made in the log of artesian ccnditicns in the
interval between 250 and 400 feet, where the Sunset aquifer shculd occur. Tne
major source of recharge tc the deep artesian aquifer is believed tc be undar
flew from bedrock aguifers in the Wasatch Range. To a lesser extent,
infiltraticn of water from the Weber River near the mcuntain front where
confining beds are absent alsc provides scme recharge (Feth and other, 1966).

Although shallow (10 feet or less) unconfined aguifers are ncted elsewnere
in the Weber Delta ground-water district (Feth and others, 1966), availacle
data indicate that a continucus shallcw aquifer is not present peneath the
NDRD site. Ground water was encountered in four of the seven borings (1, 3,
4, and 5; attachment 2) drilled by EMCON Asscciates. Depth tc water ranged
from 16 to 59 feet and in all cases was perched cn discontinucus lenses cf
silt or silty clay. The EMCON report states that the primary scurce cf
recharge to the perched water horizens is infiltration of precipitaticn ard
irrigation water from vineyards to the scuth. It alsc concludes that the
perched water migrates tc the northwest. However, ground-water flcow in that
directicn would pe moving both up dip and away from the Great Salt Lake. rFetn
and others (1966) state that ground-water flow in the Weber Oelta district is
toc the west, from recharge areas in the Wasatch Range toward the Great Salt
Lake. It seems likely that the water in the perched aquifers is alsc mcoving
tc the west.

In addition to the near surface perched aguifers, the existence cf a geec
unconfined aquifer is suspected. Site soils consist cf relatively clean,
permeable sands through which water can percclate rapidly. In tne study area,
it can be expected that water which is not intercepted by shallcw,
discontinuous lenses of silt and clay to form percned grcund water will

-147-



migrate downward to the confining bed over the Delta aguifer. A saturated
zone would form there, the thickness of which would depend on tne flow rate in
the aquifer and on the amount of recharge received. Recharge may alsc ccme
from upward leakage from the artesian aguifer. The seven EMCON Asscciates
wells were tco shallow to encounter a deep unconfined water table and the lcg
for the water well on site is of poor quality and provides little informaticn
on subsurface geclogic and hydrolegic ccnditions.

POTENTIAL FOR GROUND-WATER CONTAMINATION

The NDRD landfill has been in operation for approximately 30 years, and
cver that pericd has accepted a wide variety of waste. In additicn to refuse
generated by surrounding municipalities, the Davis County Health Department
has been informed by Hill Air Force Base that steel drums containing wastes
from the pase have alsoc been placed in the landfill. Tne contents cof tne
drums are unkncwn, but are believed to include both organic and incrganic
chemicals.

Water moving through a landfill can produce leachate that may leave the
site in one of two ways, either as seepage at the ground surface cr by
downward percclation. Depending cn scil and leachate characteristics,
leachate moving thrcugh the subsurface may be rengvatad by icn exchange,
absorption, filtraticn, and bicdegradaticn. Once the leachate reaches a dcdy
of water (either surface or ground water), dilution and dispersicn alsc peccme
facters in renovation. However, ground-water flow 1s usually laminar and
limits the rcle of dilution and dispersicn in the subsurface,

The soil at the NDRD is primarily clean sand with local lenses cf silt ard
clay. The sand is permeable and would permit rapid movement cof leachate.
Clean sands are chemically inert and rely on filtraticn to remove
contaminants. Filtration has little or nc effect on chemical contaminants
which nave been shown to move as far as 1200 feet in sand and gravel witn
little or no attenuaticn (Brunner and Keller, 1972). The pctential for
leachate reaching the perched aquifers bemeath the NDRD is ccnsidered nign, as
is the possibility c¢f contaminating any deep unconfined aquifer that may oe
nresent. .

CONCLUSIONS AND RECOMMENDATIONS

Ground-water conditicns at the NDRD landfill are complex. A system cf
multiple perched aquifers exists, the extent and number c¢f wnhich are unkncwn.
An artesian aquifer used for culinary purposes is present and is tapped oy at
least one well fcr which little infeormation is available concerning
water-bearing horizons encountered cor its methcd cof constructicn. A desp
uncenfined aguifer may exist on top of the confining bed for the artesian
aquifer, Bcth the perched ground-water horizens and the deep uncconfined
aguifer (if present) may be subject tc contaminaticn from leacnate percclating
downward frcm the landfill. The artesian aquifer may alsc be subject to
cocntamination if the well is imprcperly constructed and permits water frcm
upper saturated horizons to move downward alcong the cutside cf the well
casing. In addition, high rates cf pumping in the future may reverse the
octentiometric head in the vicinity of the well allowing ccntamirmants tc reacn
the artesian aquifer.
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Based on the grcund-water infcrmation presently available, the UGMS cannct
recommend menitcring well locaticns with ccnfidence that all areas/aguifers
subject to contamination would be adequately identified and mcnitcred. Before
an adequate ground-water monitoring system can be designed, the following
information must be cbtalned:

1. The number and extent of perched aguifers beneath the landfill, the
direction of ground-water flow in these aguifers, and their pctential for
carrying ccntaminants of f site.

2. Confirmation of the presence cr absence cf a deep unccnfined aquifer
beneath the landfill, and if present, its characteristics and the locaticn
cf its recharge and discharge areas.

3. The characteristics cof the confining bed for the Delta artesian aquifer,
and an evaluaticn of its ability to protect the aquifer from contaminaticn.

4, Details of construction for the existing water well on site, and an
evaluaticn of its pctential as a pathway for ccntaminants toc the artesian
aquifer.

To obtain the above informaticn, an exploratory drilling program is
reccmmended tc further investigate the subsurface geclogy and hydrcleogy at the
NDRD site. The drilling should extend dewn to and thrcugh the confining bed
for the Delta artesian aquifer. Soil samples should be collected for
laboratory testing (gradation and permeability) and all water-pearing ncrizcns
shculd be identified and sampled as drilling proceeds. East-west and
north~south cress sections should be prepared for the site showing
stratigraphic relaticnships, perched ground-water hcrizens, the deep
unconfined aquifer if present, and the cenfining bed for the artesian
aguifer. Observation wells can then be lccated tc determine the directicn cf
flow 1n each water-bearing herizen, Once flow directions are determined, cne
cr mere of the cbservation wells in each horizon can be cenverted tc
monitoring wells for sampling purposes. Depending cn the directicn cf
ground-water flow and the configuration cf the water-bearing norizcns, it may
be necessary tc lccate scme of the cbservaticn and monitoring wells cutside
the site boundaries. Tc prevent contaminaticn, borings nct used in the
monitoring program shcould be plugged and abandoned in an apprcopriate manner.
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Attachment 2, Job No. SW-2

. South Weber %

35

Depth to
Borehole water(feet)

Total depth of
boring (feet)

1 59 70
2 >52 52
3 40 S0
4 16 100
5 31 41
6 >51 51
7 >63 63

water

supply 418 544

well

Source: EMCON Associates, 1982.

Borehole locations and ground water depths.
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LIQUID WASTE DISPOSAL



Project: Requesting Agency:
Clay Basin Disposal Pit, Duchesne County Duchesne County Planning
Dept.
By: . Date: County: Job No.:
R.H. Klauk 2/27/85 Duchesne LWw-1
USGS Quadrangle:

Neola NW, Utah (1117)

85-003

This report presents the results of a geclogic review of a site fcr an cil
field dispcsal pit located in the NE1/4, sec. 16, T. 1 S., R. 3 W. Uinta Base
Line and Meridian, Duchesne County, Utah (attachment 1). The sccpe of work
consisted of the following:

1. Evaluation of a geclogical report prepared for the site titled
"Geological Site Report for Clay Basin Disposal Pit" by Jerry R,
Riding and Scns, consultants;

2. a review of permeability data from American Testing Laboratcries;
3, a review of geologic and hydrologic literature pertinent tc the site;

4, discussions with Loren E£. Morton, geolcgist with the Utah Division cf
Environmental Health, Bureau of Water Pclluticn Control; and

5. a reconnaissance of the site on February 11, 1985.

The following concerns were identified as a result of the site
reconnaissance:

1. Cobbles were noted in the embankment material indicating that the
"cconglomerate layer" referred to in the report, may nave been
incorporated into the embankment. How these cobbles affect
permeability needs tc be determined.

2. The location and effect of the undisturbed porticn cf this permeable
"conglomerate layer" on the clay liner needs to be determined.

3, Topsoil and vegetation may alsc have been included in the
embankments. Deterioraticn of the crganic material could cause
leakage.

4, The east embankment has been constructed around a wccden power pcle;
poor compaction around this pole could provide a conduit for leakage.

5. The east embankment of the ponds is immediately adjacent to Water
Hollow., Failure of what appears to be an unengineerad dam adjacent
to the site could cauise undercutting and eventual embankment failure.

A geologic report should provide all the informaticn necessary to evaluate
the geclogic acceptability of a site for the intended purpcse. The report
prepared by Jerry R, Riding and Scns is limited in scope and poorly written,
and does not provide the data needed tc fully assess the site. The fcllowing
additional information should have been included in the report for tnis site:

-154-




1. A site location map; this map should include the exact bcundaries of
the site as well as other features or structures referenced in the
text.

2. Geological maps of the site and site vicinity; these maps should be at
minimum scales of 1:2,400 and 1:62,500, respectively.

3, A discussion of site seismicity; late Quatermary (pctentially active)
faults have beem mapped within 11 miles of the site (Hansen, 1969).
Seismicity should be evaluated relative to the pctential for and
magnitude of earthguakes and their pcssible effect at the site.

4. Soil stratigraphy to a depth of at least 30 feet; descripticns should
conform tc the Uniform Scil Classificaticm System (attachment 2) witn
representative samples c¢f the different soils labcratcry tested.

5. Exact locaticns of borings or test pits; shculd be shown cn the site
location map.

6. FEast-west and north-scuth soil profiles thrcough the center lines cf
the pits; to identify potential travel paths fcr leakage througn the
unsaturated scils beneath the ponds.

7. Source and physical characteristics of materials used in the clay
liner.

8. A potentiometric surface map to determine the regicnal dirasction of
ground-water flow in the shallowest aguifer system.

9. Monitoring information: location, depth, and methcds of constructisn
of all monitcring wells.

10. A list of references.

Reports of this type shcould be prepared by a person with at least cne
degree in geolcgy and experience in engineering geclcgy or a closely related
speciality. There are indications this report may not nave been prepared oy a
geologist.

REFERENCES CITED

Hansen, W.R., 1969, The geologic story cf the Uinta Mcuntains: U. S.
Geclogical Survey Bulletin 1291, 144 p.
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UNIFIED SOIL CLASSIFICATION SYSTEM

L Grou | . . .
Major divisions P Typical names ‘ Loborctary ciassification critnrio
symbols i
T
' |
= [e3%Y Weil-grzced gras +'s. gravel-sand : 2 ? E | o .
N . I 1 - Fg = i £ = — crecter thgn &, { = between 1 cad 3
— = < mixtares, little or no fires g27 s8¢ i D. ?
> R g2 %¢c 33 |
T ) Z ' 9372323
53 2 = -2=zs %I ]
g~ - © PN F2 o3
£F 12 P 28liie |
o Z -z { e w2 S o=
o T = oP P 1 i aravel | S = =33
- = : = =) corly grcaed gravels, gravel- | A~z ;—_ A i s for G/
_ g2 EN sond mixtures, liitle or no fines Cos o223 3
T ER= =3 A =) b
T =5 | b T23z252
z Zoz2 i i A2 723
= R ! n T =T -
- A3 i ¢ = :
= 0 = —_ e =< 2
2 s - > & PR o d
3 ZZ 2 9 Siity grave!s, grovel-send.silt mix- ! T oz 1 Atterburg Nimits betcw TAT
= P z oz tures : T T2 ] dne or Pl less thar 4 R
= 23 o 2 3 | b - i I Abgve "A” lice w:aA P11 Le-
= 2 -~ = z |
2 Pl = " | 232 ' iwee~ 4 and 7 are Lesde-
- <3 HERESE i = . i
3 Q s o = i = A t itne cnses regquirin use ©
R S S i 32 due! ze
ESY = i e Cis . . . , ! a Z . cuc! symzols
z oz | : g GC Syey craovels, grave!-sond-cley i 22 Atterbury limits cbove A
SR i s < mixtures . g T Ine with FlLogrezt .
-3 L | 3
B , ' :
2z i i z
i } | - S Viell-graded sands, grovelly sonas, | - | s}
= Z [ = B iMma A D = octweop~ ' ogrd 2
e = = 2 littie or ro fines L F0C T 0 QL B N Setwees & ognd J
ERC > s ¢ 2% E Yo o .
N - -
S Iz s . . i B Q A &
o L FF 23 | Sow 2%
< ¢ [t ) A Vo ]
3 (- z |- SP Poorly graded scnds, grovelly . ¢ 3 2 . p , cu
| = = [ H 2 I i Nc! meeting ol gredatizr reguirements for SV
X Iz oz [ sands, hittle or no fines {2 v, ;
3 ; :Zc—m | | [ ;
o g i @
& =3 [ e i
= T ad T I 2. !
N R . s
- <z . T b2 2, | " RPN
o [ 3T oo sm Silty sands, sand-siit mixtures .oa@ s . Atterburg fimils below ‘A !
< S 2 I s :
3 a ~ \ tne ar P less than 4 . .
s = 0o ? a Y [ o | timits plistting in hotched
2.3 o ; ’ = 3 ; ‘ rone with P | hetweer 4 cni!
N = 3 = i ! - ] - .
23 LI s = T o= : i L 7 cre tarderhre zoses re-
3 Px = { i3 aQ : . :
— [ - - = H ¢ quirntng use ¢f duct svympols.
- ] 3 3 IS . i N .
. = E Atterburg limity ctove A .
.2 2 sC Clayay sands, sand-clay mixtures | z ! . ) Jp‘ : . han 7
{ 3 | o | ure with Pi. greater thar 7
' = 1 (
! ! |

' Inorgemic sils crd very fine sonds,
rock flour, sty o- clayey fine sands,
60

!
AL f !
: ar clayey silts wan shignt plastizity l ; " T - /
! i

N prabiyy

i i

@ ¢ i | i . ;

3 : ; i . ] { i .
— _ : i \
z = c tnorgenic clays of low to medium 1 i f i ' !
Q a o L plasticity, grevelly cicys, sondy 50 jL i ‘
a - | H i
- Z = clays, sty clays, lean cays } ! : 1 ‘ i i :
= F g I ; , - i
E e ; : ©CH )
> ST : : ! ! I w i
z 3 ! 10 1 : : | i . !
= =1 oL Organic 3ilts ard organic sity days | ) ‘ | -
2 | of iow piashcity . ;‘ . ) ] i ‘
2 H
o
g

h-ouny

frorzaric sil's, micaceous or diaro-
MH mozecus fire sardy ar sty sails,

closte sty

[V S

=

3

<.

a

= v 20 .

3 = | | i .
H z 2 : . . . i ! :
3 ‘E} 3 CH inorgcric clays of high plasticity, far i i CL .

ES X h '
z e ciays ! | \ ‘ X
3 7z I e : .
~ = % ! i ! ’
< = i . !
= 3 i L=l ? il sre CL '
< w» i . : . : i § : B '
2 S “ OH Crgariz tloys of medium to digh ! L. i ! '
il s . . - N ~ 2z i M
- } Ty, DrCanT 'S j v
! > He) Il 30 %) ¢ e 2 o~ 1oy
. M i 23 30 42 z P 3 e e

Pagt =z cther r ghly argonic st

semozehbe gy oty




NASTEWATER DISPOSAL



Project: Requesting Agency:
Evaluation of geologic conditions with regard Southwestern Utah District

to suitabilitv for individual wastewater disvosal Health Debt.
systems at Winchester Hills Phase II subdivision.

By: Date: County: Job No.:
W.R. Lund 3/22/85 Washington Wii-1

USGS Quadrangle:
5t. George 15; St. George NW 7%' (79)

85-006

This report presents the results of a study by the Utah Geolcgical and
Mineral Survey (UGMS) of Winchester Hills Phase II, a subdivision in
Washington County. The investigation was requested by the Southwestern Utah
District Health Department (SWUDHD) to evaluate site scil and geoleogic
conditions with respect to suitability for individual wastewater disposal
systems utilizing septic tanks and soil abscrption fields. The sucdivision is
approximately 7 miles northwest cf St. George, and cconsists of 209 lots on 250
acres in sections 22 and 23 T. 42 S., R. 15 W., SLB&M (attachment 1). Phase I
of the Winchester Hills develcpment was evaluated by the UGMS in 1980 (Lund,
1980). The investigation reported here included a review cof the phase I
informaticn; analysis of geolcgic, hydrologic, and soil data for the area; a
fi=ld reconnaissance on March 5 and 6, 1985; and logging of 41 test pits. Mr,
Steven Labrum, SWUDHD sanitarian, was present during the field investigaticn.

Setting

Winchester Hills Phase II is lcocated on Big Sand flat, a structural sench
between Snow Canyon on the west and Lava Ridge on the east. Surface drainage
is tc the south, with numerous small ephemeral streams creating a series cf
low north-south ridges that give the surface of the bench a rclling
appearance. Four such ridges and three intervening dry washes cross the
subdivisicn. The difference in elevaticn between the ridge tops and adjacent
stream channels is as much as 45 feet at the east end of the property, but is
generally less than 30 feet elsewhere. Vegetation on site is sparse to
moderate and consists of sand sage, creosotebush, blackbrush, cactus, and a
few juniper. Average annual precipitation is less than 12 inches per year.

Geology

Big Sand flat is underlain py the Navajo Sandstcne of Jurassic age. It
consists of fine- to medium-grained, rounded, quartz sand cemented by ircn
oxide and lime. In Washington County, the Navajo Sandstone is between 1,800
and 2,200 feet thick (Cook; 1960). Large scale crossbedding is the principal
structural feature of the formaticn and well-develcped throughgcing joints are
cocmmon in many areas. The sandstone is exposed in the walls cf Snow Canycn
and on Lava Ridge, but only cne small outcrop was observed cn site.

Quatermary and Tertiary basalt flows and cinder cones are ccmmon in the
vicinity of the subdivision. Lava Ridge is capped by a basalt flow that
cascaded gver the ridge and either crossed or came very near the subdivisicn.
Basalt dcoes not crop out on the property but may be present at depth, even
thought it was nct encountsred in the test pits.

The suodivision is covered oy a layer of fine-grained, well rounded,
eclian (wind-blown), quartz sand derived from the Navajo Sandstcne (attachment
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2). The thickness of the sand horizon is variaple, reflecting ercsicn alcng
streams and irregularities in the underlying bedrock surface. Several test
pits encountered ccarse-grained sandy gravel and gravelly sand at depth.

These materials were almost always found in the test pits excavated on the lcw
ridges crossing the site. The well rounded gravel, cobbles, and bculders in
these horizons indicate that they were deposited in former stream channels.

In each case, the coarse-grained units are associated with strongly develcped
stage III or IV caliche. It appears that the coarse-grained hcrizeons and the
caliche developed in them serve to protect the ridges from erosion and thereby
influence present day drainage patterns. Caliche was cbserved in a number of
cther test pits across the site (attachment-2), but seldom exhibited the
strongly indurated, nearly impenetrable, layered stage IV structure seen in
the ccarse-grained horizons. Fine particles of clay and silt carried downward
by percolating scil water have been trapped abcve the impermeable, plugged
caliche zones forming thin (usually 2 feet or less) clayey sand ncrizcns.
Alluvium deposited along ephemeral streams crossing the site consists of
vclcanic gravel, cobbles, and boulders in a matrix of fime quartz sand
(attachment 2, test pit 39).

Faults and folds are absent in the vicinity (Z-mile radius) cof the
subdivision (Cook, 1960). The Navajc Sandstcne dips at a low angle (less than
10 degrees) to the north-northwest. Accurate determination of tne dip angle
was difficult due to strong crossbedding in tne formation. Jointing is
nresent out nct well developed in sandstcne cutcrcps near tne site. A closely
spaced set cof throughgoing, ncrtheast-scuthwest joints was observed in
ocutcrcops about a mile north of the subdivisicn slong State Highway 18.
Prominent joint sets are also present in Snow Canycn a mile west of tne site.

There is nc evidence to suggest that shallow ground water is present
deneath the site. Water was not enccuntered in any of the test pits excavated
for phases I or II cof the subdivision. DOrillers logs on file with the Utan
Division of Water Rights indicate that the regicnal water taole is
approximately 700 feet below the ground surface in the study area. The deptn
to water corresponds clcsely with the difference in elevaticn between the
subdivisicn and Snow Spring near the mouth cf Snow Canyon. Sncw Spring
discharges from the Navajo Sandstone wnich is a major aquifer in scuthwestern
Utah, supplying culinary water to St. George and other communities (Cordcva,
Sandberg, and McCcnkie, 1972).

Suitability for Individual Wastewater Disposal Systems

Geologic factors affecting the performance of individual wastewatar
disposal systems include: 1) scil permeability, 2) slcpe, 3) depth to ground
water, 4) depth to bedrock or other impermeable horizon, and 5) susceptability
tc geclcgic hazards. Site conditions with respect to scil permeability,
slope, and depth to ground water meet State Health Department regulations for
individual wastewater dispcsal systems. Shallcow bedrock was 2ncountered in
two test pits (28 and 35) at depths tetween 5 and 6 fest and may be present in
other areas. The widespread cccurrance cf caliche (stage III anc 1V)
throughout the subdivision has created a number cf plugged, impermeaple scil
orofiles (attachment 2). These plugged zcnes must be considered in the design
cf scil absorption fields. Where the caliche is thin encugh, it may oe
oossible tc inmstall abscrption fields either abcve or below the plugged zone
and still comply with regulaticns governing separaticn from impermeable
horizons. If disposal systems are placed below caliche horizons it will e
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necessary tc conduct percoclation tests to confirm that the deeper scils are
adequately permeable. In several test pits, the caliche plugged zcnes were sc
thick that a conventicnal scil absorpticn field could nct be installed. These
thick caliche prcfiles are particularly prevelent at the west end of the
subdivisicn (test pits 36, 38, 40). Shallcw bedrock was alsc enccunterad in
one test pit (35) in that area.

The principal geclogic hazard which may affect wastewater dispcsal systems
in the subidivision is periocdic flocding along the ephemeral streams that
cross the property. All three stream channels show evidence of seasonal flow,
and systems installed in them should expect tc be flocded. This is of
particular concern, because at least one test pit (39) was excavated in the
bottom of a wash indicating that the developer may be cconsidering placing
systems in those areas.

Conclusions and Reccmmendatiocns

Althcugh geclogic conditions are often less than optimum, mcst of
Winchester Hills Phase II meets current Utah Department of Health regulaticns
for installaticn of individual wastewater dispcsal systems. Local cccurrances
of shallow bedrock and soil profiles plugged by caliche must de ccnsidered
when siting and designing individual wastewater disposal systems. It is
poossible in many cases that limitaticns imposed by shallcow bedrock cor caliche
can pe overcome by using either shallow or deep placement systems. Unsuitable
sites would occur where depth to bedrcck is less than about 5 feet and where
caliche plugged profiles (stage III or IV) are tcc thick tc allcw installaticn
of conventional abscrption fields. B8ased on the test pits, these conditicns
apcear to be cocmmon at the west end cf the subdivisicn, and lcts there may not
nave sufficient suitable area for conventicnal wastewater dispcsal systems.
Additicnal percclation tests shcould be run for any deep dispcsal system to
insure that the deep soils are adequately permeable.

An additicnal concern is that disposal systems may be installed alcng cr
in the ephemeral stream channels that cross the site. These areas are sutject
to periocdic flooding and systems placed there wculd be susceptible to damage.
Ponding of water over abscrption fields can te a particular prcolem witn the
fine-grained sand soils typical at this site. As the water percolates intc
the ground it carries along silt and very fime sand wnich enters and plugs
absorpticn field distribution lines. The layer of straw ccmmonly placed aver
the gravel pack surrounding the distribution lines is not adequate tc control
the movement of sand and silt. A woven fabric filter material is recommended
for that purpose.
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Attachment 2, Job No. Ww-1

TEST PIT LOGS*
ANinchester Hills Phase II Subdivisicn
Washington County, Utah

Test Pit 1

0.0 - 3.1 Sand/silty sand (SP/SM); red brown, lcw density,
ncn-plastic, nonindurated, dry; pocorly graded,
fine-grained, rcunded, quartz sand.

3.1' - 6.5 Caliche (stage IV); wnite, strongly indurated,
scil profile plugged.

6.5' - 9. 7" Sand (SP); light trown, low density, ncnplastic,
slightly indurated, dry; stringers and ncdulss
of caliche (stage I1I).

Test Pit 2

0.0 - 8.2' Sand (SP); red brown, lcw tc medium dense,
nonplastic, slightly indurated, ary; pcocrly
graded, fine-grained, rcunded, quartz sand.

8.2' - 9.1 Clayey sand (SC); dark red brown, medium dense,
lcw plasticity, slightly indurated, dry; 20
percent fines.

Test Pit 3

0.0 -~ 3.3 Sand (SP); red, lcw density, nonplastic,
nonindurated, dry; pocrly graded, fine-grained,
rounded, guartz sand.

3.3" - 4.,1" Clayey sand/sandy clay (SC/CL); dark red, medium
dense, medium plasticity, sligntly indurated,
mocist; 50 percent fines.

4,1' - 6.1' Caliche (state IV); white, strcngly indurated,
soil profile plugged.

6,1' - 7.9 Sand (SP); white to light orcwn, medium dense,
nonplastic, mcderate to strongly indurated, dry:
stage III caliche.

7.9' - 10,2 Sand (SP); lignt tan, medium dense, ncnolastic,
moderately indurated, dry; stage II caliche.

Test Pit 4

0.0 - 4.1" Sand with silt (SP); red ocrcwn, medium Zense,
nonplastic, slightly indurated, dry.

Note: Test pit either caved extensively or was not excavated the

recommended 10 feet.
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Test Pit 5

0.0 - 8.5
Test Pit 6
0.0 - 7.0
Test Pit 7
0.0 - 4,9
4,9' -~ 5,2

Note: Test pit walls had
Tast Pit 8
0.0. - 2.4
2.4 -~ 3.6'
3.,6" -« 5,2'
5.2" - 9.3
Tast Pit 9
0.0. - 0.7'
Q.7' - 3.2¢
3.2' - 5.0
5.0" - 9.9

Sand (SP); brown tc yellow brown, medium dense,
nonplastic, nonindurated, dry; pccrly graded,
fine- to medium-grained, rounded, quartz sand.

Sand with silt (SP); red brown, medium dense,
nonplastic, nonindurated, dry; pcocrly graded,
fine-grained, rounded, guartz sand.

Sand (SP); red brown, medium dense, ncnplastic,
nonindurated, dry; pccrly graded, fine-grained,
rounded, guartz sand.

Sand (SP); white, medium dense to dense,
nonplastic, mcderately indurated, dry; stage 12
caliche.

caved.

Silty sand/sand (SM/SP); red, mediun dense,
slightly plastic, slightly indurated, dry; 15
percent fines.

Clayey sand (SC); dark red, medium dense, low tC
mcderate plasticity, weakly inmdurated, dry.

Caliche (stage 1V); white, strongly indurated,
scil profile plugged.

Silty sand (SM); white to light orcwn, medium
dense, slighty plastic, mcderately indurated,
dry; stage III caliche.

Silty sand (SM); red brcwn, low density,
nonplastic, nonindurated, dry; pocrly graded,
fine-grained, rounded, quartz sand.

Caliche (stage IV); white, strongly indurated,
soil prcfile plugged.

Sandy gravel (GP); red brown, medium dense,
ncnplastic, weak to mcderately indurated, dry;
stage II caliche, gravel to 3/4-inch diameter.

Sand/silty sand (SP/SM); red orown, medium
dense, nonplastic, weak tc mcerately indurated,
dry; stage II caliche, gravel to 2-inch diameter.
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Test Pit 10

0.0 - 1.4
l.4'" - 5,1'
5.1' - 6.0!
6.0' - 7. 7"
7.7" - 10.2'

Test Pit 11

0.0 - 5,0
5.0' = 9.1
Test Pit 12
0.0 - 7.5
7.5" - 10.5'
Test Pit 13
0.0 - 4.5
4,5' - 10.5!

Test Pit 14

0.0 - 7,6’

7.6'

- 8.9'

Silty sand (SM); red brown, low density,
ncnplastic, non- to weakly indurated, dry;
poorly graded, finme-grained, rounded, guartz
sand.

Caliche (stage 1V); white, strongly indurated,
scil profile plugged; coboles to 6-inch diameter.

Sandy gravel (GP); red brown, medium dense,
ncnplastic, moderately indurated, dry.

Sand (SP); red brown, medium dense, ncnplastic,
moderately indurated, dry; stage II caliche.

Silty, sandy, gravel with ccbbles (GM); wnite,
medium dense to dense, nconplastic, mcderately tc
strongly indurated, dry; stage III caliche.

Sand (SP); red brown, low density, ncnplastic,
ncnindurated, dry; poorly graded, fine-grained,
rounded, quartz sand.

Caliche (stage IV); white, strongly indurated,
soil profile plugged.

Sand (SP); brown, lccse to low density,
nonplastic, nonindurated, dry,; pccrly graded,
fine-grained, rounded, gquartz sand.

Caliche (stage IV); white, strocngly indurated,
scil profile plugged.

Sand (SP); light brown, low density, nonplastic,
nonindurated, dry; pocrly graded, fine-grained,
rounded, quartz sand.

Ccbbley, sandy gravel (GP); brown, medium dense,
nonplastic, nconindurated, dry; boulders to
1-foct diameter,

Sand (SP); orcwn, low density, ncnmplastic,
nonindurated, dry; poorly graded, fine-graired,
rounded, gquartz sand.

Sandy gravel with cobbles (GP); brown, medium
dense, nonplastic, weakly indurated, dry; stage
I caliche.
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8.9' - 10.0!
Test Pit 15
0.0 - 8.5
8.5' - 5.0
Test Pit 16
0.0 - 10.1!
10.1' - 10.6"
Test Pit 17
0.0 - 6.7

Note: Test pit walls had

Test Pit 18

0.0 - 1.0

1.0" - 5.0

5.0' - 7.0

7.0' - 10.0¢
Test Pit 19

0.0 - 9.2¢

Sand (SP), light brown, low to medium density,
nocnplastic, nonindurated, dry; pocrly graded,
fine-grained, rcunded, quartz sand.

Sand (SP); red brown, low density, ncnplastic,
nonindurated, dry; pocrly graded, fine-grained,
rocunded, guartz sand.

Clayey sand with ccbbles (SC); red brown, medium
dense, low plasticity, weakly indurated, dry;
volcanic ccbbles tc 4-inch diameter,

Sand (SP); light brown, low to medium density,
nonplastic, noninudrated, dry; pcocrly graded,
fine-grained, rcounded, quartz sand.

Sandy gravel (GP); brown, medium dense,
nocnplastic, ncnindurated, dry; gravel tc 2-incn
diameter.

Sand (SP); brown, low density, nomplastic,
ncnindurated, dry; poorly graded, finme-grained,
rounded, quartz sand.

caved.

Silty sand (SM); brown, low density, ncnplastic,
nonindurated, dry; 20 percent fines.

Caliche (stage 1V); white, strcngly indurateg,
scil profile plugged.

Cobbley, sandy, gravel with bculders (GP);
white, dense, nonplastic, strongly indurated,
dry; boulders to 2-feet in diameter.

Sand (SP); light brown to white, medium dense,
rocnplastic, moderately indurated, dry; stage II
caliche.

Sand {SP); brown, low density, ncrplastic, non-
tc weakly indurated, dry; pcorly graded,
fine-grained, rocunded, guartz sard.



Test Pit 20

0.0 - 7.2'

Note: Test pit walls had

Test Pit 21

0.0 - 5.7

5.7' - 6.9

6.9 '- 9.9

9.9'" - 10.57

Test Pit 22

0.0 - 1.1
1.1" - 4,2
4,2 - 8.3
8.3" - 10.2!
Test Pit 23
0.0 - 5.1"
5,1'" - 6.3
6.3' = 8,0

Sand (SP); lignt brown, low density, ncnplastic,
nonindurated, dry; pccrly graded, fine-grained,
rounded, guartz sand.

caved.

Sand (SP), red brown, low tc medium density,
nonplastic, nonindurated, dry; pcorly graded,
fine-grained, rounded, guartz sand.

Clayey sand (SC); dark red prown, medium dense,
low to medium plasticity, weakly indurated, dry;
20 percent fines.

Silty sand/clayey sand (SM/SC); red brown to
white, medium dense, low plasticity, mcderately
indurated, dry; stage II caliche.

Sandy gravel (GP); wnite, medium gense,
nocnplastic, mcderately induratesd, dry; stage II
tc I1I caliche.

Silty sand with clay (SM); red brown, medium
dense, non- to slightly plastic, nonindurated,
dry; 25 percent fines.

Caliche (stage 1V); white, strongly indurated,
scil profile nlugged.

Sand (SP); white, medium dense, nonplastic,
moderately indurated, dry; stage III caliche.

Sand (SP); light brown, low to medium density,
nonplastic, weakly indurated, dry; stage II
caliche.

Sand (SP); brown, low density, ncnplastic,
nonindurated, dry; poorly graded, fine-graired,
rcunded, guartz sand.

Clayey sand (SC); red brown, medium dense, low
tc medium plasticity, weakly indurated, dry; 25
percent fines.

Caliche (stage IV); wnite, strongly indurated,
scil profile plugged.
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8.0' - 9.4
Test Pit 24
0.0 - 6.5'

Note: Test pit walls had

Test Pit 25

0.0 - 6.9

Note: Test pit walls had

Test Pit 26

0.0 - 7.4

Note: Test pit walls had

Test Pit 27

0.0 - 3.1'

3.1 - 4.0

4,9' - 8.5'

8.5' - 10.8'
Test Pit 28

0.0 - 3.6'

3.6 - 5.7

Sandy gravel (GP); brown, medium dense,
nonplastic, moderately indurated, dry; stage III
caliche.

Sand (SP); brown, low density, ncrplastic,
nonindurated, dry; porrly graded, fine-grained,
rounded, guartz sand.

caved.

Sand (SP); red brown, lcw density, ncnplasitc,
nonindurated, dry; poorly graded, fine-grained,
rounded, gquartz sand.

caved.

Sand (SP); red brocwn, lcw tc medium density,
nonplastic, nonindurated, dry; pcorly graded,
fine-grained, rounded, gquartz sand.

caved.

Sand (SP); red brown, low density, ncnplastic,
nonindurated, dry; poorly graded, fine-grained,
rounded, guartz sand.

Clayey sand (SC); dark red brown, medium dense
to dense, low plasticity, weak tc mcocderately
indurated, dry; stage II caliche.

Sand (SP); red brown to white, medium dense to
dense, non- to slightly plastic, mcderately to
strongly indurated, dry; stage II caliche.

Sand (SP); white, medium dense, non- tc sligntly
plastic, strongly indurated, dry; stage III
caliche, soil profile plugged.

Sand (SP); red brown, medium dense, ncnolastic,
nocnindurated, dry; pcorly graded, fine-grained,
rounded, guartz sand.

Clayey sand (SC); dark red, medium dense, low

olasticity, weakly indurated, dry; 13 percent
fines.
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5.7" - 7.3 Sandstcne; red brcwn, mcderately weathered
bedrock.

Test Pit 29
0.0 - 6.4 Sand (SP); tan tc yellow brown, low density,
nonplastic, nonindurated, dry; pccrly graded,

fine-grained, rcunded, quartz sand.

Note: Test pit wells had caved.

Test Pit 30
0.0 - 4.8' Sand (SP); red brown, low density, nonmplastic,
nonindurated, dry; pocrly graded, fine-grained,
rounded, guartz sand.
4,8' - 8.8' Caliche (stage 1IV); white, strongly indurated,

soill profile plugged.
Test Pit 31
0.0 - 9.5' Sand (SP); brown, low density, ncnplastic,
nonindurated, dry; occrly graded, fime-grained,
rounded, quartz sand.

Test Pit 32

0.0 - 8.9¢ Sand (SP); red brown, low density, nonplastic,
nocnindurated, dry; pcorly graded, fine-grained,
rounded, quartz sand.

Note: Test pit walls had caved.
Test Pit 33

0.0 - 4.4 Sand (SP); red brown, low density, nonplastic,
nonindurated, dry; poorly graded, fine-grained,
rounded, guartz sand.

4.4' - 10,6 Sand (SP); white tc red brown, low tc medium
density, nonplastic, weakly tc moderately
indurated, dry; stage 1I caliche.

Test Pit 34

0.0 - 6.0 Sand (SP); brcwn, low density, nonplastic,

nonindurated, dry; poorly graded, finme-grained

rounded, gquartz sard.

Note: Test pit walls had caved.



Test pit 35

0.0 - 1.2
1.2 - 2.6
2.6' - 3.6'
3.6' = 4,7'
4,7'" - 5.6
5.6'" = 7.57
Teast Pit 36
0.0 - 1.8
1.8'" - 3.9
3.,9' - 10,8
Test Pit 37
0.0 - 5,5

Note: Test pit walls had

Test Pit 38

0.0 - 2,6

2.8

5.1

- 5.1

- 11.0

Sand (SP); brown, low density, nconplastic,
nonindurated, dry; thin gravel stringers.

Sandy gravel (GP); gray orown, lcw density,
nonplastic, nonindurated, dry; gravel tc l-inch
diameter.

Gravelly sand (SP); brown, locw density,
nonplastic, nonindurated, dry; 30 percent gravel
tc l-inch diameter.

Sandy gravel {(GP); brown, low density,
nonplastic, nonindurated, dry; gravel tc l-incn
diameter.

Clayey, sandy gravel (GC); dark red orcwn,
medium dense, low plasticity, weakly indurated,
dry; cobbles tc 6-inch diameter.

Sandstone, red, moderately weathered bDedrcck.

Gravelly, silty sand (SM); brcwn, medium dense,
nocnplastic, weakly indurated, dry; 15 percent
gravel to 1/2-inch diameter.

Caliche (stage IV); white, strongly induratec,
soil profile plugged.

Cobbley, sandy, gravel with boulders (GP); wnite
to brown, medium dense, nonplastic, mcderately
to strongly indurated, dry; stage III calicne in
upper 2 feet.

Sand (SP); brown, low density, nonplastic,
nonindurated, dry; poorly graded, fine-grained,
rounded, guartz sand,

caved.

Silty sand (SM); red crown, medium dense,
nonplastic, nconindurated, dry; 20 percent {ines.

Caliche (stage IV); white, strongly induraced,
scil profile plugged.

Coobley, sandy, gravel with poulders (GP);
white, dense, ncnplastic, strongly inmdurated,
dry; stage III caliche.
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Test Pit 39

0.0 - 6.4'

6.4' - 11.1"

Sandy, ccbbley, gravel with bculders (GP); red
brown, medium dense, nonplastic, weakly
indurated, dry; boulders tc 2.5-feet in
diameter, recent stream alluvium.

Sand with silt (SP); red brown, medium dense,
nonplastic, weakly indurated, dry; pcorly
graded, fime-grained, rounded, quartz sand.

Note: Test pit is in an active stream channel. An absorption field
located here would be periodically flocded.

Test Pit 40
0.0 - 1.6
1.6 - 4.9
4,9' - 11.5

Test Pit 41
0.0 - 5.9
5,9'" - 6.9
6.9' - 8.5'

Ground water was not

Silty sand (SM); dark red brown, medium dense,
non- to low plasticity, ncnindurated, dry; 20
percent fines.

Caliche (stage IV); white, strongly indurated,
soil profile plugged.

Sandy, ccbbley, gravel with bculders (GP);
white, medium dense, nonplastic, strongly
indurated, dry; stage III caliche.

Sand (SP); red brown, low density, ncnplastic,
nonindurated, dry; pccrly graded, fine-grained,
rounded, guartz sand.

Clayey sand (SC); dark red brown, medium dense,
low to medium plasticity, weakly indurated, dry;
20 percent fines.

Caliche (stage IV); white, strongly indurated,
soil profile plugged.

encountered in any cf the test pits excavated in

the Winchester Hills Phase II subdivisiocn.

*Soils classified in accordance with procedures ocutlined in ASTM
Standard D2488-69 (Revised 1975), Description of Scils (Visual Manual
Procedure). Percentages recorded for various soil-size fracticns are

field estimates.
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Project: Requesting Agency:

Review of Dames and Moore Report, Pine Meadow Bureau of General
Ranch Sanitation. Utah State
Fealth Dent.

Date: County: Job No.:
G.E. Christenson 3/18/85 Summit WS=-2

USGS Quadrangle:

Big Dutch Hollow (1251); Wanshio (1250)

8>5~-U07
Big Dutch Hollow (1251) Wanship (1250)

This report contains the results of the UGMS review of a Dames and Mcore
report (March 2, 1984) on the Pine Meadow Ranch Subdivision in Summit County.
The purpose of the Dames and Mccre study was to perform percclation tests and
delineate areas suitable for individual wastewater dispcsal using scil
absorption systems. The UGMS has previously conducted an engineering geclogic
investigation at Pine Meadow Ranch (memo of July 29, 1983 frcm Gary E.
Christenson to William R. Lund) and has performed a fisld review of test pit
logs made by Dames and Moore during their investigation (letter of November
22, 1983, from Gary E. Christenscn to Mervin Reid).

The principal geclocgic factcrs to te considered when evaluating site
conditicns for soil abscrption systems are: 1) depth to ground water; 2)
depth to bedrock cr other impermeable layer; 3) scil percolation rate, and 4)
slope. The Dames and Moccre report addresses factors one and twc in the text
and on plate 2. Factor three is addressed through measurements cf scil
percolation rates, but a map showing the distribution of scil types and
percolaticon rates was not presented. A detailed slope map showing areas where
slopes are toc steep for scil absorption systems (factor four) was also nct
included. The UGMS has the following comments with regard to the methodclogy
and conclusicns in the Dames and Mcore repcrt:

1. The conclusicn that shallow ground water does not genmerally occur cver the
site is supported by the evidence. The probable areal extent of shallow
ground water ancountered in three of the test pits (numoers 17, 29, 47)
was not delineated on plate 2, However, as stated in the Dames and Mcore
report, it is likely that such occurrances are local, usually seascnal,
and difficult to predict.

2. Areas where depth to bedrock (thickness of soil cover) regulaticns
probably cannot be satisfied are shown in plate 2. Our field review cf
the Dames and Mcore test pit logs found that the top of their "residual
soil" unit generally corresponds tc the uppermost zone cf weathered
bedrcck. In most cases, this "residual soil" is sufficiently weathered to
pe considered soil and performs adeguately in soil absorpticn fields. As
stated by Dames and Mocre, the areas outlined showing the extent of
shallow bedrock are approximate and subject to interpretation. Because
the "residual soil" indicates shallow bedrcck, and "residual scil" cr
bedrock was repcrted in at least 41 of the 61 test pit logs included in
the report, the UGMS believes that the extent of shallcw bedrock is
porobably greater than is shown in plate 2,

3. Scil percolation rates were measured in 42 test pits. Twenty of those, or

48 percent, were slower than 60 minutes/inch, the minimum percclaticn ratz
permitted for ccnventional scil absorpticn systems. In addition, cur

field review of test pit logs found that site soils cortain more clay than
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is indicated in field socil classifications done by Dames and Mocre. This
discrepency 1is supported by laboratory test data (table 2, Dames and Mccre
repcrt) which shows that nearly all fine-grainmed soils tested were
predominately clay. In most Dames and Moocre field classificaticns,
however, the fimes were identified as silt. Althougn no map was prepared,
percolaticn rate tests indicate that as much as half of the subdivisicn
may be underlain by scils with inadequate permeability. To increase the
area suitable for scil absorpticn systems and to address soil variability,
Dames and Mcore recommends allowing systems to be installed in soils with
permeabilities between 60 and 100 minutes/inch. We do not agree, and
believe that soil variability should be addressed by a program cof scil
exploration (test pits) and multiple percolaticn tests on individual lcts
until sufficient suitable area is found. If an adequate area cannct be
found, the lot should be considered unsuitaple for wastewater dispcsal
using conventional systems.

4, Dames and Mcore does not address the influence of slope on scil abscrptiocn
systems. Surface seepage commonly results when soil abscrpticn systems
are placed cn steep slcpes, particularly in areas of shallcw bedrock or
low permeability solls such as are prevalent at Pine Meadcw Ranch. We
believe that consideraticn of slope effects would show large parts of the
remainder of the subdivisicn tc be poorly suited for scil apbsorpticn
systems.

Dames and Mcore concludes by stating that Plats £, F, and G of Pine Meadcw
Ranch are generally feasible for scil apsorption systems except in ar=as snhown
cn plate 2 as unsuitable due to shallow ground water or rock. They state that
delineations cof areas are approximate and subject to engineering judgment.

The latter statement is important because we believe that when soil
percolaticn rate data and slcpe considerations are included in the assessment
of spil absorption system suitability, a much larger area than that shown in
nlate 2 will pe found unsuitable. In our judgment, the conclusion tc be drawn
from the study is that it is likely that many lots at Pine Meadcw Ranch may be
without sufficient suitable area for a conventional scil abscrpticn system.



Project: Requesting Agency:
Investigation of 3 sites in Weber County for Bureau of Ceneral Sanita-
experimental individual wastewater disposal tion, Utah Dent. of Health
systems. '
By: Date: County: Job No.:
G.E. Christenson 6/25/85 Weber WwW=3
USGS Quadrangle:

North Ogden (1370); Ogden Bay (1347); Roy (1346)

85~015
PURPOSE AND SCOPE

At the request of Steven Thiriot of tne Bureau of General Sanitation (Utah
State Department of Health), the Utah Geolcgical and Mineral Survey (UGMS)

investigated three sites being considered for experimental individual
wastewater disposal systems in Weber County. The purpcse of the
investigations was to describe geclogic conditions at the sites tc help Utah
Department of Health personnel evaluate their feasipility for installaticn of
either low-pressure pipe (LPP) or Wisconsin mound systems. Site 1 is in Nerth
Ogden (NE1l/4 sec. 33, T. 7 N., R. 1 W., attachment 1), site 2 is in the
Kanesville-Hooper area (NWl/4 sec. 8, T. 5 N., R. 2 W., attachment 2), and
site 3 is in Hooper (SWl1/4 sec. 23, T. 5 N., R. 3 W., attachment 3). The
scope of work included a literature review, fizsld reccnnaissance (April 24,
1985), and lcgging and/or observaticn of test pits and percclaticn test hcles
at the sites. Present during the field reconnaissance were Mr. Thirigct and
Richard Schwartz and William Kessler of the Weber County Health Department.

SITE DESCRIPTIONS
Site 1

Site 1 is scutheast cf North Ogden on a south-sloping loct cordered on the
ncrth and east by canals and on the south by the drainage from Coldwater
Canycn. Although Miller (1980) shows scils at the site tc consist of Lake
Bonneville sand and gravel, mapping by the U.S. Scil Conservation Service
(1968) and cbservations made during the field investigation indicate that
fine-grained scils, chiefly clay, predcminate at the site. Orne test pit 6
feet deep near the center of the lot and five shallcw test pits 2 to 2.5 feet
deep in the northeast quarter cof the site exposed soil prcfiles consisting cf
1-2 feet of dark brown lean clay with sand cverlaying lake-bottom bedded clay
with minor sand beds (attachment 4). The bedding in the clay dips tc the
scuth and lccally exhibits vertical fracturing.

Percclaticn rates at two localities in the southwest corner of the
property at a depth of 4 feet were measured at 120 and 240 minutes/inch.
Because of these low permeabilities at depth, infiltrating water applied to
the site may percoclate laterally scuthward through upper soil layers rather
than vertically downward. This is evidenced by reports cf seepage, apparently
derived from infiltrating snowmelt, at variocus levels on the nortn (uphill)
wall of the deepest test pit. This seepage initially filled the test pit,
although it had drained away and the pit was dry at the time of the field
raconnaissance, indicating that a permanent high water table {less than 6 feet
below ground surface) does not exist in the area. Springs are present at the
pase of the slope at the scuth property line, providing evidence that an
unconfined water table is prcobably present a few fest below the test pits.

A well tapping a deep artesian aquifer is present abcut midway along the
western edge of the site. The well was flowing at the time cf the
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investigation, and the log from the Utah Division of Water Rignts indicates it
is 120 feet deep, pernetrating clay to 110 feet and gravel from 110-120 feet.
It is cased with perforations from 110-120 feet. The well was not gravel
packed. Although nc surface seal was noted in the log, the artesian pressure
in the aquifer and presence of a natural clay seal in the upper 110 feet
satisfies Utah Department of Health criteria for a deep well.

Because cf low permeability scils and pcssible shallow ground water, an
LPP or Wisconsin mound system is being ccnsidered for tnis property. The area
availapble for such a system is limited, however, because ¢f required setback
distances from property lines, cpen and unlined canals (nortn and east sides),
springs (south side), and culinary wells (west side). Steep slopes are alsc
present in the southern half of the site. If the canals are lined or
abandored eliminating the need for setbacks, a suitable area of limited size
would be available in the northeast ccrrer of the property. Prelimirary scil
percolaticn rates of 120 minutes/inch have been cbtained there by the
landowner. The minimum allowable percolation rate for LPP and Wisconsin mound
systems is 120 minutes/inch and the size of the system is in part based on
percclaticon rate. It is unlikely that sufficient area exists for the size of
system required (Steven Thiriot, cral commun., April 29, 1985).

Site 2

Site 2 is about cne mile east cof Kanesville along the West Hocper Branch
Canal and is 5-10 feet lower than nearby lots on the scuth side of 4000 Scuth
Street (attachment 2). The site is in a topographically low area along the
west edge of Hooper Slough. The landowner intends to import fill to raise tne
lot, and proposes to place an individual wastewater dispcsal system in the
fill. Under health department regulations, only experimental systems such as
the LPP or wisconsin mound system are allcwed in such material.

Soils at the site are chiefly Lake Bonneville silt and clay and the
intended fill material is silty sand. A percolaticn rate test ncle at the
site exposed gray silty clay with a water table 1.2 feet belcw the ground
surface. The seascnal high stand of the water taoble is not known, but judging
from present levels, may be less than 1 foot. No evidence that the surface
has been flooded by rising grocund water in the recent past was cbhserved.

Site 3

Site 3 is on cultivated land about 3/4 mile east of the shore cf the Great
Salt Lake in Hooper near the Weber-Davis County line (attachment 3). The site
is at an approximate elevation of 4222 feet, about 12 feet above the present
level of the Great Salt Lake. One test pit and several percclaticn test holes
were present at the site. Leveling of the site for cultivaticon appears to
have remcoved upper scill horizons. Lake depcsits of white to gray, bdedded
sand, silty sand, and clayey sand are exposed in tne test pit. An LPP cr
Wisconsin mound system is contemplated at the site, and a guesticn exists
regarding the need to import fill and raise the lot elevaticn tc accomcdate
shallow ground water. Ground water was measured at 31 inches oelcw tne groung
surface in the test pit and several of the percclaticn test hcles. A ditch
along the east side of the property had recently been deepened, and watar
standing in the bottom of the trench was roughly egquivalent in elevaticn tc
that in the test hcles. Ground water at the site is probaoly influenced oy
the level of the Great Salt Lake, by irrigaticn and cther surface water, and
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by drainage ditches. Estimation of the probable seascnal high ground-water
table is difficult, but it is likely that it may rise abcve present levels,
narticularly if the Great Salt Lake continues to rise.

CONCLUSIONS AND RECOMMENDATIONS

Conditions at all three sites are prchibitive for conventicnal wastewater
disposal systems, either because of slow scil permeapbility cr shallcw ground
water. Use of experimental low-pressure pipe or Wisccnsin mound systems may
be feasible provided proper precauticns are taken. At site 1, the area
remaining after satisfying setback reguirements from springs, canals, and the
well may pe insufficient for the size of system needed to acccmcdate thne low
permeability soils, Adeguate area appears present at sites 2 and 3. The
thickness cf fill propcsed at site 2 is unknown, but may be sufficiently thick
that existing site conditicns are of lesser significance and properties cf tne
fill will determine system size and design. At site 3, ground water may
naturally rise to less than 2 feet below the surface and fill will ce reguired
to use either an LPP or mound system unless the water table can be stapilized
artifically.
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Attachment 4,

Test Pit near

lot center

0 - 0.4
0.4' - 2,0
2.0" - 6.0

Seneralized log
test pits in
NE1l/4 of lot

0 -1.0

1.0' - 2.5

*Soils clas
(revised 19
D2487-83, C

Job No. WW-3

Site 1 - North Ogden
Soil Description*

Lean clay (CL); red-brown, firm, medium plasticity,
nonindurated, mcist; disturbed upper layer, prcbaply includes
fill.

Lean clay with sand (CL); black, stiff, medium plasticity,
nonindurated, dry to moist; prismatic tc bdlecky scil
structure, organic.

Lean clay (CL); red-brcwn, firm tc stiff, medium plasticity,
nonindurated, moist; bedded (beds less than 1/4 inch thick),
lccal interbeds of yellcow-green pcorly-graded sand (SP) up to
1 inch thick.

of

Lean clay with sand (CL); black, stiff tc very stiff, medium
plasticity, nonindurated, dry; tnickness cf layer varies from
6 inches tc 1 foot.

Lean clay (CL); red-brown, firm tc stiff, medium plasticity,
nonindurated, moist; bedded (beds less than 1/4 inch-thick),
calcium carbcnate nodules 1/4 - 1/2 inch in diameter ccmmcn.

sified according to procedures in ASTM Standard D2488-69
75), descripticn of socils (Visual Manual Prccedure) and
lassification of Scils for Engineering Purpcses.
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Project: Requesting Agency:
Jordan Ranch Mobile Home Park septic tank Wasatch County Dept. of
suitability evaluation Health

By: Date: County: Job No.:
H. Gill 6/6/85 Wasatch (e

USGS Quadrangle:

Heber City (1168)

#85-019
PURPOSE AND SCOPE

In response to a request from Phillip Wright, Wasatch Counmty Health
Department, the Utah Geological and Mineral Survey made a geologic inspection
of the proposed site for the Jordan Ranch Mobile Home Park in Wasatch County.
The subdivision is in the W1l/2 sec. 6, T. 3 S., R. 5 E., Salt Lake Baseline
and Meridian (attachment 1). The purpose of the inspection was to evaluatz
the geologic suitability of the site for a community soil absorption system
that could receive up to 30,000 gallons of wastewater per day. The mobile
home and RV park will be east of Highway 40, just scuth of Jordanelle, Utah.
The proposed absorption field is west of the highway immediately across from
the mobile home park (attachment 1).

The scope of the investigation included a review of available geologic and
soils information and logging of 16 test pits. Visits were made to the site
on May 10 and May 30, 1985. Nine test pits were logged during the first visit
(1 through 9), and 7 test pits on the second (10 through 16). Fifteen test
pits were excavated at the proposed absorption field site; the sixteenth was
on the east side of the highway (attachment 2). The test pits logged during
the first reconnaissance were all approximately four feet deep or less, their
depth being limited by high ground-water conditions. The test pits logged on
the second visit were from 3.5 to 7.5 feet deep. Mr. Wright was present
during the field inspections.

GEOLOGY AND HYDROLOGY

The study area 1s located adjacent to the Provo River just soutn of the
proposed site for the Jordanelle Dam. t is underlain by Quaternary age (0 -
1.8 million years before present) Provo River flood-plain deposits. Site
soils consist of a variable thickness (0.5 to 2.8 feet) of silty clay topsoil
(soil logs represent location within test pit with thickest section of top
soil) over coarse sandy and silty gravel deposits containing numerous cobbles
and boulders. The gravel and cobbles are well rounded, and include
approximately 10 percent fines (silt and clay) (attachment 3). Bedrock
exposed in the hillside west of the site is variable, but consists principally
of east-dipping volcanic breccia and rhyodacite porphyry of the Keetley
volcanics (Bromfield and others, 1970).

The U.S. Soil Conservation Service soil survey for the Heber Valley
(Woodward and others, 1976) considers the area susceptible to flooding for
snort periods during most years, with a water tabls that fluctuates in
response to flow in the Provo River. Ground watsr was encountered in test
pits 1 through 9 from 3.4 to 4.0 feet below tne surface, and in test pits 14,
15, and 16 at 6.5, 3.6, and 3.0 feet respectively (attachment 3). The water
table beneath the site is flat and the variable depth to ground water

-133-




corresponds to changes in ground-surface elevation across the praoperty.
Because the inspection was made during the late spring, the water levels
recorded probably are at or near the seasonal high stand of the shallow
unconfined aquifer beneath the site. There are three Bureau of Land
Management surface drains on the southern portion of the property (attachment
2). They were designed to drain the surface soils for agriculture, and are
only effective to a depth of 3 or 4 feet. Their influence is evident in test
pits 15 and 16 where the ground water is at 3.6 and 3.0 feet deep
respectively. The developer indicated that beaver dams had caused the
northern portion of the property to flood prior to the first visit on May 10.
The beaver dams were removed before the second reconnaissance; however, most
of the first nine test pits had been back filled so it was not possible to
evaluate completely the effect that removing the dams had on ground water.
Ground water was observed in test pit 8 at 6.7 feet below ground surface
during the second visit, a drop of 3.5 feet from the previous recording of 3.2
feet made on the first visit (attachment 3).

SUITABILITY FOR SOIL ABSORPTION FIELD

Soil and hydrologic conditions at the site generally present severe
limitations for the use of conventional soil apsorption systems. Percolation
Tates in the gravel deposits would be very nigh, and the soils lack fines
which assist in renovating the wastewater. The upper soil layer (silty clay)
may be suitable for an absorption field, but is of variable thickness and is
in general too thin and discontinuous to be of practical use. Shallow
ground-water conditions at the site make it unlikely that a conventional
system can be installed that maintains the reguired separation from the water
table. A direct hydrologic connection likely exists between the ground water
beneath the site and the Provo River, so contaminants entering the ground
water may eventually reach the river,

In addition to poor scil conditions and shallow ground-water the site may
also be subject to flooding. The southern portion of the property is on tne
outside of a river meander and past flooding in that area is indicated by
depbris observed in bushes and trees on the flood plain.

REFERENCES

Bromfield, C. S., Baker, A. A,, and Crittenden, M. D., 1970, Geologic map of
the Heber Quadrangle, Wasatch and Summit Counties, Utah: U. S. Geological
Survey Geologic Quadrangle Map GQ-864, scale 1:24,000.

Woodward, Lowell, Jensen, E. H., and Harvey, J. S., 1978, Soil survey of the
Heber Valley area, Utah: U. S. Department of Agriculture Soil
Conservation Service, Forest Service, and Utah Agricultural Experiment
Station, 124 p.



Attachment 1, Job No. Ww-4

Base map from USGS 7% minute topographic quadrangle, Heber City,

Utah

- va "

D

T,

N
)

T

J
N

‘9
s
]

Location map, Jordan Ranch Mobile

Utah Geological and Mineral Survey

Home Park

Site Investication Section



Attachment 2, Job No. WW-4

Scale 1" = 1000 ft.

Test pit and surface drain locaticns
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Attachment 3, Job No. wWw-4

Test Pit
0.0' - 2.
2,0" = 2
NOTE :

Test Pit
0.0' - 1.
NOTE @

Test Pit
g0.0' - 2.
2.8'" - 4,
NOTE &

Test Pit
0.0' - 0.
0.5' - 1.
NOTE :

Test Pit Logs*

1
0! Silty clay (CL); topsoil, black, firm, medium plasticity,
nonindurated, wet.

.40 Sandy gravel with cobbles/silty gravel with cobbles
(GP/GM); brown, low density, nonplastic, nonindurated,
saturated; 20 percent cobtles.

Ground water encountered at 2.4 feet below the ground surface.

Unable to log to total depth.

2

41 Silty clay (CL); topsoil, black, firm, medium plasticity,
nonindurated, wet.

Ground water encountered at 1.4 feet below the ground surface.

Unable to log to total depth.

3

8! Silty clay (CL); topsoil, black, firm, medium plasticity,
nonindurated, wet.

ok Sandy gravel with cobbles/silty gravel witn cobtles
(GP/GM); brown, low density, nonplastic, nonindurated,
saturated; 20 percent cobbles.

Ground watar encountered at 4.0 feet below the ground surface.

Unable to log to total depth.

4

51 Silty clay (CL); topsoil, black, firm, medium plasticity,
nonindurated, wet.

4 Sand (SP); light brown, low density, nonplastic,
nonindurated, wet to saturated.

Ground water encounterad at l.4 feet btelow the ground surface.

Unable to log to total depth.

*Soils classified in accordance with procedures outlined in ASTM Standard
D2489-69 (Revised 1975), Description of Soils (Visual Manual Procedure).
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Test Pit 5

0.0

0.5’

NOTE :

Test

0.0

0.5"

NOTE @

Test

NOTE :

Test

0.0'

1.2'

NOTE :

Test

0.0’

NOTE:

- 0.

-4

Pit

- 0.

-2

5! Silty clay (CL); topsoil, black, firm, medium plasticity,
nonindurated, wet.
5! Sandy gravel with cobbles/silty gravel with cobbles

(GP/GM); brown, low density, nonplastic, nonindurated,
saturated; 20 percent cobbles.

Small amount of water observed in bottom of test pit. Believed to be
ground water rather than precipitation.

6

50 . Silty clay (CL); topsoil, black, firm, medium plasticity,
nonindurated, wet.

.8! Sandy gravel with cobbles/silty gravel with cobbles

(GP/GM); brown, low density, nonplastic, nonindurated,
saturated; 20 percent cobbles.

Small amount of water observed in bottom of test pit. Believed to be
ground water rather than precipitation.

Pit 7

- 1.7 Silty clay (CL); topsoil, black, firm, medium plasticity,
nonindurated, wet.

- 3.2 Sandy gravel with cobbles/silty gravel with cobbles

Pit

- 1.

- 3,

Pit

(GP/GM); brown, low density, nonplastic, nonindurated,
saturated; 20 percent cobbles.

Ground water encountered at 3.2 feet below the ground surface,
Unable to log to total depth.

8

2! Silty clay (CL); topsoil, black, firm, medium plasticity,
nonindurated, wet.

5! Sandy gravel with cobbles/silty gravel with cobblss

(GP/GM); brown, low density, nonplastic, nonindurated,
saturated; 20 percent cobbles.

Small amount of water observed in bottom of test pit. Believed to b=
ground water rather than precipitation.

9

A4 Silty clay (CL); topsoil, black, firm, medium plasticity,

nonindurated, wet.

Ground water encountered at 0.4 feet below the ground surface.
Unable to log to total depth.
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Test

0.0'

1.5

Test

0.0'

0.4

1.4

Note:

Test

0.0

1.0'

2.7

3.7

Test

0.0

0.5

Test

c.0

1.5

Note:

Pit

'-l-

- 7.

10

5!

5!

11

4!

5!

Silty clay with sand (CL); brown, stiff, low plasticity,
nonindurated, dry.

Sandy gravel with cobbles (GP); light orown, low to medium
dense, nonplastic, nonindurated, dry.

Silty sand (SM); brown, low density, nonplastic,
nonindurated, dry.

Sand (SP); light prown, low density, ronplastic,
nonindurated, dry.

Sandy gravel with cobbles (GP); light orown, low density,
nonplastic, nonindurated dry.

SBottom moist, ground water probably close to bottom of test pit.

12

.0

A

.8

13

5!

.5t

14

.5

.5t

Silty clay with sand (CL); brown, firm, low placticity,
nonindurated, dry.

Silty gravel with cobbles (GM); light brown, low density,
nonplastic, nonindurated, dry.

Clay (CH); dark brown, very stiff, high nlasticity,
nonindurated, dry.

Sandy gravel with cobbles (GP); light brown, low density,
nonplastic, nonindurated, dry.

Silty clay with sand (CL); brown, stiff, low plasticity,
nonindurated, dry.

Sandy gravel with cobbles (GP); light brown, low density,
nonplastic, nonindurated, dry.

Silty clay with sand (CL); brown, firm, low plasticity,
nonindurated, dry.

Silty gravel with cobbles (GM); light orown, low density,
nonplastic, nonindurated, dry.

Ground water at 6.5 feet.
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Test Pit 15

0.0' - 2.8 Silty clay (CL); dark brown, stiff, medium olasticity,
nonindurated, dry.

2.8' - 4.0 Silty gravel with cobbles (GM); light brown, low density,
nonplastic, nonindurated, saturated.

Note: Ground water at 3.6 feet,

Test Pit 16

0.0' - 3.0 Silty clay (CL); dark orown, stiff, medium plasticity,

nonindurated, dry.

3.0' - 4.0 Silty gravel with cobbles (GM); light orown, low density,
norplastic, nonindurated, saturated.

Note: Ground water at 3.0 feet.
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Project: Requesting Agency:
Sewage lagoon site for Escalante, Utah Town of Escalante
Date: County: Job No.:
R.H. Klauk 11/4/85 Garfield Wig=5

USGS Quadrangle:

Escalante (267)

85-034
PURPOSE AND SCOPE

This report presents the results of an investigation by the Utah.
Geological and Minmeral Survey (UGMS) to assess the geologic suitability of a
sewage lagoon site for the town of Escalante, Utah. The investigation was
nerformed at the reguest of Mayor Christensen and the Escalante Town Council.
The site is located in the SW 1/4 sec. 9, T. 35 S., R. 3 E., Salt Lake
3aseline and Meridian (attachment 1).

The scope of work for the study included a review of existing geolcgical
literature, interpretation of sterecscopic aerial photographs, and a field
investigation on October 16 and 17, 1985, The field investigation included
the excavation of three test pits with a tractor mounted backhoe.

GENERAL GEOLOGY

The town of Escalante is on alluvial deposits overlying undifferentiated
Upper Jurassic Carmel Formation and Entrada Sandstone of the San Rafael Group
(Gregory and Moore, 1931). At Escalante, the San Rafael Group forms the
slightly west dipping, west limb of the Escalante monocline. One miles east of
town the monocline consists of steeply upturned Entrada Sandstone in contact
with gypsum and shale of the Carmel Formation (Gregory and Moore, 1931; and
McFall and Peterson, 1971). The alluvium overlying the San Rafael Group at
Escalante is terrace and flood-plain deposits associated with the Zscalante
River and Alvey Wash a possibnle abandoned channel of the Escalante River
(attachment 1).

Escalante is in Uniform Building Code (UBC) seismic zone 2 and Utah
Seismic Safety Advisory Council (USSAC) seismic zonmes 1 and 2. This indicates
the site is in an area where an earthquake of modified Mercalli intensity VII
may be expected. See attachment 2 for an explanation of the intensity scale.
No earthguakes have been recorded within a 10 mile radius of Escalante
(Arabasz and others, 1979; Richins and others, 198l; and Richins and others,
1984). The nearest suspected Quaternary fault is more than 15 miles to the
northwest (Anderson and Miller, 1979). No other young faults are known in the
area.

SITE CONDITIONS

The wastewater lagoon site is located less than 1/2 mile east of Escalante
on a terrace 10 to 20 feet above the flood plain of the Zscalante River
(attachment 1). A second, higher terrace (20 feet) borders the site to the
south. Presently, the property is utilized as a pasture with a small
cultivated area in the northwest corner. An unnamed intermittant drainage
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crosses the southeast corner of the site. Perennial springs that emanate from
the slope between the terraces results in ponded water over mcre than half the
site. A small ditch has besn excavated across the property to drain some of
the ponded water into the Escalante River. The site is adjacent to but not
included in the 100 year flood zone for the Escalante River delineated on tne
U.S. Department of Housing and Urban Development Federal Insurance
Administration flocd map (1978).

Soils on site range from silty or clayey, poorly graded finme sand (SM/SC)
to fine sand (SP) (appendix 3). These soils extend to a depth of at least 5
feet and possibly much deeper. Severe sloughing of the test pits and hignh
ground water ranging from 2.5 to 4.0 feet in depth precluded deepsr
excavation. Numerous roots and a portion of a 4-inch diameter tree were found
in the upper parts cf the test pits. No gypsum was observed.

CONCLUSIONS AND RECOMMENDATIONS

The Escalante sewage lagoon site is located in UBC seismic zone 2 and
USSAC seismic zonmes 1 and 2. No earthguakes have occurred in historic time
and no Quaternary faults are known within 10 miles of the site. Flocd hazard
from the Escalante River is low, but localized runoff in an unnamed drainage
crossing the site may be a problem. Discharge from springs produces standing
water over much of the site. High ground water and organic rich and pcssinly
low-bearing strength scils may provide foundation proolems. 3ased on these
conditions, the following recommendations are made:

1. The lagoon should be designed and constructed, at a minimum, in acccrdance
with UBC seismic reguirements for zone 2, including design review and
field inspection to insure compliance for USSAC seismic zornes 1 and 2.

2. Spring discharge should be diverted and ponding of water prevented on tne
site.

3. Construction should not block the unnamed drainage.
4. A foundation investigation should be conducted tc evaluate scil and

shallow ground-water characteristics pertinent to the design of the
facility.
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Attachment 2, Job No. WW-5

MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridged)
Not felt except bv a very few under especially favorable circumstances.

Felt only by a few persons at rest, especially on upper floors of buildings. Delicately suspended objects
may swing.

Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not recog-
nize it as an earthquake. Standing motor cars may rock slightly. Vibration like passing of truck. Dura-
tion estimated.

During the day felt indoors by many, outdoors by few. At night some awakened. Dishes. windows.
doors disturbed: wulls made cracking sound. Sensation like heavy truck striking building; standing
motor cars rocked noticeably.

Felt by nearly evervone: many awakened. Some dishes, windows, et¢., broken: a few instances ot
cracked plaster: unstable objects overturned. Disturbance of tress. poles and other tell objects some-
times noticed. Pendutum clocks may stop.

Felt by all: many frightened and run outdoors. Some heavy furniture moved: a lew instances of fuilen
plaster or damaged chimneys. Damage stight.

Everybody runs outdoors. Damauge negligible in buildings of good design and construction: slight to
moderate in well-built ordinary structures; considerable in poorly built or badly designed structures;
some chimneys broken. Noticed by persons driving motor cars.

Damage slight in specially designed structures: considerable in ordinary substan.ial buildings with par-
tial collapse; great in poorly built structures. Panel walls thrown out of frume structures. Fall of
chimneys, factory stacks, columns, monuments, wails. Heavy furniture overturned. Send and mud
ejected in small amounts. Changes in well water. Disturbed persons driving motor cars.

Damage considerable in specially designed structures: well designed rame structures thrown out of
plumb: great in substantial buildings. with partial collapse. Butldings shifted off floundations. 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 banks and stecp
slopes. Shifted sand and mud. Water splashed (slopped) over banks.

Few, ifany (masonry), structures remain standing. Bridges destroyed. Broad fissures in ground. Un-
derground pipe lines completely out of service. Earth slumps and land slips in soft ground. Rails bent
greatly.

Damage total. Waves seen on ground surfaces. Lines of sight and level distorted. Objects thrown
upward into the air.

Source: Earthyuake Intormation Bulletin: 6 (33, 1974, p 2K,
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Attachment 3,

Test Pit 1
0.0' - 0.5
0.5" - 1.5
1.5'" - 5.0
Test Pit 2
0.0' - 0.5
0.5' - 5.0
Test Pit 3

Jop No. WW-5

Logs of Test Pits*

Peat, (PT)- dark brown, odor, thick grass and rocts.

Poorly Graded Silty Sand or Clayey Sand (SM/SC)- Abcut 70
percent fine, subangular to subrounded sand; about 30 percent
fines with low plasticity; light brown, hcmogenecus; wet; strong
organic odor, numerous roots throughout, buried tree trunk from
1.0 to 3.0 feet in depth, overbank flood-plain depcsits.

Poorly Graded Clayey Sand (SC)- About 60 percent fire,
subangular to subrounded sand; about 40 percent fines with
medium plasticity; dark brown, homogeneous, wet to saturatecd;
strong organic odor, overbank flood plain-depcsits, scme rocts,
severe sloughing of trench walls.

Note: Water table at 2.5 feet.

Peat (PT)- brown, odor, thick grass and roots.

Poorly Graded Sand (SP)- About 75 percent fine, subrounded to

rounded sand; about 5 percent medium to coarse subrocunded to
rounded sand, brown, organic odor, moist to wet, no reacticn
with HCl, homogeneous, no cementation, overtank flood-plain
deposits, some roots in upper part of trenmch, severe sloughing
of pit walls.

Note: Water table at 4.0 feet.

Due to sloughing it was not possible to log this test pit. However,
observations and bucket material indicate soils are similar to those in

test pits
in depth.

1 ancd 2. The water table was estimated to be from 2 tc 3 feet

*Soils classified in accordance with procedures outlined in ASTM Standard

D 2488-84,

Description and Identificaticn of Soils (Visual Manual

Procedure).
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Project: Requesting Agency:

Timberlakes Plat 18 Wasatch Countwv Health Dept.
By: Date: County: Job No.:

H. Gill 10/17/85 Wasatch WW=6

USGS Quadrangle:
Heber Mountain (425)

#85-035
PURPOSE AND SCOPE

In response to a request from Phillip Wright, Wasatch County Health
Department, the Utah Geological and Mineral Survey (UGMS) performed a geologic
investigation of Timperlakes Subdivision Plat 18 in the E1/2, NWl/4, Sec. 23,
T. 4 S., R. 6 £., Salt Lake Baseline and Meridian, Wasatch County, Utah
(attachment 1). The purpose of the inspection was to detaermine if subsurface
scil and water conditions are suitable for installation of individual
wastewater disposal systems on the subdivision lots.

The scope of the investigation included a review of availabls geclogiz and
soils informaticn and logging of 13 test pits. The test pits ranged in depth
from 3.9 to 10.4 feet below ground surface. Present during the investigation,
performed on September 25, 1985, were Phillip Wright, William Lund (UJGMS), and
William Burkes and Dan Blake both with the Utah State Bureau of Public Water
Supplies.

GEQLOGY AND HYDROLOGY

The entire subdivision is underlain by hummocky Quaternary glacial
deposits (Baker, 1976). Although only one geologic unit, glacial till, is
present on the property, a number of soil types were encountered in the test
pits. Glacial till is characteristically heterogeneous, consisting of
material from rock units and soll types encountered and eroded by tne
glacier. When melting begins, the rock and soil materials containmed in the
ice are deposited as one unit. Numercus melt water streams mix and scour the
deposits even more. During a period of retreat, a glacier may leave behind
isolated nolocks of ice, which after melting create depressions or kettles.
This, as well as the typical hummocky glacial terrain which tends to form
closed depressions and trap surface runoff, is a likely origin for the
numerous small lakes and ponds in the area.

Annual precipitation is approximately 25 to 35 inches, mostly falling as
snow between October and March (Woodward and others, 1976). Long months of
snow cover and subsequent snowmelt create marshy areas as well as keep small
lakes and ponds full. Beaver dams along Lake Creek create additional ponds,
and cause a shallow water table. Shallow ground water was encountered in test
oits 2, 9, and 10 at 9.0, 3.9, and 7.6 feet respectively (attachment 2). Tne
1984-1985 water year was drier than in the recent past (1982-1984) when
precipitation amounts were well above normal, therefore, ground-water depths
are probably lower. In addition, the inspection took place in late Septemosr
when the water table is at or near its lowest level.

Culinary water for the subdivision will be supplied by a spring

approximately 1000 feet southwest of the nearest property line (attachment
2). The recharge area for the spring is scuthwest of and nigner in elevation
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than the subdivision and a major drainage separates the spring from the site.
As a result, there is nc danger of contamination to the spring from individual
soil absorption systems in Plat 18.

SCILS

Socils observed during the field reconnaissance were generally consistant
between the test pits (attachment 3). A generalized descripticn would
include: 1 to 4 feet of dark gray-black, soft to firm, silty clay tocpsoil
over 5 to 9 feet of brown, very stiff to hard, clay with gravel and ccoboles.
This soil horizon has a high plasticity and a moderate shrink/swell potantial
(Woodward and others, 1976). In test pit 11, from 4.7 tc 9.4 feet beneath tne
ground surface, late stage II to early stage III caliche develcpment was
observed (attachment 3). This indicates the gravelly clay scils were
moderately indurated and the soil horizon is partially plugged with secondary
calcium carbonate.

SUITABILITY FOR SEPTIC TANK DRAINFIELDS

According to the U. S. Soil Conservation Service (SCS) soil survey fcr tne
Heber Valley, soil conditions at the site generally present severe limitaticns
for septic tank absorbtion fields (Woodward and cthers, 1976). Limitations
are primarily due to slow permeability. Based on the test pit insoecticns and
field reconnaissance (no lab tests were run), the soil conditions in tne
subdivision were found to range frcm poor to unacceptable for septic tank
drainfields. The major soll type at depth across the site is a fat clay with
gravel and cobbles. The finmes fraction (-200 sieve size) was estimated tc oe
from 50 to 90 percent (with high plasticity and moderate shrink/swell
pctential, SCS, 1976) and therefore a poor scil for soil abscrption systems.
However, the gravel and cobble fraction ranged from 25 to 50 percent and may
allow for a greater degree of percolation than would normally be expected in
soils containing so many fines. Percolation tests would be required tc
confirm the soils suitability,

Test pit number 2 (lot 1863) contained a silty sand and silty clay norizon
from the surface to 9.0 feet. Because of the greater permeapility of these
soils, they would be well suited for use in a scil absorbticn field. However,
the ground-water level was 9 feet below ground surface. The water level can
be expected to be higher during the spring and summer, and the pcssinility of
saturation and failure of an absorption system in this area is moderate to
high. Shallow ground water was observed in other areas on tne property (lots
9 and 10), and soil in these locations may remain saturated most of the year.
Therefore, these soils would be unacceptable for absorbticn fields.

Test pit 11 (lot 18l4) contains a moderately indurated (stage II/stage
III) caliche norizon developed in clay witnh gravel and ccbbles. Caliche
decreases the permeability of the socil. In addition, the northern porticn cf
the lot drops off rapidly to the north, The caliche horizon will act as an
impermeable barrier to the septic tank effluent creating a perched water taple
wnich may migrate laterally and eventually result in surface sespage cn the
steep slcpe to the north.
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SUMMARY

Glacial deposits can vary considerably over short horizontal and vertical
distances. For that reason, each lot should be carefully evaluated pricr to
installation of a wastewater disposal system. The majority of the soils
observed on site were high plasticity clays that contained a high percentage
of gravel and cobbles. Although normally possessing low permeaoility, the
gravel and cobbles may make these soils suitable for installation of
individual wastewater disposal systems. Soil suitability shculd be confirmed
by percolation tests on a lot by lot basis, and it should be ncted that the
scils on some lots may be unacceptable. In addition to soil permeability the
presence of seascnally high ground water near streams and ponds must be
considered in siting disposal systems. Ground-water conditicns during the
inspection were probably at the lcowest level for the year and will be higher
in the spring. Particular care should be taken when installing systems on
lots adjacent to areas of known high ground water (lots 1820, 1825, 1863).
Lots near lot 1814 should be inspected for layers of impermeable calicne. The
caliche development in the area is not particularly thick, and it may 2e
ncssible to install systems pbelow the plugged layer.
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Attachment 1, Job No. WW-6
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Attachment 2, Job No. WW-6

Base man from Timberlakes Plat 18
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Attachment 3, Job No. WW-6

Test

Pit 1

0.0’

1.2

2.7!

- 1.2

- 2.7

- 10.4°

Pit 2

Test

0.0

1.0

2.5!

6.2'

Note:

Test

- 1.0

- 2.5

- 6.2

- 9.0'

Test Pit Logs*

Fill material, coarse sandy gravel.

Gravelly lean clay (CL); topsoil, dark gray-black, firm,
low plasticity, nonindurated, dry; 25 percent gravel, 5-10
percent sand.

Gravelly fat clay with cobbles (CH); brown, hard, highly
plastic, nonindurated, moist; 25 percent gravel, 20 percent
cobbles.

Lean clay with sand (CL); topsoil, dark gray-black, firm,
low plasticity, nonindurated, dry; 15 percent sand.

Sandy lean clay with gravel (CL); red brown-light brown,
very stiff, medium plasticity, nonindurated, dry; 25
percent sand, 25 percent gravel.

Silty sand (SM); light brown, medium dense, nonplastic,
nonindurated, dry; 25 percent fines.

Fat clay (CH); brown-red brown, very stiff, medium
plasticity, nonindurated, dry; 10 percent sand.

Ground water encountered at 9.0 feet below ground surface.

Pit 3

G.o!

2.3"

Test

- 2.3

- 5.8

Pit 4

c.o

3.8'

- 3.8

- 9.8

Lean clay with sand (CL); topsoil, dark gray-black, firm,
low plasticity, nonindurated, dry; 15 percent sand.

Fat clay with gravel (CH); yellow brown, hard, highly
plastic, nonindurated, dry to moist; 15 percent gravel.

Sandy lean clay with gravel (CL); topsoil, dark gray-black,
firm, low plasticity, nonindurated, dry; 20 percent sand,
20 percent gravel.

Gravelly fat clay with cobbles (CH); brown, hard, highly
plastic, nonindurated, dry; 20 percent gravel, 15 percent
cobbles.

*Spoils classified in accordance with procedures outlined in ASTM Standard
D2488-84, Standard Practice for Description and Identification of Soils
(Visual Manual Procedure).
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Test Pit 10

0.0' = 2.7 Fill material, coarse sand and gravel.

2.7" - 4.1 Sandy lean clay (CL); topsoil, dark gray-black, firm, low
to no plasticity, nonindurated, moist; 20 percent sand.

4,1' - 7,67 Gravelly fat clay (CH); dark gray-black, very stiff, highly
plastic, nonindurated, moist to wet; 25 percent gravel.

Note: Ground water encountered at 7.6 feet below the ground surface.

Subtract thickness of fill material for actual depth to water.

Test Pit 11
0.0' - 2.0
2.0" = 4.7
4.7' - 9.4°
Test Pit 12
0.0' = 1.7
1.7' - 4.5
4,5' - 9.7
Test Pit 13
0.0' - 1.4
1.4' - 8.8

Gravelly lean clay with sand (CL); topsoil, dark
gray-black, firm, low to no plasticity, nonindurated,
moist; 15 percent sand, 20 percent gravel.

Gravelly fat clay with cobbles (CH); brown, hard, highly
plastic, induration increases with depth (from stage I to
stage II caliche), dry to moist; 30 percent gravel, 20
percent cobbles.

Gravelly fat clay with cobbles (CH); brown, hard, highly
plastic, moderately indurated (stage II/stage III caliche),
dry to moist; 30 percent gravel, 20 percent cobbles.

Gravelly lean clay with sand (CL); topsoil, dark
gray-black, soft, low plasticity, nonindurated, dry; 15
percent sand, 20 percent gravel.

Lean clay with gravel (CL); dark gray-dark brown, firm, low
to medium plasticity, nonindurated, dry; 15 percent gravel.

Gravelly fat clay with cobbles (CH); brown, hard, highly
plastic, nonindurated, dry; 30 percent gravel, 20 percent
cobbles.

Gravelly lean clay with sand (CL); topsoil, dark
gray-black, soft, low plasticity, nonindurated, dry; 15
percent sand, 20 percent gravel.

Gravelly fat clay with cobbles (CH); brown, hard, highly

plastic, nonindurated, dry; 30 percent gravel, 20 percent
cobbles, minor caliche coatings on cobpbles and gravel at
depth.
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Pit 5

Test

0.0’

1.8

Test

- 1.8

- 7.6'

pit 6

c.0!

1.0

Test

- 1.0

- 9.2!

Pit 7

c.0!

1.0

2.3"

Test

- 1.0

- 2.3

- 7.4

Pit 8

c.Q!

1.0

3.8!

4.6'

- 1.07

- 3.8!

- 4.6'

- 8.9

Pit 9

Test

c.Q!

1.9

Note:

-1.9'

- 3.9

Lean clay with gravel (CL); topsoil, dark gray-black, firm,
low plasticity, nonindurated, dry; 15 percent gravel.

Sandy fat clay with gravel (CH); brown, hard, highly
plastic, nonindurated, dry; 20 percent sand, 20 percent
gravel.

Lean clay with gravel (CL); topsoil, dark gray-black, firm,
low plasticity, nonindurated, dry; 15 percent gravel.

Gravelly fat clay with cobbles (CH); brown, hard, highly
plastic, nonindurated, dry; 30 percent gravel, 15 percent
cobbles.

Lean clay with sand (CL); topsoil, dark brown-black, soft,
low plasticity, nonindurated, dry.

Gravelly lean clay (CL); dark gray, stiff, low to medium
plasticity, nonindurated, dry; 15 percent gravel.

Sandy fat clay with gravel and cobbles (CH); b:own, hard,
highly plastic, nonindurated, dry; 20 percent sand, 15
percent gravel, 15 percent cobbles.

Sandy lean clay with gravel (CL); topsoil, dark gray-black,
soft, low plasticity, nonindurated, dry; 25 percent sand,
15 percent gravel.

Gravelly fat clay (CH); brown, hard, highly plastic,
nonindurated, dry; 35 percent gravel.

Sand/silt (SM/ML); tan, medium dense/stiff, low to no
plasticity, nonindurated, dry; 50 percent very fine sand,
50 percent silt.

Clayey gravel with sand (GC); brown, high density, medium
to high plasticity, nonindurated, dry; 25 percent sand, 40
percent gravel, 25 percent fines

Lean clay with sand (CL); topsoil, dark gray-black, firm,
low plasticity, nonindurated, dry.

Fat clay with gravel and cobbles (CH); brown, very stiff,
highly plastic, nonindurated, moist; 20 percent gravel, 15
percent cobbles.

Ground water encountered at 3.9 feet below the ground surface.



Project: Requesting Agency:

Geologic evaluation of three subdivisions in Utah Division of Environ-
Duchesne County for installation of septic tank mental Health and Uintah
and soil absorption field wastewater disvosal Basin Health Depnt.
systems.
By: Date: County: Job No.:
W.R. Lund 11/13/85 Duchesne 77

USGS Quadrangle:

Hancock Cove (1075); Roosevelt (1074)

#85-036

In response to a reguest from Mr. Steven Thiriot, Utah Division of
Environmental Health, and Mr. Lowell Card, Uintah Basin Health District, an
investigation was made of the Crescent Heights, Black Powder Ranchetts, and
Pleasant View Acres Subdivisions in Duchesne County. The purpose of the
investigation was to evaluate site soil and geologic conditions with regard to
suitability for individual wastewater disposal systems using septic tank and
soil absorption fields. The scope of work consisted of a review of poth
published and unpublished information, including test pit logs and percolation
test results provided by the developer; a field reconnaissance on October 22,
1985; and examination of test pits at all three subdivisions. Messers.
Thiriot and Card were present during the field inspections, as were members of
Mr. Card's staff. Jerry Allred, tne developer's engineer, was prasent during
the field visit to the Crescent Heights Subdivision.

Crescent Heights Subdivisicn

The Crescent Heights Subdivision is lpcated about 2.5 miles north of
Roosevelt, Utah in sec. 4, T. 2 S., R. 1 W, of the Uintah Special Base and
Meridian. It consists of six lots ranging in size from 2.5 tc 5 acres. The
subpdivision is on a pediment at the base of Harmston Bench west of Pickup #ash
(attachment 1). The pediment surface is gently undulating with a slope of
1 to 3 degrees to the east. The Roosevelt Lateral, a deeply incised unlined
irrigation canal, borders the property on the west. Vegetation is sparse and
consists chiefly of low brush and grass. A residence approximately 0.5 miles
north of the subdivision was observed to have a failing soil absorption system
at the time of the field reconnaissance.

Harmston 3ench is comprised of the Eocene- to possibly Oligocene-age Ory
Gulch Creek Memper of the Duchesne River Formation (Rowley and others, 1985).
The Dry Gulch Creek Member is about 490 feet thick and consists of soft to
moderately resistant, light- to medium-gray, medium-red, purplish-gray, and
yellow mudstone, shale, sandstone, and conglomerate. As the formation
weathers and ercdes, the front of the bench recedes and alluvium and colluvium
are deposited on the pediment forming at the base of the bench.

Three test pits were excavated at the subdivision (attachment 1).
Detailed soil logs are presented in attachment 2. Test pits 1 and 2 showed
high plasticity, very stiff to hard clays through most of their depth. The
upper soil layers appeared sandy, but the sand consisted of soft gypsum
crystals that quickly dissolved when water was added to the soil. Veinlets of
gypsum up to 0.1 feet thick were present, and it is estimated that scme soil
horizons were more than 30 percent gypsum. The clay in test pit 2 had such
nigh dry strength that the backhoe could only procceed with great 3ifficulty,
and the excavation was terminated at 5.9 feet. Test pit 3 showed nearly 2
feet of sandy (gypsiferous) lean clay over more than 1.5 feet of high
plasticity fat clay believed to have formed inplace by weathering cf tne
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Duchesne River Formation. Weathered purple shale bedrock was encountered at a
depth of 3.4 feet immediately below the residual clay scil. Examination of
the sides of the Roosevelt Lateral at the west end of the subdivision shcwed a
similar profile. There, about one foot of gypsum rich clay containing
abundant plant roots overlays approximately 4 feet of residual fat clay that
grades downward to a purple shale containing abundant gypsum veinlets. Ground
water was not encountered in any of the test pits and is estimated to be at
least 15 feet below the ground surface and possibly much deeper.

The soils at Crescent View Subdivision are gredominately high plasticity
CH clays (ASTM 2488-84) containing a large percentage of soluble gypsum. They
can be expected to exhibit low to very low permeability and moderate tc hign
shrink-swell capacity. Percolation tests may give ancmalously fast results
due to the interconnecting system cf cracks associated witn the columnar and
blocky secondary scil structure developed in the clay. Upcn continucus
wetting, the clay would swell and clocse the cracks. Bedrock beneath the
subdivision is chiefly low permeability shale and mudstcne and is present at
shallow depth (3-5 feet) at the west end of the property. A pctential alsc
exists for drainfield leachate to dissclve gypsum in the surrcunding soil and
alter or even reverse the grade along drainfield distriobuticn lines. For the
above reascns, installation of septic tank and scil absorption field
wastewater disposal systems is not recommended at this subdivisiocn.

Black Pcwder Ranchetts Subdivision

Black Powder Ranchetts Subdivisicn is about 3.5 miles northwest cf
Roosevelt, Utah in sec. 5, T. 2 S., R. 1 W, of the Uintah Special Base and
Meridian. The subdivision consists of 10 lcts ranging in size from 5 to 8
acres. The property is bounded on the west by State Highway 121 and extends
eastward to tne top of Harmston Bench (attachment 1). An intermittant
drainage crosses the subdivision at the base of the bench in a north-south
direction. Slopes over most cf the property are gentle (2 to 3 degrees) tc
the scutheast, but are steep (20 degrees plus) to the west on the side of the
bench. Vegetative cover is heavy along the drainage, but mcderate elsewhere,
consisting mostly of low brush and grass.

Harmston Bench is comprised of shale, mudstone, and siltstcre of the Dry
Gulch Creek Member of the Duchesne River Formation. Outcrops are not common
due to the soft, easily eroded nature of the rock. The bench is capped by a
layer of cemented river terrace gravel that appears to be 4 to 10 feet thick.
Colluvium predominates on the side of the bench, and a ccmoinaticn cf
colluvium and alluvium covers the remainder of the subdivisicn.

Four test pits previously excavated by the developer were examined during
the field reccnaissance. Test pits 1, 7, and 9 (test pit numbers reflect the
lot on which they were excavated) encountered shale or mudstcne bedrock at
depths ranging from 3.8 to 7.6 feet (attachment 2). Shale and siltstone in
the spoil pile for test pit 3 indicate that bedrcck is also present tnere, sut
ground water standing in the excavation cbscured the ccntact. Generally, the
soils overlying bedrcck consisted of CL and CH clays with abundant gypsum. In
some cases, gypsum crystals made the clay sandy, but quickly dissclved when
water was added to the scil. However, test pit 3, which was close tc the
drainage, exposed 2.7 feet of high plasticity clay over 3.4 feet cf green, low
plasticity clayey silt, Total thickness of the silt unit is not known due to
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the presence of ground water in the test pit, but if dedrock was alsc
encountered in the excavaticn as indicated by the spoil pile, tctal thickness
of the silt unit probably does not exceed 4.5 feet. Abundant phreatcphytic
vegetation along the drainage defines a zone of snallcw ground water across
the site. Depth to water in test pit 3 was 6.1 feet, but is expected tc be
higher in the spring and during the irrigation season. The area of the
subdivision affected by high ground water includes portions of lots 3, 4, 7,
and 8.

Conditions at this subdivision are not well suited for installation of
septic tank and soil absorption field systems. Most scils are medium to hign
plasticity clays that would exhibit low to very low permeability and moderate
to high shrink-swell capacity. Bedrock is shallow across much cf the
subdivision and high ground water is present alcng the draimage. Since test
pits were not excavated on top of Harmston 3ench, the potential for installing
systems there is unknown. Factors that would affect siting of systems on the
bench include: the thickness of the gravel horizon, the extent to which the
gravel is cemented by caliche, and the amcunt of room on the lots to
accomodate reguired setback distances from bench side-slopes. The clayey silt
norizon in test pit 3 was the only soil observed that appears to oe usaocle in
a scil absorption field, and then only in areas nct affected oy shallow
badrock or high ground water. The silty unit is propbably a resiaual scil
developed on siltstone in the underlying Ouchesne River Formatiocn.
Observation of bedrock in the test pits and in limited ocutcrops rear tne
subdivision indicates that siltstonme is not a common rock type in tne area.
Therefore, it is likely that the clayey silt unit is nct widespread. Lot oy
lot investigation would ve required to determine if soil aoscorption systems
can be successfully installed, but given the overall geclogic and soil
conditions at the subdivision, the likelihcod of finding more than cne or two
acceptable sites is considered low.

Pleasant View Acres Subdivisiocn

Pleasant View Acres Subdivision 1s located approximately 7.5 miles
northwest of Roosevelt, Utah in sec. 35, 7. 1 S., R. 2 W. of the Uintan
Special Base and Meridian (attachment 3). It inmcludes 18 lots ranging in size
from 5 to about 10 acres. The subdivisicn is con a pediment that grades tc the
east from uplands separating Ory Gulch and Cottonwood Creeks. The surface cf
the pediment is undulatory, with an overall gentle slope (3 tc 5 degrees) toc
the east. Vegetation is sparse, consisting chiefly of low brush ad grass.

One lot is occupied by a residence, the remainder of the subdivision is vacant.

The pediment surface is underlain at shallow depth by the Duchesne River
Formation (Stokes and Madsen, 196l). Small, isclated cutcrops of sandstone
were observed in the subdivision, and surface soils consist of poorly graged
sand and silty sand. The sand layer is thin, ranging frcm 0.5 tc 3.3 feet
thick in the 5 test pits previously excavated on the property by the devalcper
(attachnent 2). Beneath the sand all of the test pits encourtersd nign
plasticity CH clay. In addition, test pits 5, 7, and 7a {(test pit numoers
reflect the lot on which they were excavated) =sxposed shale pedrock. Piecss
of shale in the spoil pile for test pit 2 indicate that oedrcck was alsc
encountered there, but the contact was obscured by ground watsr standing in
tne excavation. Depth to water in test pit 2 was 8.7 feet. It is anticipated
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that the water tabls beneath the subdivision fluctuates with the seascns and
will be highest in the spring. Due to tne multicolored nature of the clay in
test pit 2, soil mottling could nct be positively identified and the extent of
water-table rise is not known. The area of the subdivision that appears to be
susceptiple to high ground water includes the northern pcrtions of lots 1, 2,
3, 4, 5 and 6.

The sandy surface soils at the subdivisicn are derived from the
weathering of the sandstone that crops out on-site. The sandstcne strata is
thin, has been entirely remcved Dy erosion in many areas, and rests on shale
and mudstone. The sand horizon would be adequate for installation of septic
tanks and soil absorption fields provided a sufficient thickmess were present
to meet State Health Code regulations. However, based on existing test pits,
the sand layer is too thin to meet current requirements and is underlain oy
low permeability, high plasticity clays not considered suitable for scil
absorpticn systems. In addition, depth to bedrock is shallow across much of
the site and high ground water occurs locally. Therefore, septic tank and
soil apsorption systems are not recommended in this subdivisicn.
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Attachment 2,

Test Pit 1
g.0' - 2.7
2.7V = 4.7
4,7' - 7.8
Test Pit 2
0.0' - 1.5
1.6' - 5.9

Job No. Ww-7

rescent Heights Suodivision
Test Pit Logs*

Sandy fat clay; (CH), brown, about 30 percent angular fine sand,
soft consistency, high plasticity, dry, weak cementation; sand
consists of gypsum crystals that dissolve when water is added,
plant rcots.

Sandy fat clay; (CH), brown, about 30 percent angular fine sand,
hard consistency, high plasticity, dry, weak cementatiocn; sand
censists of gypsum crystals,

Fat clay; (CH), red-brown, very hard consistency, high
plasticity, dry, weak cementation; blcocky secondary soil
structure, gypsum veinlets, very high percentage of fine-grained
gypsum disseminated through the soil.

Fat clay with sand; (CH), brown, abcut 15 cercnt angular fine
sand, firm consistency, hign plasticity, ary, weak cementaticn;
sand consists of gypsum crystals that dissclve wnen water is
added, plant rocts.

Fat clay; (CH), brown, very hard consistency, nigh plasticity,
dry, weak cementation; high percentae of fine-grained gypsum
disseminated through soil.

Note. The lower clay unit in this test pit had such nigh dry strenth and was
sc hard that excavation was terminated due tc the very slcw progress being
made by the backhoe.

Test Pit 3

c.0' - 1.8!

2,8" - 3.4

Test Pit 1

0.0' - 4.7

Sandy lean clay; (CL), medium brown, about 35 percent angular
coarse sand, firm consitency, low to medium plasticity, dry weak
cementation; sand consists of gypsum crystals that dissclve when
water is added, plant rcots.

Fat clay with gravel; (CH), purple, apout 25 percent gravel,
hard consistency, medium plasticity, dry, residual scil
developed on shale bedrock.

8lack Powder Ranchetts Subdivision

rat clay; (CH), brown, hard consistency, hign olasticity, dry,
weak to moderate cementation; early stage II caliche
development, well developed columnar/olocky secondary scil
structure, abundent fine gygsum.
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4,70 -~ 6.5
6.5" -~ 7.6"
7.6" - 9.7
Test Pit 3
0.0' - 2.7
2.7" - 6,1

Note: Ground
plle indicate

cocntact.

Test Pit 7
0.0' - 1.8'
1.8' - 3.8
Test Pit 9
0.0" - 2.8
2.8'" - 5.3
5.3' - 3.2
Test Pit 2
0.0' - 1.8

Gypsum; light brown, fine grained, moderately indurated layer of
compact gypsum crystals in a clay matrix.

Fat clay; (CH), brown, hard consitency, high plasticity, dry,
weak tc moderate cementaticn; stage I caliche develcpment.

Shale; bedrock, variegated red-purple-green, highly weatnered.

Lean to fat clay; (CL/CH), brown, hard consistency, medium to
high plasticity, dry, weak to moderate cementaticn; stage I
caliche development, blocky secondary scil structure.

Clayey silt; (ML), green, soft to stiff consistency, low to
medium plasticity, dry to wet with depth; residual scil
develcoped on shale bedrock.

water encountered at 6.1 feet. Pieces of shale on the spoil
that bedrock was enccuntered, but ground water obscures the

Lean clay with sand; (CL), brown, about 15 percent medium sand,
stiff to hard consistency, medium plasticity, dry, weakly
cemented; sand consists of gypsum crystals that dissclve when
water is added, blocky secondary soil structure.

Interbedded shale and sandy mudstone; bedrock, gray toc
olive-gray, highly to moderately weathered with depth.

Sandy lean clay; (CL), brown, stiff consistency, low plasticity,
dry, moderately cemented; sand consists mostly of gypsum
crystals that dissolve when water 1s added, blocky seccndary
scil structure.

Gypsum; light-brown, moderately indurated layer cf compact
gyosum crystals in clay matrix.

Mudstone; bedrock, brown to yellow-orown, moderately weatnered,
abundant gypsum,

Pleasant View Acres Subdivisicn

Silty sand; (SM), brown, about 70 percent fime sand and 30
percent silty finmes with low plasticity, dry.
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1.8" - 8.7
Note: Ground
pile indicate
contact.

Test Pit 5
0.0' - 0.5
0.5 - 2.9
2.9' - 6.3
Test Pit 7
0.0" - 2.3
2.3" - 3,9
3.9' - 8.5
Ncte: Test
test pit 7.
Test Pit 18
0.0' - 3.8!
3.8' - 6.0
6.0'" - 9.1

Fat clay; (CH), variegated purple-yellow-brown, hard
consistency, high plasticity, dry to wet with depth, weakly
cemented.

water encountered at 8.7 feet. Pieces of shale on the spoil
that bedrock was encountered, but ground water obscures the

Silty sand; (SM), brown, about 70 percent medium sand and 30
percent silty fines with low plasticity, dry.

Fat clay; (CH), variegated purple-green, hard consistency, nign
plasticity, dry, weakly cemented; residual scil developed cn
shale.

Shale with interbedded sandstone; bedrock, purple, moderately
weathered.

Silty sand; (SM), brown, about 60 percent medium sand and 40
percent silty fines with low plasticity, dry.

Fat clay; (CH), olive-green, stiff consistency, high plasticity,
dry, weakly cemented; residual soil develcped on shale.

Shale; bedrock, variegated purple-green, highly to moderately
weathered with depth,

pit 7a showed approximately the same profile as that exposed in

Pcorly graded sand; (SP), red-brown, 90 percent fine, subrcunded
tc rounded sand, dry, weakly cemented; discontinucus laysr of
stage II caliche,.

Fat clay, (CH), green, very hard consistency, high plasticity,
dry, weakly cemented; caliche stringers, well develcped columnar
secondary soil structure.

Lean to fat clay; (CL/CH), purple, stiff consistency, low to
medium plasticity, dry, weakly cemented.

*Soils classified in accordnace with prccedures cutlines in ASTM Standard D

2488-84.

Standard Practice for Description and Identificaticn of Scils

(Visual-Manual Procedure).
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Project:

Requesting Agency:

Suitability of calcium carbonate deposits near Wasatch Countv Health
Midway, Utah for installation of individual

wastewater disposal systems.

By: Date: County: Job No.:
H. Gill 12/4/85 Wasatch 77 -8
USGS Quadrangle:
Heber City (1168)
CF8o-=US7

PURPOSE AND SCOPE OF WORK

In response to a request from Mr. Phillip Wright, Wasatch County Health
Department, the Utah Geological and Mineral Survey has performed a geclogic
inspection of an area of extensive calcium carbonate deposits near Midway,
Utah. The purpose of the inspection was to evaluate geologic conditicns in
the area and assess their suitability for installation of individual
wastewater disposal systems (septic tanks and soil absorption fields).

The scope of the investigation included a review of available geclogic,
soil, and hydrologic information for the area, examination of stereo aerial
photographs, and review of 26 water/exploration well logs on file with the
Utah Division of Water Rights. Two days were spent in the field mapping and
checking geologic rslationships, inspecting road cuts, and lcgging an
excavation for a home and adjacent septic tank. Excavation of test oits and
borings was beyond the scope of the prcject.

LOCATION AND GENERAL DESCRIPTION

The Midway Hot Springs are located in and around the tcown of Midway, Utah,
in the northwest corner of Heber Valley (attachment 1). Two types of thermal
springs occur in the area: 1) pools that occupy craters in conical or
hemispherical mounds of calcium carbonate (known locally as "hot pots™), and
2) springs that flow from cracks or openings in the calcium carbonate (Kchler,
1979). The springs are surrounded by extensive deposits of calcium cartonate
that form a low terrace underlain by alluvium. The deposits, which cover an
area of approximately 4.5 square miles, are locally mors than 100 feet thick
(Kohler, 1979). Although the hot pots are not very active at present, they
are oy no means extinct. Calcium carbonate is still being deposited arcund
the corifice of the flowing springs.

GEOLOGY AND SOILS

The generalized geology of the area is shown in attachment 1 (Kohler,
1979). Midway Hot Springs are con the east flark of the Wasatch Mountains,
south of the east-west trending Uintah arch, and con the axis of the Park City
anticline. The Charleston thrust fault is the major structural feature to the
south. Folded and faulted Paleozoic and Mesozoic sedimentary rocks are found
in the Wasatch Range to the west, Tertiary intrusive stocks to the north, and
Tertiary volcanic rocks to the northeast (Konler, 1979).

3aker (1968) feels that meteoric water is heatesd at depth and returns to
the surface through fractures in the rocks. when rising minmeralized waters
near the surface, a drop in confining pressure causes a loss of dissclved
carbon dioxide and results in deposition of calcium carbonate. There are two
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types of calcium carbonate deposits: tufa, which is typically soft, spongy,
and porous; and travertine which is dense, crystalline, and laminar. Both
types are found in the study area. The tufa observed during the investigaticn
was soft, vesicular, buff to tan, and weathered to a dirty gray. Although
tufa is primarily found on or near the surface it has been described
throughout the total thickness of the calcium carbonate deposit (Konler,
1979). The travertine was moderate to very hard, massive, and tan to white.
Travertine is often found at depth but also occurs on or near the surface.
The carbonate deposits in the study area exhibit a complete range of
densities. Permeability is generally reflected by the density of the
depcsit. Vesicular tufa may have moderate to high permeability, while laminar
ravertine can pe impermeable. B8aker (1968) states that well logs in the area
show an older depocsit of calcium carbonate at depth overlain oy alluvium, ard
suggests that the hot pots have gone thrcough at least twc cycles cf activity.
Five of the 26 well logs reviewead showed pcssiblzs deeper deposits of calcium
carbcnate and alluvium., However, the quality of the lcgs is pocr and the
validity of interpretations made from them guestionable. The principal
orcblem is determining if the alluvial depcsits described are gravel deposits
or pieces of brcken travertine. In any case, the deeper alluvial depcsits are
well pelow the level at which individual wastewater dispcosal systems would pe
installed.

The U. S. Soil Conservation Service (SCS) has described the major scil
tyces found in asscciation with calcium carbonate as fcllows: 1) Cudahay
variant; poorly drained soils formed on beaches and terraces in mixed alluvium
over travertine (the SCS does not make a distinction between travertine and
tufa). The travertine is encourtered at a depth of about 26 inches below
moderately permeable soils. 2) Rock Land, travertine; expcsed travertime and
areas mantled with up to 5 inches of scil. 3) Spaa Series; well-drained scils
formed on terraces in alluvium and residuum from travertine depcsits.
Travertine is found in irregular masses at abocut 17 inches pelow moderately
oermeable soils. These soil types, and others mapped by the SCS nave oeen
used to develcp a map delineating depth to calcium carbcnate (attachment 2).
Depth catagories include 5 to 20 inches, 20 to 36 inches, and greater than 36
inches. Data from wells showing thickness of calcium carbonate deposits
(Kchler, 1979) have alsc been included on this map. Contacts between SCS scil
units are generally irregular and gradational and represent zcrnes cf
transiticn rather than distinct contacts. The soil/calcium carbcnate contacts
shown on attachment 2 are primarily those of the SCS, therefore, the same
cautions concerning the.accuracy of these contacts apply to this map.

HYDROLOGY

It is propcsed by Baker (1968), that the source of the water for the hot
octs and thermal springs is metecoric water that has descended along fractures
and solution cpenings to great depths, where it is neated and, under artesian
conditions, returns to the surface through fractures in the rock. Kchler
(1979) believes that the source is not so deep but that the metesoric water
enters the system tc the north of Midway where it is heated by shallow, young,
igrecus intrusives. The heated water then moves laterally along the Outch
Hollow and Pine Creek faults and in fractures in the Weber Quartzite and
underlying carbcnate rocks until it comes to the surface under artesian
pressure along minor faults at the north edge of the area and through
fractures along the crest of the Park City anticline. 1In elther case, the
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meteoric water returns to the surface under artesian pressure. Well lcgs and
SCS data show that shallow unconfined grcund water is alsc present in portions
of the study area. Mixing of the shallow ground water and the artesian water
has been documented by both Baker and Kohler. Althougn the shallow grcund
water cannot migrate downward against the artesian pressure, cnce the pressure
has stabalized at or near the surface, mixing can occur.

Using SCS data and field observations, a map has been prepared showing
depth to shallow ground water (attachment 3). The map shows shallow ground
water at depths of 10 to 20 inches, 20 to 40 inches, 40 tc 60 inches, and
greater than 60 inches below ground surface.

SUITABILITY FOR WASTEWATER DISPOSAL SYSTEMS

According to the SCS soil survey for the Heber Valley (Woodward and
others, 1976), soil conditicns in the study area generally present severe
limitations for individual wastewater disposal systems. Limitations are
primarily due to shallow ground water, near surface calcium carbonate
depcsits, or ooth. It is evident from drill logs, road cuts, and cther
excavaticns that calcium carbonate can be encountered at shallow depth
throughout the study area (attachment 2). The following soil leg was made in
a septic tanmk excavation near Warm Ditch Spring in the northern porticn cof tne
study area (located where the calcium carbonate deposit is 45' tnhick,
attachment 2). ‘

0.0' - 0.5 Tufa; yellow brown, loose, nonplastic, dry; able tc excavate
with hand pick and shovel.

0.5' - 2.2' Sand with silt (SM); tan, low density, ncnplastic, dry.

2.2' - 3.0" Tufa; light gray, medium dense, nonplastic, dry; low
permeability, excavated with backhce, however, drill ncles were
evident (possibly a jack hammer to break up tufa).

3.,0' - 3.9' Lean clay with sand (CL); light orown, firm, low plasticity,
moist; scme tufa in horizon.

3,9' - 5.5 Travertine; white, high density, nonplastic, dry; laminated,
impermeable; excavated with backhoe, however, drill holes were
evident (possibly a jack hammer to break up travertine),
excavation terminated at 5.5 feet.

The Utah Department of Health (UDH) regulations for individual wastewater
dispocsal systems require at least four feet of "suitable scil" above bedrock
or cther impervious strata. The UDH defines "suitable soil" as cone that: 1)
adequately disperses the desired effluent loading, 2) does not exnhibit
swelling or collapsing characteristics, 3) does not exhibit a fractured
pattern of underlying bedrock, 4) is not consolidated, cemented, induratea, or
plugged by a buildup of seccndary calcium carbcnate, and 5) acts as an
effective effluent filter. The travertine in thne last twc feet of the
excavation is impermeable and fcr purpcses of the UDH regulaticns would oe
considered bedrock or an impervicus strata. The scil oprofile presented atcve
is typical cf many exposures observed in the Midway Hct Springs area. Dense
impermeable travertine may be enccuntered at any depth, and cften four feet cf
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"suitable soil" is nct present. While vesicular tufa may be moderately
permeable (Baker, 1968) and capable of being included with scils suitable for
s0il apsorption systems, the more dense travertinme serves as an impermeablsz
parrier to effluent movement which could result in failure of the soil
absorption system.

It is evident from examinaticn of existing excavaticns and road cuts that
the soil horizons interbedded with the calcium carbonate deposits may not be
laterally continuous over large areas. Siting of individual wastewater
disposal systems would require a sufficient number of test pits to confirm the
presence of suitable soils across the proposed drain field site.

Areas of shallow ground water have been identified in the study area
(attachment 3). Effluent from wastewater dispcsal systems installed in these
locations may reach the shallow water table by verticle migraticn through
permeable tufa depcsits, or by lateral migration alcng dense, laminar
travertine deposits. There has been documented mixing of the shallow ground
water and meteoric waters in the area by Baker (1968) and Konler (1979).
Although there should be no danger of pollution entering the deep meteocric
system that supplies the hot springs (due to upward artesian pressure),
pcllution of the individual not pots and thermal springs is possible,

RECOMMENDAT IONS

The variable conditions found in the study area make it necessary to
assess wastewater disposal systems on a site by site basis. The fcllowing
recommendations are made to assist in that evaluation.

1) Very dense deposits of travertine are present in the study arsa and
should be treated as bedrock when characterizing a site for
individual wastewater disposal systems. More permeable deposits of
tufa are also present and where interbedded with cther suitable scil
units shculd prove acceptable ror use in soil absorption systems. A
complete range of densities exists between the tufa and travertine
and the following characteristics should be noted for identification.

a) Loose to low density, friable tufa is easily broken with a hand
pick, exhibits moderate to hign permeability, has visable pore
spaces, and is light weight. These deposits shculd be
acceptable for use in individual absorption systems.

b)  Medium dense, laminar tufa exhibits a complete range cf
hardness; from difficult to excavate with a hand pick to
requiring a backhoe for excavation. These depcsits also have a
wide range of permeabilities and may require a percolation test
tc qualify them as "suitable scil“.

c) Very dense, laminar travertine deposits are tcc difficult for a
packhoe to excavate and are impermeable. For purpcses cof the
UDH regulations these deposits shoula be ccnsidered bedrock. In
scme instarces, these dense deposits are nct thick and may oe
brocken tnrough. If this is the case, and thers 1s adeguate
"suitable soil™ beneath the norizon the site may be acceptable
for individual abscrptiocn systems.
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2)

3)

Suitable soils may be interbedded with deposits of tufa. Howaver, it
has been observed that the lateral continuity of the scil can seldom
be demcnstrated cver a large area. Test pits or drill holes shculd
be excavated to ensure that there is adequate arsa and volume of
suitable scil available for the size cof the abscrpticn field
required. It is recommended that at least three test pits cor drill
holes be made at each site, and mcre when the size of the drain field
requires it.

Both deep meteoric ground water and shallow ground water are present
in the study area. Baker (1968) and Kohler (1979) documented a
direct hydrologic connection petween shallow grcund water and
meteoric water in the hot pots and thermal springs. The less dense
vesicular tufa depcsits have mcderate to hign permeability and may
allow effluent to percolate vertically to the shallow water tacle.
Effluent may also migrate laterally along impervious travertire
deposits and reach the shallow water table if an area cof higher
permeability is intercepted. Therefore, areas of high grcund water
should be avoided whenever possible, and at a minimum Wasatch County
regulations requiring a 4-fcot separation from ground water snculd be
followed rather than the 2-foct separaticon in UHD regulaticns.

-219-



SELECTED REFERENCES

Baker, C. H., Jr., 1968, Thermal springs near Midway, Utah, in Geslogical

Survey Research 1968, chapter D: U. S. Geclogical Survey Professicnal
Paper 600-D, p. D63-D70.

Sromfield, C. S., Baker, A. A., and Crittenden, M. D., Jr., 1970, Geologic map
of the Heber Quadrangle, Wasatch and Summit Counties, Utan: U. S.
Geological Survey Geologic Quadrangle Map GQ-864, scale 1:24,000.

Bryan, Kirk, 1919, Classification of springs: Journal of Geclogy, v. 27, p.
522-561.

Collinson, J. D., and Thompson, D, B., 1982, Sedimentary structures: 3cston,
Gecrge Allen & Unwin, 194 p.

Franks, A. L., 1972, Geology for individual sewage disposal systems:
California Geology, Septemper 1972, p. 195 -~ 203,

Goode, H. D., 1978, Thermal waters of Utah: Utah Geological and Mineral
Survey Report of Investigation No. 129, 183 p,

Hem, J. D., Study and interpretation of the chemical characteristics cf
natural water: U. S. Geclogical Survey Water-Supply Paper 1473, 363 n,

Meinzer, 0. E., 1924, Origin of the thermal springs of Nevada, Utah, and
Southern Idahc: Journal of Geology, v. 32, p. 295-303.

Konler, J. F., 1979, Geology, characteristics, and resource potential of tne
low-temperature geothermal system near Midway, Wasatch County, Utan: Utah
Geological and Mineral Survey Report of Investigation No. 142, 45 p.

Milligan, J. H., Marsell, R. E., and Bagley, J. M., 1966, Mineralized springs
in Utah and their effect on manageable water supplies: {tah Water
Research Laboratory in cooperation with the Utah Water and Power Board
Report WG 23-6, n. 36.

Mundorff, J. C., 1970, Major thermal springs of Utah: Utah Geolcgical and
Mineral Survey Water-Resources Bulletin 13, 59 pn.

Wocdward, Lowell, Jensen, E. H., and Harvey, J. S., 1978, Soil survey cf the
Heber Valley area, Utah: U. S. Department of Agriculture Scil
Conservatlion Service, Forest Service, and Utah Agricultural £xperiment
Station, 124 p.

-220-



Attachment 1,

Job No. Ww-8
7—p" R3E R.4E < Mayflower
Ti 7, Mine Pzs
2 e
-~ r4]
| L D
Y
S
» Mzs {Tv
% \Pzs
C
z
m
]
Mzs

Qal
Qtu

Mzs '

Mzs

">
CHARLESTON
~ ;TUSTFAULT
|
EXPLANATION
Tufa deposits Tertiary intrusive rocks
Qal Stream gravel and valley fill Mzs Mesozoic sedimentary rocks
Qgm Glaciol deposits . ‘ Pzs
Ty

Tertiary volcanic rocks

/ Thrust foults

Paleozoic sedimentary rocks

p€s

Pracambrian sedimsntary rocks
/ Normal faults

X7
I S 2 3 4

plunge
5 Miies
| e — e an———————— arm——
Scals

0

Anticline showing

Generalized geologv and location map Midwav Hot Snrings area (after Xonler, 1079)
Utah Geological and Mineral Survey

~z21-

Site Investigation Section



Attachment 2, Job No. WW-8

»
O

aysem

Ty

9

R ] CXE

BAR4R

Ty

Depth to top of calcium carbonate deposit (after Woodward and others, 1976)

1. from 5 to 20 inches below ground surface

2. from 20 to 36 inches below ground surface

3. greater than 36 inches below ground suriace
¥

12

Thickness <f calcium carbonate deposit

m

3 3 3 - 3+ v f~atric g + 3
Utah Geolocical and Mineral Survey ite Investigation Section



= Lmmr
B Dl ot
Ve 4

WW-8

Job No.

2
~

[t
Surgi, 4

R

{

EORE .‘....A\Y

.
e ¥ e
- .

3

.
FrayErTyLINy=~
; 3 BN

B S R

SN

Attachment

Scale

1976)

(4

(after Woodward and others,

ground water
10 to 20 inches

Depth to shallow

rom
rom

£
£

—

inches

20 to 40
from 40 to 60 inches

3.

inches

4
P

greater than 60

Secticn

Investigation

Site

-223-

Survey

tah Geological and Mineral

U



GROUND WATER

-224-



Project: Requesting Agency:

Investigation of basement flooding at the Volner Depnt. of Business Regulation

residence 8806 South 1220 West, West Jordan, Utah

Date: County: Job No.:
H. Gill 3/29/85 Salt Lake 511
USGS Quadrangie:
Midvale (1172)
85-008

In response to a request from Mr. Dave Fairhurst, Lead Investigator for
the Department cf Business Regulatiocn, Division of Contractors, the Utah
Geological and Mineral Survey made an inspection at the home of Mr. Steven
Velner tc determine if basement flooding there was caused by shallow ground
water or by a broken water line. The investigation included a site
reconnaissance, a conversation with Mrs. Volner, and hand augering four test
holes arcund the home. Mr. Fairhurst was present during the field
investigation.

SITE LOCATION AND DESCRIPTION

The Volrer residence 1s at 8806 Scuth and 1220 West in West Jordan, Utan
(attachment 1). The house is in a relatively new subodivision with homes
immediately to the north and south, and an elementary school across the street
to the east. A horse ranch borders the property to the west. Tne area is
nearly flat with a very gentle 0.5 degree slope to the east. The hcme has a
half basement, with a finished grade about 18 inches belcw the ground surface.

BASEMENT FLOODING

According tc Mrs. Volner, the basement flooding is seascnal and occurs in
February or March. There 1s a pcssibility that flooding has occurred in other
months, but Mrs. Volner could not be certain. Water has also been cbserved in
the pasement after rain and sncw stcrms. The maximum duration of the flooding
not assoclated with individual storms was apprcximately four days, and the
depth of water was abcut 4 inches.

Nelghbors have told Mrs. Volner that there was standing water observed in
a basement excavaticn on their property. The water remained for guite some
time and complaints were made to the contractor by pecple ccncerned abcut
their children's safety. The Volners were also told that the first cwner of
the orcoperty traded lots when he cbserved the water in the excavaticn.
According to Mrs. Volrer, pecple in the area with full basements nave nad
flcoding problems. The closest of these is approximately 300 feet scuthwest
of the Volner property. As far as she knows, however, their residence is the
only home with a half basement that has experienced flooding.

During the investigation it was determined that the water main, sewer, and
storm drain are in the street in front and downslope (east) cof the house. In
additicn, the hcrse ranch immediately west and upgradient from the residence
has no underground water lines, nor was evidence of irrigaticn ncted cn the
property. The closest underground water lines to the west are approximately
500 feet away at 1300 West Street.
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An unpublished UGMS map titled "Depth to Wet Seascn Water Table Jordan
Valley" shnows the home is in an area where ground water varies from O tc 5
feet belcw the ground surface. Four hand augered test holes were dug to
determine the depth to shallow ground water in the vicinity of the home
(attachment 1). Ground water was encountered in all four holes at the
following depths (from hole 1 through 4, attachment 1): 2.4, 2.5, 2.8, and
2.3 feet., The slight variaticn in the surface elevaticn cf the water table
between holes reflects differences in ground elevation where the hcoles were
dug.

CONCLUSION

It is the cpinicn of the UGMS that the basement flccoding at the Vcolner

home is caused by shallow grcund water. Evidence supporting that conclusion
includes the following:

1) The basement flcoding is reoccurring and seascnal.

2) The nearest subsurface water lines on the upgradient (west) side of the
home are about 500 feet from the basement.

3) An unpublisned UGMS map showing the depth to shallcw grcund water in the
Jordon Valley indicates that the home is is an area where depth to water
varies from O tc 5 feet below the ground surface.

4) Shallow ground water, ranging from 2.3 to 2.8 feet below the ground
surface, was encountered in four test holes augered at varicus pcints
around the home during the field reconnaissance for this study.

In additiocn, infcrmaticn obtained frcm neighbors and transmitted tc Mrs.

Volner indicates that shallow ground water was observed in excavaticns con site
ocrior toc construction of the home.

References

Everitt, B. L., 1980, Depth tc wet season water tanle Jordan Valley, Utah:
Utah Geological and Minmeral Survey unpublished map, scale 1:60,000.

Seiler, R. L., and Waddell, K. M., 1984, Reccnnaissance cf the

shallow-unconfined aquifer in Salt Lake Valley, Utah: U.S. Geological
Survey Water-Resources Investigations Report 83-4272, 34 p.

-226-



Araodoaq asurop dey uotizevdo (eisuon

A58M 0CT1

No. GW-1

Job

Attachment 1,

3Tens 031 10N

e — A - ~———

20Uy

Ajaadoad xoutop

Juswaseq jTey

®

4 aousajg

—

Ayasdoad asaoy

ISOM Q0€T

8800 South

nvestiga

Site

gation Section

-
P

Utah Geological and Mineral Survev



Project: Requesting Agency:

Preliminary evaluation of high ground-water Tooele Countv Health Dent.

conditicns in Erda, Tooele County, Utah

Date: County: Job No.:
W.R. Lund 4/16/85 Tooele S EN)

USGS Quadrangle:

Tooele (1175);:; Mills Junction (1216)

85-011

This report presents the results of a preliminary investigation oy the
Utah Geolcgical and Minmeral Survey intc the occurrence of nigh ground water in
Erda, Tocele County, Utah (attachment 1). A large number of bpasements in Erda
have been flooded this spring by shallcw ground water. The investigation was
requested by the Tocele County Health Department tecause of concerns that
discharge frcm the Tocele City wastewater treatment plant may e contributing
to the flooding prcblem. The investigaticn was dome at a reccrnaissance level
and consisted of a review of available geclogic and hydrolcgic literature, a
field visit tc the treatment plant and area affected by flocding, and
discussicns with county officials, local residents, and U.S. Geolcgical Survey
perscnrel. Mr. Myron Bateman, Tooele Ccunty Envircnmental Health Supervisor,
and Mr. Relg Russell, Tocele County Commissicner, were present during tne
field visit.

SETTING

Erda is abcut 4 miles north of Tocele near the north end of Tocele
Valley. The valley 1s bounded by Great Salt Lake cn the north, the Oguirr
Mountains on the east, and the Stansbury Mountains on the west (attachment
1). Scuth Mountain, a low transverse divide, and Stocktcn Bar, a large sand
Dar depcsited in Pleistocene Lake Bonneville, separate Tccela Valley from Rush
Valley to the south. The valley enccmpasses approximately 250 sguare miles,
but the total watersned, including the mountains that drain intc the valley is
about 400 sguar= miles. Ephemeral and persnnial streams discharge
approximately 17,000 acre-feet per year from the mountains bordering Tccele
Valley (Razem and Steiger, 198l1). Perennial streams are in Middle and
Settlement Canycns in the Oquirrh Mcuntains, and in Davenpcrt, North and Scuth
Willow, and Box Elder Canycns in the Stansbury Mountains., The streams in
Middle and Settlement Canyons are diverted and/cr stcored for irrigation, ard
flow in their lower reaches only in response to pericds of heavy runcff.

Most of the homes with basement flooding in Erda are located alecng the
Grantsville-Erda rcad. The elevation at Erda is approximately 4350 feet and
Tcoele is at about 5000 feet., The wastewater treatment plant is at the
northwest edge of Tcoele at an elevation of 4980 feet. The ground surface
between Tcocele and Erda slopes to the ncrthwest at a gentle 1 tc Z percent
grade. The Great Salt Lake is 5 miles ncrth of £rda at an elevation of
approximately 4210 feet.

GEOLOGY

The Oguirrh Mountains and Scuth Mountain are comprised chiefly cf the
Oguirrh Formation of Mississippian age. This unit consists primarily cf
alternating quartzite and limestone beds. Several formaticns crop out in the
Stansbury Mountains, the most promiment being the Oguirrh Formaticn and tne
Tintic Quartzite of Cambrian age. The rocks in all three mguntain ranges nave
been extensively fclded and faulted. -273-




Tocele Valley is underlain by a thick sequence (greater than 1000 feet in
some areas) of unconsclidated and semiconsclidated sediments cof Quatermary and
Tertiary age. The fill consists of interbedded clay, sand, and gravel
deposited in a complex sedimentary pattern (Razem and Steiger, 198l). Tnis
complexity is reflected in the surface geclogy of the valley which includes
alluvial fans along the valley margins, coarse-grained near-shcre Lake
Bonmeville deposits, fine-grained lake bcttom silt and clay with lesser
deposits of sand and gravel at temporary lake shorelines, and stream alluvium
(Tooker, 1980). The U.S. Geological Survey was nct able to trace individual
horizcns for long distances in the subsurface, however, the valley fill is
generally finer-grained below a depth of 800 to 900 feet. This change may
mark the tcp of sediments of Tertiary age (Razem and Steiger, 1981).

HYDROLOGY

Ground water in Tocele Valley occurs in consclidated rccks in the
mountains and in the unconsclidated valley fill. Little is knocwn abcut the
pedrock aquifers because mcst grcund water is withdrawn from the valley-fill
depocsits. The consclidated rccks are important to the valley's hydrclegic
system, nhowever, dDecause they serve as a scurce of recharge tc the fill.
Although few wells cbtain water frcm bedrock, discharge from mine turnels
shows that large quantities of water exist in the mountains. Most cof this
water probably finds its way intc the valley fill, either tnrcugh subsurface
flow along the valley margin cor by upward leakage in the valley (Razem and
Steiger, 1981).

Ground water cccurs under unconfined (water table) and confined {artesian)
conditions in the unconsclidated valley fill. Water-table conditicns exist
where ground water has free access tc the atmosphere thcugh interccnected
volds in the sediment. Artesian conditions develcp where relatively
impermeabls layers, usually clay or silt, separate the aguifer from access to
the atmosphere. Mcre than one artesian aguifer prcbably exists in the £rda
area. These aquifers are mcstly ccocmprised cf thick depcsits of coarse
well-scrted gravel (Razem and Steiger, 198l). Recharge tc the artesian
aquifers is principally by subsurface flcow from consclidated rocks in the
mountains and by lateral movement from adjoining water-table aguifers near the
mountains. Subsurface flow from rock aquifers in the Oguirrh Mountains
probably accounts for the largest percentage cof total recharge to artesian
aquifers in the Erda area. A recently released repcrt by the U.S. Geolcgical
Survey (Arncw, 1985) shows that the maximum measured water-level rise in Utan
frocm March 1984 to March 1985 (standard reccrding year) was 45.95 feet in tne
artesian aquifer northeast of Erda. Other wells in the vicinity of Erda
showed rises greater than 15 feet, continuing a pattern of gemerally
incriasing artesian water levels in the area extending back tc 1980 (Steiger,
1981).

Ground water cccurs under water-table ccnditicns in the uncconsolidatad
valley fill near tre mountains and in the northern part of Toceles Vallsy
{(Razem and Steiger, 198l). The water-table aquifers adjacent tc the mcuntains
are hundreds of feet deep, and merge odaisnward with artesian aquifers tcoward
the center of the valley. The water-table aguifer in the northern part of the
valley occupies about the upper 50 feet of tne valley fill, and water levals
range from the land surface down tc several tens of feet. A principle scurce
of recharge to the shallow water table is upward leakage frcm the underlying
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artesian aguifers (Razem and Steiger, 198l1). Other sources include
infiltration of precipitation that falls directly on the shallow aquifer,
seepage of water discharging from springs, and infiltration of excess
irrigation and runoff water.

The following table shows annual precipitation at Tooele from 1978 through
March 1985, and the cumulative departure from the 30-year norm.

Annual Precipitation Departure from Normal

Year (inches) (inches) Percent Normal
1978 19.99 + 3.68 122
1979 11.10 - 5.21 68
1980 19.79 + 3.48 121
1981 19.13 + 2.82 117
1982 25.37 + 9.06 156
1983 28.32 +12.08 174
1984 27.44 +11.13 168
1985 6.25% + 2.17 153

*Based on l/4-year record

Since 1978, the total departure from normal has been +39.3 inches or 2.4 times
the 1941 to 1970 thirty-year average of 16.31 inches. The 1982-1985 departure
is 34,53 inches, more than twice the thirty-year norm. This indicates that in
the 3 1/4-years since January 1982 the Tooele/Erda area has experienced the
equivalent of five years of "normal precipitation.”" The result has been a
dramatic increase in both the hydrostatic head of the artesian aquifer and the
level of the shallow water table. An increase in the hydrostatic pressure of
the artesian system would produce a corresponding increase in upward leakage
to the shallow aguifer. In addition, greater than normal recharge would
result from direct infiltration of precipitation and the excess runoff
directed toward and through Erda from upslope areas during the last three
years. Additional sources of water that contribute to the shallow water
table, but which are believed to have remained relatively constant over time
and are now a proportionately smaller percentage of total recharge, include
discharge from septic tank and soil absorption systems, infiltration of
irrigation water, and infiltration of water discharged from the Tooele City
wastewater treatment plant. These sources represent a more or less constant
background level of recharge and the actual amount of water contributed by
each is thought to be small when compared to the increased recharge resulting
from excess precipitation.

CONCLUSIONS AND RECOMMENDATIONS

The results of this preliminary study indicate the following regarding
ground water in the Erda area:

1. Ground water occurs under both artesian and water-table conditions.
2. MWater levels in the artesian aquifer have risen steadily since 1980, and

between March 1984 and March 1985 increases in hydrostatic head of between
15 and 45 feet were recorded.
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3. Recharge tc the shallow unconfined aquifer ccmes chiefly from upward
leakage from deeper artesian systems, direct precipitaticn on the shallow
aquifer, and infiltration of surface water.

4. During six of the last seven years the Tocele/Erda area has reccrded
greater than normal precipitation, and the past three years have produced
the equivalent of more than two years extra precipitation.

5. FErda is at a lcw elevaticn relative to the rest of Tooele Valley and
greater than normal amounts cof surface runcff have been directed toward
and through the town during the previous two years.,

6. Other sources of recharge tc the shallow unconfined aguifer include septic
tank and soil abscrption systems, infiltraticn of irrigation water, and
discharge from Tcocele City's wastewater treatment plant. Tnese scurces
are believed to have remained relatively constant or decreased (sprinkler
irrigaticn replacing flood irrigation) over time.

Based on the above information, it is concluded that high ground-water
conditions in Erda are a respcnse to a sustained pattern of greater than
normal precipitaticn for the previcus six years and particularly the last
three years. The contribution from the wastewater treatment plant 1s ocelisved
to be small and, because of increased recharged frcm heavy precipitaticn, tc
actually represent a proporticnately smaller amcunt cof the tctal recharge than
in the past. It shculd be expected that even if "nocrmal" precipitaticn
patterns return, it may take scme time (two to three seascns) for the shallcw
water table to drop significantly.

Determining the amcunt of water contributed to the shallow aquifer inm Erda
from all potential sources of recharge would require a detailed and costly
study peycnd the scope of this recomnaissance investigation. Evaluaticn of
the contripution from the wastewater treatment plant alcne would oce difficult
and conclusive results may not pe obtainable. If tne parties invclved (city,
county, and lccal residents) determinme that further investigaticn is
justified, the following are reccmmended:

1. Accurately map the wastewater drainage channel including all nossible
diversion pathways. Mcnitcr wnich pathways are used and for now long on a
daily basis. Simultaneously monitor pumping rates from selected flccded
basements tc determine if a correlation exists between use cf the varicus
pathways and rate of pumping. Care must be taken to identify cther
scurces of short-term recharge or changes in the ground-water regime (i.e.
precipitaticn cr installation cf a drain) that cculd effect pumping rates
during the mcnitoring pericd.

2. Monitor wastewater discharge at the treatment plant, at the culvert
beneath State Route 112, and near the termini of the cther diversicn
tathways. Differences in flcw rates between the treatment plant and tne
other monitoring points will give an indication ¢f the vclume of water
lost tc infiltration alcng the drainage channel.

3. Compare the chemistry of the wastewater as discharged from the treatment

plant with that of the ground water flcoding the basements tc sese if
diagnostic similarities exist between them.
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4. Dye the wastewater discharge and monitor for the appearance of the dye in
the flooded basements. The prospect for a successful test is considered
low because cf the distances involved (2-4 miles), the prcbable length of
time required for the dye tc reach the shallcw water tanle and migrate to
the basements, and the limited life expectancy of the dye once in the
subsurface. Under such circumstances, the appearance of the dye would
represent a positive test, but an absence of dye would not prove the
absence of recharge.

5. Installation of monitoring well strings (3 tc 5 wells each) across the
wastewater drainage channel at several lcocations. The shallow water table
could then be profiled tc determine if infiltraticn has created a
ground-water mound along the channel. If sites are carefully selected,
the wells could also be used to mcnitor increases or decreases in the
shallow water table downslcpe frcom the drainage channel as water is turned
intoc or out of varicus diversion pathways.

6. Installaticn of shallow monitcring wells on widely spaced centers (l/4 tc
1/2 mile) between the wastewater treatment plant and Erda tc determime the
precise directicn of ground-water flcw in the shallcw aquifer. In
conjuncticn with the monitcring-well prcogram, aquifer tests shculd e run
tc determine the permeability ccefficient and transmissivity cf the
water-table aquifer. Thcose values would give an indication of how fast
the ground water is moving and the time required for wastewater tc reach
Erda.

The data cbtained from the prcgram outlined abcve shculd give a reascnanle
estimate of rTecharge to the shallcw unconfined aquifer from infiltraticn of
wastewater. Since recharge from that source is thought to be small, the
focllowing immediate steps are reccmmended tc reduce basement floocding in Erda.

1. Divert surface runcff away from Erda. The large volume cf surface water
channeled toward Erda during the previcus two years represents a major
scurce of recharge to the shallcw water table which shculd be kept away
from town. Wastewater from the treatment plant should be routed through
the drainage channel configuraticn that keeps it as far from Zrda as
possible.

2. Surface drainage should be improved in Erda tc prevent ponding and to
carry surface runcff away from town as quickly as possible.

3. Sources of water in Erda that may be contributing to recharge (flowing

artesian wells, springs, leaking irrigation systems, etc.) shculd be
identified and controlled.

Although it is expected that the abcve measures will nelp contrcl shallcw
ground water, they will ncot affect upward leakage from artesian aquifers. for
that reason, ccnsideration should be given to installing subsurface drains or
a series of shallcw high-volume pump wells tc remove ground water from areas
subject to basement flocding. Gravity drains are considersd supericr tc pump
wells because, when designed prcoerly, they are relatively maintenance free
and do not require a source of electricity, making them less ccstly and mcre
reliable cver the long term.
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USGS Quadrangie:

Altamont (1077)

#85-038
PURPOSE AND SCOPE

This investigation was conducted at the reguest of Mike Gecrgescn, Utah
Health Department, Bureau of Public Water Supplies, for a culinary water well
owned by the Town of Altamont in Duchesne County, Utah. The purpose cf the
study was to determine if two cil wells being drilled within 3,000 feet of the
water well had adversely affected the aguifer from which water was being
withdrawn, causing the well tc dry up.

The scope of work for this investigation included a literature review and
a field reccnnaissance cn Novemper 15, 1985. No subsurface exploration was
performed. This report, one of three to oe complated, is concerned witn
geclogy and how it pertains tc aquifer characteristics. The remaining reports
are being prepared by the Bureau of Public Water Supplies and the Division cf
0il, Gas, and Mining. They will cover engineering and oil well drilling
aspects of the investigation.

BACKGROUND

In October, 198l a culinary water well was completed for Altamont, Utan.
The well is located in the NW 1/4 NW 1/4 sec. 36, T. 1 S., R. 4 W,, Uinta
3aseline and Meridian (attachment 1). Tne well is one of four owned by
Altamont and was completed in a deep, confired, bedrock aquifer. The other
three wells tap a shallow unconfined, unconsolidated aquifer. The well in
question is one of two used regularly tc meet water system demands.

On Septemper 12, 1985 the well failed because the water level dropped
below the submersible pump (460 feet). As of November 15, 1985, the water
level had not risen above the pump. Records indicate the last time the pump
operated was September 11, 1985, 13 hours prior to failure. Reccrds also show
the well had been pumping almost contimuously during the previcus week because
the primary well in the system had inadvertently been shut off.

GENERAL GEOLOGY AND HYDROLOGY

The Town of Altamcnt is in the northern Uinta Basin in the Coloradc
Plateau physicgraphic province. The town is situated on Pleistocene glacial
cutwash depcsits consisting of unccnsolidated sand, gravel, ccbbles, and
bculders (Stokes and Madsen, 1961). The glacial deposits overlie the Tertiary
Duchesne River Formation which crops out less than a half mile north of town
and also in cliffs formed by downcutting of the Lake Fork River a mile west cf
town., The Duchesne River Formation ccnsists of interbedded sandstone and
shale that is slightly to strongly jointed (Hocd, 1976). Underlying the
Duchesne River Formation is the Tertiary Uinta Formaticn consisting of
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calcarecus shale with scme limestcne, claystone, siltstone, and sandstcne
(Hood, 1976). The Uinta Formation is not expcsed in the immediate Altamont
area, but does crop out approximately six miles to the scutheast, alcng tne
Lake Fork River,

Aquifers in the northern Uinta Basin are unconfined, perched, or confined
(Hood and Fields, 1978). Pleistccene unconsclidated glacial cutwash and
alluvium contain unconfined ground water that comprises the most prolific
aquifer in the northern basin (Hocd, 1978; and Hood and Fields, 1978)., The
unconfined aquifer was the sole scurce of ground water tc Altamont pricr to
drilling the deep well in 198l. The Tertiary Duchesne River and Uinta
Formations, in which the deep well was completed, combine tc form cne oedrock
aquifer because of shared nydrclogic and lithologic charcteristics (Hocd,
1976). Sandstones in these two formations have low pDermeabilities, witnh much
of the water yield ccming from joints (Hocd, 1976). This aquifer is ccnfined
in the vicinity of Altamcmt.

Recharge to octh the unconfined Pleistccene and confined Tertiary aqguifers
comes from the northwest (Hocd and Fields, 1978). Most recharge cccurs during
spring snowmelt; additional recharge occurs along stream valleys, frcm unlined
canals, and from irrigation in the summer (Hocd ana Fields, 1978).

WELL CHARACTERISTICS

Altamont's deep well was drilled into the Duchesne River Formation to a
depth of 625 feet. The lé-inch well was lined with 10-inch well casing
perforated from 140 to 500 feet. The upper 120 feet was grouted to seal off
the unconfined aquifer, which extends to a depth of 85 feet. The water level
in the well after completicn rose to 91 feet, indicating the bedrcck aquifer
is artesian. A pump test produced 369 feet of drawdown at a pumping rate of
230 gallons per minute (gpm).

DISCUSSION

Two oil wells were drilled in the vicinity of Altamont during the summer
and fall of 1985, Well number 1 (attachment 1) is approximately 1,300 feet
south of Altamont's deep culinary well and was cased to a depth of 5,000
feet. This well began producing cil in October, 1985. Well number 2
(attachment 1) is less than 3,000 feet northwest of the water well, was cased
to 3,000 feet, and was still being drilled on November 15, 1985. B8cth wells
were rotary drilled. The oll reservoir is thousands of feet below the surface
and drilling and pumping operations, if done properly, should not affect
ground water in shallower aquifers. Alan Nelson of the Utah Divisicn of Water
Rights (persomal comm., November 15, 1985) reported he was informed by both
drilling companies that formation water was not returned to the surface during
drilling and completion of well number 1, and none had returned to date during
drilling of well number 2. Neitner cil well had been completed at the time of
~he Altamont well failure and, therefore, lcowering of the pctentiometric
surface of the Tertiary aquifer wcuid have nad to cccur during drilling. If
alan Nelscn's information is correct, nc additional water was discharged tc
the surface during drilling, and therefore, water cculd only have drained ts a
lower acuifer. This is doubtful because increased artesian pressures and
saturated conditions would prevent the downward flow of water. According to
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Hood (1976), the permeability of the Tertiary aquifer is such that
uncontrolled flow from wells creates large declines in the pctenticmetric
surface and prolonged pumping of large-yield wells can cause drawdown the

ef fects of which extend for miles. Therefore, if one or coth of the cil wells
had returned substantial quantities of formation water to the surface, it is
conceivable that the potentiometric surface for the Tertiary aquifer coculd
have been lowered over a distance that would include the Altamont well,
causing it to go dry.

A second possibility suggests that the prclonged pumging of the Altamont
well at substantial rates (180 tc 200 gpm) the week prior to failure lowered
the potentiometric head significantly or dewatered the aquifer in the vicinity
of the well. Where the Tertiary agquifer is dewatered by pumping, the
sandstones only have an estimated specific yield cf abcut 1 percent (Hccd,
1976). If prolonged pumping caused dewatering, collapse of aquifer fractures
may have cccurred, slcwing cor precluding recharge.

CONCLUSIONS AND RECOMMENDATIONS

The cause of the Altamcnt culinary well failure is not kncown., It nhas deen
suggested that cne or bcth of the cil wells recently drilled within a 3,000
foot radius cof the well may be the cause; hcwever, there is no geclsgic
evidence ts suppocrt this conclusicn, and it appears unlikely. A4 second
theory suggests excessive pumping the week prior tc failure may nave dewatered
and reduced the permeability of the aguifer in the vicinity of the well. ic
other water wells have peen drilled in this aguifer in tne vicinity cf
Altamont. Therefcore, the data or the conditions necessary tc ccllect the data
tc test cr confirm this thecry is not available. A study to determine the
cause of the failure wculd involve drilling piezometer holes and ccnducting
aquifer tests. Such a study would be expensive and probacly exceed the ccst
of developing an alternate water source. Deepening or fracing tne dry well
may be a possipbility, but additional information on the aquifer is reguired
before specific recommendations can be made. It is understoccd that Altamont
is pursuing an alternate source of water. If this is the case, it is
recommended that any new wells be completed in the shallcow, unconfined
aquifer. Furthermore, it is recommended that the present deep well ce
monitored at regular intervals to determine if recovery, especially during the
optimum recharge pericd, is occurring.

REFERENCES CITED
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PURPOSE AND SCOPE

At the request of B8en Everitt, chief geolcgist for the Utah Divisicn of
Water Resources (DWR), an investigaticn of numerous clastic dikes and a
lenticular sand body in the spillway cut for the Smith and Morehcuse Dam was
performed. The purpose of this investigation was to determine the corigin of
these features. The dam is under constructicn by the OWR and will replace and
enlarge an old dam near the mouth of Smith and Morehouse Canyon, a southern
tributary to the Weber River in Summit County aocut 12 miles east of Oakley
(attachment 1). The spillway excavaticn is at the right abutment which nas
been identified as a possible landslide consisting chiefly cf Mississippian-
age limestone. The site was visited on November 30 and Oecember 7, 1284, and
January 15, 1985, as the spillway was being excavated. One dike was observed
cn November 30, but none were exposed on subseguent visits. Tne lenticular
sand body was cbserved on January 15, 1985. Samples of dike material supplied
by Ben Everitt were also studied. ©Ouring all site visits, the ground surface
was covered with snow and the only exposure was on the east face cf the
spillway excavation.

DESCRIPTION

Many pedrock joints in the excavation exhibit thin (less than 1/16 incn)
fillings of red clay and silt. These are easily recognized otecause cf tne
color contrast with the gray limestone bedrock. In addition to these thin
ccatings, clastic dikes commonly several inches thick filled with tedded sand,
silt, and clay are present. A lenticular sand body abcut 2 feet thick, 5-6
feet wide and of unknown extent (perpendicular to the cut) is also present
within the limestone. Material in the dikas and sand body is chiefly
non-indurated sand and is similar in color to the most recent glacial deposits
in the area. Field observations, descriptions of the phenomena by Ben
Everitt, and study of samples have revealed the following pertiment data. The
dikes: 1) range up to several inches thick and appear tc fill cpen joints, 2)
are variable in attitude, width, and trend, 3) are ccmposed of water-wasned
sediment which exhibits bedding parallel tc joint walls with graded bedding
both inward and cutward from the center to the walls, 4) range in compcsiticn
from red clay and silt tc red, well-rounded, fine-tc coarse-grained sand with
angular limestone clasts, probably derived from joint walls, 5) locally
exhibit polish on joint walls indicative of movement, 6) exhibit bedding
irregularities and are "brecciated" with angular inclusions of clay beds in
sand teds, and 7) extend to a depth of abcut 20-30 feet belcow the tcp of the
cut. The actual depth below the surface is nct known Decause the spillway
excavaticn is being made intc a pre-existing slcpe and the thickness cof
material remcved is unkncwn.
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The lenticular sand body contains finme-tc ccarse-grained sand with a basal
coarse sand-fine gravel bed. Grain size decreases upward, and upper oeds
consist of fime-grained sand. The body is nct ccnnected to any cbserved
clastic dike. Shearing is evident along the up-valley contact of the sand
body, and beds are alsc truncated at the down-valley contact. Apparent '"cross
bedding" in the sand body shows inverse truncaticn (overlying beds truncated
by underlying beds), indicating that the contact between "cross beds" may also
be a shear plane.

ORIGIN

Possible origins of the clastic dikes include: 1) injecticn of sediment
and water during liquefaction, landsliding, cor glacial lcading, 2)
incorporation of unconsolidated surficial deposits intc a slide mass during
movement, 3) weathering of primary sandstcne layers interbedded with the
limestone, and 4) washing cf sediment from above into joints cpened through
landsliding, sclution, weathering, stress relief in rocck following valley
erosicn, glacial action, and/cr frost-wedging (Selby, 1982; Eyles, 1983; Dyke,
1984).

Liguefiable sands have been expcsed in the keyway excavaticn for the dam,
and a possible buried sand boil was uncovered in a trench near the left
abutment (B. Everitt, oral commun., November 30, 1984). 1In at least cne case,
sand deposits underlie rock. A drill hcle through a limestcne cutcrop
containing a clastic dike in the valley bottom alcng the west side of tne
spillway encountered sand beneath limestone, indicating a prcooable slide block
that had overridden valley-bcttcom depcsits (Palmer wilding Ccnsulting
Engineers, 1982, 1983). Hcowever, nc sand has been encountered beneath
limestone in drill hcles in the right abutment (east side cof tne spillway),
and clastic dikes dc not appear to extend belcow depths of 20-30 feet.
Injection of these dikes through liguefaction cf urderlying material is thus
unlikely. Injection laterally cr from above during glacial lcading is
possible. However, the stratification and scrting in dikes is nct typical =f
that expected when till is injected into a crack. Thus, it is considered
unlikely that many of these dikes are the result of injectiocn.

Ancther possible origin ¢f the dikes is through inccrperaticn ¢f surficial
deposits along slide planes and within a slide mass during landsliding.
Polished surfaces alcng joints filled with sand indicate that mcvement cf
bedrock has cccurred, althcough the polish prcobably predates depcsition of the
sand. Scme deformation of sediment in joints has coccurred follcwing
deposition, as indicated by shear planes and truncaticn of beds in the
lenticular sand body and disruption of bedding and "brecciation™ in scme
dikes., However, bedding in many dikes is not affected and primary
depositional features such as graded bedding cannot be explaired py
landsliding. Sliding may have occurred befcre, during, and after depesiticn
of the sand, but it was nct a primary mode of emplacement.

The possibility that the dikes and sand body are weathered sandstcne
interbeds within the limestone is nct likely. Sandstcone is present in the
stratigraphic sequence exposed in the spillway cut, but is yellcw and strcngly
indurated. In contrast, the material in the dikss and in the lenticular sand
Jody is red, includes clay and rounded limestone clasts, and is lcose tc
weakly indurated. The dikes are also found cross cutting btedding in the
limestone bedrcck. 243



Probably the most likely origin of the clastic dikes is washing cf
materials into cpen joints, sclution cavities, or landslide cracks in
nedrock. Similar dikes in unconsclidated materials in eastern Washington nave
been extensively studied and attributed by most authcrs tc downward flow of
water and sediment intc open cracks (Carson and others, 1978). Lupher (1944,
n. 1447, 1451) noted that bedding parallel to fissure walls was commen in
dikes with dips of 20 to 30 degrees or less. Scme of the dikes cpserved with
this type of bedding at the Smith and Morehcuse site dip less than 30 degrees,
and may be of similar origin. In the eastern Washington study, bedding in
steeply dipping dikes was generally inclined at near the angle cof repcse,
dipping from the foctwall toward the hanging wall (Lupher, 1944). Althcugh
near vertical dikes cccur at the Smith and Morehcuse site, this type of
bedding has not been cbserved (B. Everitt, cral commun., January, 1935).
However, bedding parallel to fissure walls has been found in steeply dipping
dikes in eastern Washington and is attributed tc fissurss which cpened and
filled pericdically or cpened continuously and filled pericdically. A similar
process may account for bedding in vertical dikes at the Smith and Mcrencuse
site.

Although clastic dikes cculd not be traced tc the surface, the sand is
similar to nearby Quaternary glacial and fluvial depcsits. Sands show
evidence of fluvial transpcrt in the degree of sorting and size and roundness
of grains. During the last glaciaticn, ice filled the valley to a level abcve
the highest dike (Mcntgomery, 1977), and flow in supbglacial or ice-marginal
channels cculd have provided the infiltrating water and sediment. Scme
washing cf sediment intc hillside cracks may have continued in post-glacial
times. The red silt and clay fillings found in many joints 1in the excavaticn
alsc indicate deposition of suspended sediment from infiltrating grourd
water. The lenticular sand bocdy prebably represents depcositicn in a2 void cor
soluticn cavity, although the condult for sediment and water is nct expocsed.
It may be removed, still buried, or truncated by pcst-depcsiticnal movement.

AGE AND DEFORMATION

Age relationships between clastic dikes, glacial deposits, and pcssible
landsliding are not clear. The location of the dikes in rock abcve the valley
floor, the similarity of dike material tc glacial depcsits in the canyon, and
the likely source of sediment and water during times when glacial ice buried
the hillslope indicate that the dikes probably date at least tc the last
jlaciaticn. However, nc datable material has been found in the dikes.

The dikes and sand body exhibit internal deformation, bedding
irregularity, and in ore case, shearing which appears tc extend intc
surrounding rock. Internal deformaticon in the form cf "brecciaticn" cof clay
beds, resulting in angular blocks of bedded clay being immersed in sand, and
shearing tranverse tc jolnt walls and bedding is evident in scme dikes. This
may be in part caused by excavaticn activities, because most dikes were
observed on the floor cf the cut following blasting and scraping (8. Everitt,
oral commun., January, 1985). Many dikes lccally exhipit irregular sedding,
however, and this may e due in part to turbulent flcw in cracks, depcsiticn
in irregular cracks, and/cr ercsiomal cut and fill during depcsiticn.
Comoressional defcrmaticn may alsc account for scme of the irregularity.
fvidence for compressicnal deformaticn in clastic dikes elsewnere is common
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(Jerkins, 1925; Lupher, 1944), particularly in cracks which may open and close
in respcnse to landsliding, frost-wedging, or locading and unlcading by glacial
ice.

However, socme of the pcst-depositional deformaticn, particularly shearing
of the sand body, appears related to larger-scale movements. Although hignly
fractured, the material in the right abutment is nct extensively brecciated.
In places, the rock exhibits bedding consistent with local and the regional
structure (8. Everitt, oral commun., January, 1985). Blasting is required to
locsen the material for excavation, and if this material is landslide debris,
it appears relatively intact. Discrete offsets in bedrock layers are apparent
in many places where bedding is visible, althcugh it is unclear whether these
are primary tectcnic features or are landsiide-related. Similarly, the shears
in the sand body wnich extend intc the rock may be tectonic, landslide-
related, or may represent renewed movement alocng old tectonic shears during
slcpe movement.

CONCLUSION

The clastic dikes exposed in the spillway excavation at Smith and
Morehcuse Dam are most likely the result of washing of sediment intc cpen
joints in underlying rock. Joints may have opened continucusly or
incrementaily by landsliding, scluticn, weathering, stress relief in rock
following valley ercsion, glacial action, and/cor frost-wedging. Such a
mechanism may account for bedding parallel tc joint walls in vertical dikes.
Bedding that has developed parallel to joint walls in near horizontal dikes
probably represents a primary depositiocnal feature. Irregularities in bedding
may be caused by turbulent flow in cracks, irregular joint walls, piping and
ercsion following deposition, or deformation from continued movement (opening
or closing) of the joinmt. The lenticular sand body is probably the result cf
depcsiticn in a sclution channel or cavity within the limestone. It is
prcbable that these features date back tc at least the last glaciation,
although their age and the age and cause of post-depositicnal defcrmaticn are
not certain.
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Project: Requesting Agency:

Richfield, Utah Earthguake Information for a Sevier Valley Hosoital
proposed disaster response scenario

Date: County: Job No.:
W. Case 2/22/85 Sevier GH-

o

USGS Quadrangle:

Richfield SE (599)

85-004
RICHFIELD EARTHQUAKE INFORMATION

INTRODUCTION

The following memorandum was prepared in respcnse tc a reguest for
informaticn by Carlos Madsen, Hospital Administrator Sevier Valley Hospital,
Richfield, Utah. Mr. Madsen requested information concerning the earthquake
hazards of the Richfield area for emergency response planning.

BACKGROUND

Richfield is lccated in the transiticn zone between the Basin and Range
and Coloradc Plateau physiographic provinces. The Colcoradc Plateau consists
of mesas and plateaus that were uplifted relative tc the area to the west and
valleys fcrmed by ercsion as the landmass rose. The seismicity of the
Colcrado Plateau is relatively low, although there are a few surface faults
wnich have been active within the last two millicn years (Quaternmary time).
The Canycnlands area of southeastern Utah exhibits typical Colorado Plateau
tooography. Basin and Range topography is characterized by numercus, snort,
north-south trending mountain ranges separated by discontinucus basins many of
which have internal drainage. The western Utah desert is typical of Basin and
Range terrain. Most ranges have faults that have experienced mcovement within
the last 2 million years. The faults exhibit mainly vertical displacement,
the valleys being downthrown relative to the mountains. The valleys exist due
to faulting, not erosion and may ccntain several thousand feet of accumulated
sediment. Grabens are fault controlled valleys formed when a blcck cf the
earth's crust is downdropped between two parallel faults. The Sevier River
Valley may be a graben; some investigators have inferred the existence cof
faults along its west and east boundaries. The faults of the Basin and Range
area are believed to be listric, that 1s, near vertical at the surface but
becoming flatter with depth. At a depth of about 10 miles the faults are
thought to be almost horizontal. The origin or focus of earthquakes tend to
pe several miles pelow the surface, and the epicenters (surface lccaticn
directly above the earthquake focus) tend to be located in the valley rather
than along the surface expression of the fault near the range front. The
significance of this fact is best appreciated when it is realized that the
maximum surface displacement occurs along the faults at the mountain front but
the maximum shaking takes place near the epicenter.

Seismicity in the Basin and Range is genmerally higher than in the Cclcrado
Plateau. The highest earthquake activity 1s centered along the Intermcuntain
Seismic Belt (ISB), a diffuse zone of increased earthqguake activity which, in

the Richfield area, follows the Basin and Range/Colcradc Plateau transiticn
zone (fig. 1). The selsmicity of the ISB is as hignh as scme areas alcng the

San Andreas Fault in California. The IS8 has generated several earthguakes
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with magnitudes greater than 7. Examples include the Hebgen Lake, Montana
earthquake which resulted in twenty-eight lives lost in 1959 and the Borah
Peak, Idahc earthquake in 1983 which took the lives of twc children. The
Richter magnitude of an earthguake is a relative estimate of the energy
released during fault rupture (table 1). The length cf many fault scarps
(fault induced surface brakes) in the Basin and Range indicate that they were
formed by large magnitude earthquakes. The Borah Peak earthguake (magnitude
7.3) produced a fault break on the surface that extended for more than twenty
miles. The maximum vertical displacement during a single earthquake event in
the ISB is on the order of 15 feet. Historical records in Utah are too short
for a reliable determinaticn of past earthquake activity, hcwever, the
geclogic record gives ample evidence of past seismic events. The recurrence
interval of active faults in the ISB i1s greater than 100 years, and may
approach several hundred years, for an eartnguake with a magnitude cf 7.

The intensity of an earthquake represents the extent and type cof damage
resulting from the event. Many investigators use the Mcodified Mercalli
intensity scale {(table 2). The intensity of an earthguake 1s determined by
many factors including nearness of the area tc the epicenter or fault,
magnitude of the earthquake, duraticn of tne event, ground conditicns {scil
type, depth of water table, depth tc bedrcck).

RICHFIELD AREA

Figure 2 shows the surface faults in the Sevier River Valley as repocrted
by Anderscn and Miller (1979). Figure 3 (Arabasz and others, 1979) snows
epicenters in the Richfield area greater than magnitude 1. The Elsincre Fault
is inferred to be along the west edge of the Sevier River Valley. A seccnd
inferred fault along the east edge of the valley may alsc be an extension of
the Sevier Fault. According to the University of uUtan Seismcgrapn Station a
magnitude 7.0 earthguake occurred near Richfield cn Novemcer 14, 1901, at
approximately 4:40 a.m. and was followed by several aftershocks of magnituage
2. The Intensity is reccrded as 8 to 9. This was Utah's largest nistoric
earthguake. A 1921 event centered near Elsinore had a magnitude of agout 5
with a minimum Intensity of 5. Four aftershocks ranging in magnitude from 2.3
to 4.3 were recorded over a periocd of tws days. Earthguakes in Utah were nct
instrumented before 1962, therefore, magnitudes of pre-1962 events nave been
astimated from the intensity of the earthquakes using a arithmetic
relaticnship. Figure 4 is a computer plot cf south central Utah earthguake
epicenters of magnitude greater than 1 that cccurred between 1850 and 1583
(data courtesy of University of Utah Seismograph Station).

A realistic scenaric for a seismic event in the Sevier River Valley coculd
be as folleows:

A. Earthguake magnitude 7 to 7.5.

B. Aftershocks felt for several days fcllowing the main event, magnitude

of the aftershocks on the order of 2 tc 5; cthers may cccur for a

cericd of 12 or more months

Maximum expected bedrock acceleration of 0.15g (Algermissicn, 1975)

near the epicenter.

D. Length of surface fault rupture cf 10-20 miles with a maximum vertical
displacement cf up to 15 feet.

E. Earthquake Intensity between 8 and 9.

O
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Older stone buildings, particularly those nct on a concrete foundation
will suffer cracking at the windows and doors. Homes with heavy, stiff walls
such as brick or stone may alsc be cracked, some brick may separate frcm the
frames. Brick chimneys will pe damaged, may fall, and lose bricks. Many
chimneys may pull away from the puilding. Stcne veneers will tend to separate
frocm their frames. Cornices and parapets, commcn on older buildings will
fall. Signs overhanging sidewalks or streets alsoc pose a hazard. Wocd frame
buildings tend to withstand shaking because they are flexible and all
structural units (walls, flocrs, ceilings) are tied together and mcve as a
unit. Buildings may slide off fcundations if they are not tied down. Similar
damage would occur in multistory buildings, walls can separate from the rcof
and floor, and heavy veneers may fall. Steel fabricated buildings tend to
withstand shaking because floors, ceilings, and walls are tied tcgether.
Howaver, stcone or brick added tc the walls reduces their flexioility. wings
added to buildings after initial constructicn may separate. During the 1971
Sylmar, California earthquake (mag. 6.4) the elevator/stair attachment tc a
hospital separated intact from the main building. The ambulance bay (a
carport) was not designed to withstand seismic forces, the columns failed and
the roof collapsed crushing the ambulances. An inventory of building types in
Richfield could be made tc estimate the extent of probable damage and to
determine which tuildings could serve as refuge centers. Figure 5 shcws a
mocdel building ccde as recocmmended by the Utah Seismic Safety Adviscry Council
in 1980.

Geclcgic conditions also influence earthquake intensity. For exampls, low
density soil such as that found in scme areas cof Sevier River Valley (Kaliser,
1976; Lund, 1982) may be subject to collapse during shaking causing stress tc
building foundations. Sandstone ocutcrops west of Richfield may constitute a
rockfall hazard (Grant Willis, UGMS geologist, perscnal commun., 1985).
Rockfalls can be quite dangerous, two pecple were killed by falling rock
during the Hebgen Lake earthguake. Property was damaged and rcads were
Slccked due to rockfalls during the Borah Peak earthquake. The Green River
Formaticn and other geclogic units that are often involved in landslides ceccur
in areas adjacent to the valley. Therefore, a potential may exist in those
areas for landslides which could disrupt lifelimes (transportaticn corridcrs,
communication links, water, pcwer, sewer) and cause extensive damage or loss
of life (28 pecple were puried by a landslide during the Hebgen Lake
earthquake). Sinkholes or ground cracks may develop during an earthquake if
water is forceably injected into shallow nhcrizons. Tne shallcw water table in
the valley may increase the hazards related to ground shaking.

Almost all lifelines will be affected by a large earthquake in tne Sevier
River Valley., Rcads and railroads cculd be blocked by landslides or
structural failures. Communicaticon lines may be inoperable cor taxed tc their
limit. Gas and electrical lines may be severed and could start fires. Broken
water lines may limit water available for fighting fires. Culinary water may
beccme contaminated from sewage or dead animals. Springs used for culinary
water may change in flcw, turbldity, or cclor, and wells may suffer pump and
casing damage. Sewer lines tend to be brittle and because they are low
gressure, nreaks may nct be ncticed until cconsiderable sewage has escaped.

Critical facilities shculd be inventcried with regard tc risk from
geclecgic hazards. Such facilities include nospitals; police, firs, telephcne,
and radioc stations; pcower substations; nursing homes; clinics, drugstores, and
blocd banks; refuge centers (schools?); gasoline stcorage areas for emergency
vehicles; and water supply and treatment facilities.
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‘able !.RICHTER SCALE OF EARTHQUAKE MAGNITUDE (ESCP Vol. I, pg. 50, table 1-3)

Magnitude Equivalent energy by mass Remarks
of TNT

0 600g enough to blast a stump

1 20kg small construction blast

2 600kg average quarry blast

3 20,000kg, 20 Ton large quarry blast

4 600,000kg, 600 Ton small atom tomb

5 20 Kiloton standard atom tomb

6 600 Kiloton small hydrogen bomb

7 20 Megaton energy enough to heat New
York City for one year

8 600 Megaton energy enough to heat New
York City for 30 years

9 20,000 Megaton energy equal to world's
coal end oil production
for 5 years

The maximum megnitude recorded is 8.9 for the Columbia-Ecuedor earthquake

in 1906 and Sanriku, Japan earthquake in 1933.
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Table 2.

Modified MERCALLI EARTHQUAKE INTENSITY SCALE
(AG! data sheet 47a)

Because the performance of masonry is such an important criterion for eval=-

uating intensity, this version specifies four qualities of masonry, brick or other-
wise, as follows:

Vi

Masonry A: Good workmanship, mortar, and design; reinforced, especially
laterally, and bound together using steel, concrete, etc.;
designed to resist lateral forces,

Masonry B:  Good workmanship and mortar; reinforced, but not designed
in detaii to resist lateral forces.

Masonry C: Ordinary workmanship and mortar; no extreme weaknesses
like failing to tie in at corners, but neither reinforced nor
designed against horizontal forces.

Masonry D: Weak materials, such as adobe; poor mortar; low standards
of workmanship; weak horizontally.

INTENSITY
Not felt, Marginal and long=-period effects of large earthquakes.
Felt by persons at rest, on upper floors, or favorably places.

Felt indoors. Hanging object swings. Vibration like passing of light truck.
Duration estimated. May not be recognized as an ecrthquake.

Hanging objects swing, Vibration like passing of heavy trucks, or sensa=
tion of a jolt like a heavy bell stiiking the walls. Standing motor cars
rock, Windows, dishes, docrsrattie. Glasses ciink. Crockery clashes.
In the upper range of 1V, wooden walis and frame creck,

Felt outdoors, direction estimated. Sleepers wakened. Liquids disturbed,
some spilied. Small unstable objects displaced or upset. Doors swing,
close, open. Shutters, pictures move. Pendulum clocks stop, start,
change rate,

Felt by all. Many frightened and run outdcors, People walk unsteadily,
Windows, dishes, glassware broken, Knicknecks, books, ete., off shelves,
Pictures off wells, Fumiture moved or overtumed., Weck plaster and
masonry D cracked., Small beils ring (church, school), Trees, bushes
shaken visible, or heard to rustie.
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Table 2. (continued)

Mercalli Intensity Scale (cont,)

VH

Vil

Xl

XI1

Difficult to stand. Noticed by drivers of motor cars. Hanging objects
quiver. Fumiture broken, Damage to masonry D, includirg cracks,
Weak chimneys broken at roof line. Fall of plaster, loose bricks,
stones, tiles, comices, unbraced parapets and architectural omaments,
Some cracks in masonry C, Waves on ponds; water turbid with mud,
Small slides and caving=in along sand or gravel banks. Large bells
ring. Concrete irrigation ditches damaged.

Steering of motor cars affected, Damage to masonry C; partial
collapse. Some demage to masonry B, none to masonry A, Fall of
stucco and some masonry walls, Twisting, fall of chimneys, foctory
stacks, monuments, towers, elevated tanks, Frcme houses moved on
foundations if not bolted down; loose panel walls thrown out, Decayed
pining broken off. Branches broken from trees, Changes in flow or
temperature of springs and well, Cracks in wet ground and on steep
slopes.

General panic, Masonry D destroyed; masonry C heavily damcged,
sometimes with complete collapse; masonry B seriously damaged.
Ceneral damage to foundations., Frame structures, if not bolted, shifted
off foundations., Frame cracked. Serious damcge to reservoirs. Under-
ground pipes broken, Conspicuous cracks in ground. [n alluvial creas
send and mud ejected, earthquake fountains, sand craters,

Most masonry and frame structures destroyed with their foundations.
Some well=built wooden structures and bridges destroyed. Serious -
damage to dams, dikes embankments. Large landslides., Water thrown
on banks of canals, rivers, lakes, etc. Sand and mud shifted hori-
zontally on beaches cnd flat land. Rails bent sightly.

Rails bent greatly. Underground pipelines completely out of service.

Damage nearly total, Large rock masses displaced. Lines of sight and
level distorted. Objects thrown into air. '
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EARTHQUAKE SAFETY RULES ( from U.S. Dept. Commerce bull. )

During the shaking:

1.

Don't panic, The motion is frightening but, unless it shakes something
down on top of you, it is harmless. The earth does not yawn open, gulp
down a neighborhood, and slam shut. Keep calm and ride.

If it catches you indoors, stay indoors. Take cover under a desk, table,
bench, or in doorways, halls, and against inside walls. Stay away
from glass.

Dor't use candles, matches, or other open flames, either during or ofter
the tremor, Douse ail fires,

If the earthquake catches you outside, move away from buildings and
utility wires. Once in the open, stay there until the shaking stops.

Don't run through or near buildings. The greatest danger from falling
debris is just outside doorways and close to outer walls,

[f you are in a moving car, stop as quickly cs safety permits, but stay
in the vehicle. A car is an excellent seismometer, and will jiggle
fearsomely on its springs during the earthquake; but it is o good place
to stay until the shaking stops.

After the shaking:

]o

Check your utilities, but do not tum them on. Earth movement may have
cracked water, gas, and electrical conduits.

If you smell gas, open windows and shut off the main valve, Then leave
the building and report gas leakage to authorities. Don't reenter the
house until a utility official says it is safe.

If water mains are damaged, shut off the supply at the main valve.

If electrical wiring is shorting out, close the switch at the main meter
box.

Turn on your radio or television (if conditions permit) to get the latest
emergency bulletins,

Stay off the telephone except to report an emergency,
Don't go sight-seeing.

Stay out of severely damaged buiidings; aftershocks can shake them down,

i M 7 i Investigati Section
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Project: Requesting Agency:

Zone of deformation determined along a portion Provo City
of the Wasatch fault in Provo, Utah

Date: County: Job No.:
R.H. Klauk 3/6/85 Utah GH-3
USGS Quadrangle:
Orem (1088)
85-005

PURPOSE AND SCOPE

This report presents the results of an investigaticn tc determine the
width of the zome of deformaticn alcng the Wasatch fault in part of tne
Provo-0rem area, Utah County, Utah. The repcrt was completed as part cf 3
larger review by the Utah Geclogical and Minmeral Survey (UGMS) of a geologic
hazards study conducted for the City of Provo by Internaticnal Engineering
Company, Inc. (IEC). The area investigatad is in the SEl/4, sec. 18, T. 6 S.,
R 3 E., SLB&M (attachment 1). This area was chosen because previcus wcrk by
the UGMS permitted a compariscn of faulting cbserved in an excavaticn for the
Ridge Athletic Club (UGMS unpublished data, 1978) witn IEC hazard maps. In
addition to reviewing the previous study, the scope of work included an
evaluaticn of recent geclogic literature and examination of sterec air
photographs.

GEOLOGY OF THE SITE

The Ridge Athletic Club is located along the Wasatch fault between Prcvo
Canyon to the north and Little Rocck Canycn to the scuth (attachment 1). The
site is between the Provc and Bonneville shorelines of Lake Bonneville at an
elevation of 5100 feet. Lacustrine sediments of Lake Bonneville were expcsed
in the 400 foot long, 15 foot deep east-west criented excavation for the
athletic club and consisted of horizontal, interbedded sands and silts
(attachment 2). These sediments may be underlain by landslide deposits
consisting of weathered Manning Canyon Shale (C.G. Oviatt, cral ccmmun., 1985).

The Wasatch fault in the Provo-Orem area consists of a series of grabens
bounded by prominant west-dipping fault scarps on the east and by antithetic
fault scarps on the west. Alr phcto interpretaticn identifies the main west
-dipping scarp 300 feet east of the athletic club. This agrees with Hunt and
others (1953), Baker (1964), and Davis (1983). The west half of the athletic
club appears to be in a zone of antithetic faulting. More than thirty-five
fractures were observed in a 150 fcot length of the excavation. Faults in
this zone are straight to curvilinear and produce a series of small horsts and
grabens (attachment 2). No offsets greater than 2 feet were observed. Mcst
fractures dip between 60 and 80 degrees, mostly to the west. The western
limit of deformation was not determined because of the limits of the
excavation.

Cluff and cthers (1973) doc nct identify a major fault in the immediate
vicinity of the athletic club. They have, hcwever, identified a small graben
at the site (200 feet in width and 500 feet in length) pounded by Class I1I

features (attachment 3). Class III features are defined as pcssible surface
faults with little or no relief. This interpretaticn appears toc de in error.




INTERNATIONAL ENGINEERING COMPANY, INC. HAZARDS MAP

The fault shown on the IEC hazard map at the Ridge Athletic Club 1is
approximately 500 feet west of the main fault trace mapped by previcus
investigators (attachment 1). No evidence of this fault was found in the
trench. The map alsc identifies a 100-foot wide (50 feet west and 50 feet
east of the fault) zcne of deformation. Examinaticn cf the excavation at the
athletic club combined with the air photc analysis indicates the zcne is more
extensive, and may be 700 feet wide at this locatiocn.

SUMMARY AND CONCLUSIONS

Review of work by most previogus investigators indicates the main trace cf
the Wasatch fault is approximately 500 feet east of the fault mapped oy IZC in
tne vicinity of the Ridge Atnletic Club. Air photo interpretaticn alsc placed
the main fault 500 feet to the east. Faulting identified in the excavaticn
for the athletic cluo is interpreted tc be the result of antithetic faulting
paralleling the main fault trace. No offset greater than 2 feet was
coserved. The western limit of the antithetic zone was nct determined in the
UGMS study because 1t extends beyond the excavaticn in that direction.
However, indications are that the total width of the graten (zcne cf
gefcrmaticn) is approximately 700 feet, which is significantly greater tnan
the 100 foot zone ildentified on the hazards map. Furthermcre, the IEC map
extends the zone equally in both directicns frcm the fault whereas, field
evidence indicates that deformaticn extends primarily west cf the main fault
trace,

REFERENCES CITED

Baker, A.A., 1964, Geclcgic map and sections of the Orem guadrangle, Utan:
UJ.S. Geolegical Survey Quadrangle Map GQ-241, scale 1:24,000,
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pcrtion, earthguake fault investigation and evaluaticn: ‘Woocdward-Lungren
and Associates, Oakland, California, 79 p.

Davis, F.D., 1983, Geclcgic map cf the scuthern Wasatch front, Utah: Utan
Geclogical and Mimeral Survey Map 55-A, scale 1:100,000.

Hunt, C.B., Varnmes, H.0., and Thcmas, H.E., 1953, Lake Bonneville - geclogy cf
northern Utah Valley, Utah: U.,S. Geclogical Survey Prcfessicnal Paper
257-A, 99 p.
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Photograph showing horizontal, interbedded silts and sands.

Photograph showing a series of horsts and graben.
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Project: . Requesting Agency:
Investigation of a fatal slope failure at a .| Utah Division of Occuna-
construction site in Sandy, Utah tional Safetv and Health
By: Date: County: Job No.:
H. Gill 4/17/85 Salt Lake GH-4
USGS Quadrangle:

Draper (1171)

85-012

In response tc a request from Mr. Donald L. Anderson, Compliance
Superviscr for the Utah Division of Occupaticnal Safety and Health, the Utah
Geclogical and Mineral Survey (UGMS) made a geclogic inspection at the site of
a fatal slope failure in Sandy, Utah. The failure cccurred on March 29,

1985, The UGMS was nct contacted until April 2nd, and made its field visit on
April 3rd.

SITE LOCATION AND DESCRIPTION

The failure cccurred at the constructicn site for the new Lone Peak
Elementary School at 11580 Scuth and High Mesa Drive (2220 gast) in Sandy,
Utah. The failure was on the north side of a large amphitheater-shaped
excavation (several hundred feet in width and length) being graded for the new
schogl and surrounding playgrounds. When completed the ampnitheater walls
will consist of large sarthen benches held in place by retaining walls. It
was an excavaticn for cne of these benches that failed. Most evidence cf the
slide had been removed or buried prior to the UGMS inspection by continued
construction of a retaining wall. The estimated dimensicns of the slcpe
failure are 21 to 25 feet high, 40 feet wide, and 8 tc 10 feet deep. The slip
plane was oriented N 809 W and was dipping 51 degrees to the southeast. The
criginal angle of the cut slope was 3/4:1 (orral commun., Delcy Adams,
construction superintendent, April 3, 1985). In addition, approximately the
bottom 3 feet of the slope stocd as a vertical cut notched intc the
amphitheater wall.

GEOLOGY, SOILS, AND HYDROLOGY

The site is on the scuthwest edge of a large Lake Bonneville delta that
formed at the mouths of Bell and Little Cottonwood Canyons. The delta is
comprised of Provo and Bonneville level sand and gravel (Miller, 1580).
Woodward-Clyde and Asscciates (1970), mapped a class III lineament (possible
fault or rupture) 300 feet scuthwest of the site. A field reconnaissance and
air photc examination conducted by the UGMS for the school site in November
1984, showed that the lineament is a Lake Bonneville erosicnal feature created
oy longshore currents eroding previously deposited lake sediments. During the
1984 study, the air photc anmalysis alsc showed a small debris flow in a
drainage crossing the site. Grading for the new schcool has remcved all
evidence of the flow.

The soils involved in the slcpe failure consist of alternating layers of
white tc light-tan gravelly sand and sandy gravel. They exhibit a low
density, are nonplastic and nonindurated, and at the time of the field visit
were slightly moist. The sand grains are angular to subangular and the gravel
clasts are subangular to rounded. The soil exposed in the slip plane of the
slope failure is a gray-brown gravely sand that is lccse tc sligntly dense,
nonplastic, nonindurated, and mocist. The U.S. Oepartment of Agriculture Scil
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Conservation Service has mapped the upper 60 inches of the scils at the site
as the Preston and Wasatch series. Both are coarse-grained sand and gravel
soils exhipiting medium- to high-shear stremgth, and high permeability.

Precipitaticn reccrds were optained for the montnh of March from the
Metrcpolitan Water District of Salt Lake City - Little Cottonwcod Water
Treatment Plant weather station. The treatment plant is approximately 3.5
miles north and 100 feet higher in elevaticn than the schocl site. The record
shows that 0.79 inches of precipitaticn (rain and snow) fell in the area
during the pericd March 25 to 28, 0On March 25, 0.33 inches fell, and cn March
27 and 28, 0.22 and 0.24 inches fell respectively. Mr. Adams reported that
there had been intermittent light rain and sncw cn the day cf the accident
(March 29). Site sgils are highly permeable, and depth to the unconfined
water table is greater than 100 feet (Seiler and Waddell, 1984). Ccnsidering
those facts, the soil moisture observed during the field visit is pelisved tc
be entirely the result of precipitation rather than ground water at the site.

SLOPE FAILURE
The following factors may have contributed to the slcpe failure.

1) The rain and snow which fell for three of the four days pricr tc the
slope failure saturated the scil at the site creating additicnal
welght in the slide mass and increasing the pcre-water pressure
between soil grains.

2)  An 18 to 24 inch deep utility trench was cbserved at the tcp of the

bench near the slip plane of the failure. The disturbed scil in tne
trench may have acted as a conduit for mcisture tc perculate intoc the
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Project: Requesting Agency:
Geologic hazards evaluation for a site in the Division of State Lands
Pole Canvon Area, Spanish Fork Canyon, Utah and Forestry
County
By: Date: County: Job No.:
R.H. Klauk 5/7/85 Utah GH-.3
USGS Quadrangle:

Spanish Fork Peak (1005)

85-018
PURPOSE AND SCOPE

This report presents the results of an investigation by the Utah
Geological and Mineral Survey tc assess geclogic hazards for property located
in parts of secs. 12 and 13, T. 9 S., R. 3 E., and part of sec. 18, T. 9 S.,
R. 4 E., Salt Lake Baseline and Meridan, Utah County, Utan (attachment 1).

The investigation was performed at the reguest cf Richard P. Klascn, Assistant
Director of the Division of State Lands and Fcrestry. The Divisicn of State
Lands and Forestry is considering acquiring the land for develcpment of single
and multi-unit residential sites. Due to time constraints, the scope of work
for this study was limited tc a review of existing geclocgical literature and a
brief field reccnnaissance on May 2, 1985,

SETTING

The preperty is located along the flood plain and adjacent mountain slcpes
of the Spanish Fork River above and belcw the mouth of Pcle Canycn (attachment
1). An area abcve Green Flat, a small tributary toc Pcle Canyon is alsoc
included. Pole Canyon has been developed with single family hcusing units.
Topcgraphy varies significantly across the property, the flccd plain slcpes
less than 2 percent tcoward the river, whereas the mcuntaincus areas have
slopes greater than 90 percent in scme areas.

GENERAL GEQLOGY AND HYDROLOGY

Geologic units on the site range in age from Penmnsylvania tc Quaternary
and ccnsist cf consclidated rocks and unccnsclidated residual scils and
alluvium. Bedrcck includes Pennsylvania/Permian Oguirrh Formaticn, Permian
Kirkham Limestone, and Permian Diamond Creek Sandstone (Stcokes and Madsen,
1961). Unconsoclidated deposits consist of residual scils formed on bedrock
and recent alluvium deposited in drainages and along the flccd plain cf the
Spanish Fork River. The Oguirrh Formaticn consists cf intercalated limestcne
and sandstcone with minor beds cof shale and siltstone, the Kirkham Limestone cf
brecciated, thin-bedded limestcone, and the Diamcnd Creek Sandstcne of
crossbedded sandstcne (Stokes and Madsen, 1961). Rigby (1962) has described
sinkholes in the Kirkham Limestone at the mouth cf Pole Canycn up tc 40 feet
in diameter.

Lone Pine Gulch, Thurber Canycn, Pcle Canycn, and Green Flat are epnemeral
drainages that =smpty into the Spanish Fork River at the mcuth cof Pole Canycn.

At the time of the recomnaissance, all were dry. Depth to ground water below
the flcod plain of the Spanish Fork River is not known, but is thought tc oe

shallcw (less than 10 feet).
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SITE CONDITIONS

For purposes cf this study the site has been divided into three areas.
Area 1 consists of all land above 4800 feet in elevation, area 2 includes part
of the Spanish Fork River flocd plain ncrth of the moutn of Pcle Canycn, and
area 3 comprises the mcuth of Pcle Canycn and the flccd plain tc the scutheast
(attachment 1).

Area 1

Elevations in area 1 range from approximately 4,800 feet tc 6048 feet.
Slcpes are steep, ranging from 22 percent to more tnan 90 percent. The area
is dissected by many small ephemeral drainages. Soil cover is thin and
residual in many areas with cccaissicnal btedrock cutcrops. Alluvium is
present in drainages, and is alsc generally thin. Twc small depris slides
were noted cn a steep north-facing slcpe abcve the Sparish Fork River
(attachment 1). Kirkham Limestone forms most of the ridge between Pcle Canycn
and Green Flat and, where expcsed, exhibits extensive scluticn cavities
(attachment 1).

Area 2

The flocd plain along the Spanish Fcork River ncrth of the Pcle Canyon is
characterized by alluvial scils of unknown deptn. The surface cf the flccd
nlain is about 2 feet abcve the present elevation cof the Spanish rFork River.
The area appears to have been recently flocded, pcssibly during the draining
of Thistle Lake. Vegetaticn consists cf cattalls and cther plants
characteristic cf areas with high ground water or standing water. Evidence of
active bank slumping due to undercutting Dy the river was alsc cbserved. Tre
flocd plain abruptly terminates against a bedrock slcpe cf Oguirrh Formaticn.

Area 3

The flocd plain scutheast of Pole Canycn is characterized by alluvial
deposits of unkncwn depth covered by grass. This area, at present, is
approxiamtely 8 feet abcve the level of the Spanish Fcrk River and abruptly
terminates against a steep cliff consisting of Diamcnd Creek Sandstcne. A 2
foot dike has been constructed along this reach of the river. Depth tc¢ ground
water is not known, but is probably less than 10 feet.

Area 3, at the mcuth of Pole Canycn, is characterized by a change in
slope. The drainage from Pole Canycn has incised through more than 40 feetf o
alluvium. Immediately scuthwest of the site, at this lcocation, are the karst
features described by Rigby (1962). Nc evidence cof these features was notad
cn the site, however.

£
f

SUMMARY AND CONCLUSIGNS

Area 1 is is characterized by steep slcpes, thin residual scils, and tnin
alluvium along ephemeral drainages. Two small deoris slides are alsc present
in this area and cuts may cause additionmal scil failures. Kirkham Limestcns
outcrops exnibit sclution cavities.

Area 2 is orone tc flooding and is currently being actively ercded by the
Spanish Fcrk River. Depth to ground water is possibly 2 feet cr less.
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Area 3 is predominantly on the flood plain cf the Spanish Fork River, but
is higher in elevaticn than area 2 and therefore the flccd potential is
lower. Depth to ground water is also unknown, but is likely 8 feet or less.
Solution cavities in the Kirkham Limestone may underlie the area and present a
hazard.

Areas 1 and 2 have severe constraints that appear to preclude
develcpment. Area 3 has limitaticns, but further study may establish that it
is suitable for develcpment.

REFERENCES CITED
Rigby, J.K., 1962, Scme gecmcrphic features cf the southern Wasatcn Mcuntains
and adjacent areas: Brigham Young University Geclcgy Studies, v. 9, Part
1, p. 84.
Stokes, W.L., and Madsen, J.H., compilers, 1961, Geclcgic map cf Utah

northeast guarter: University cf Utan Department of Mimes and Mineral
Industries, scale: 1:250,000.
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Project: Requesting Agency:
Investigation of a debris flow near the K&J Wasatch Countv Recorder's
Subdivision, Wasatch County, Utah Office

By: Date: County: Job Ne.:
H. G311l 5/28/85 Wasatch GH-6

USGS Quadrangie:

Brighton (1169)

#85-020

In response to a reguest from Mr. Joe Don Huber, Wasatch County Recorder,
a geologic investigation was made by the Utah Geological and Mineral Survey
(UGMS) of a debris flow in the SE1l/4 of sec. 18, T. 3 S., R. 4 £., SLBM,
Wasatch County, Utah (attachment 1). The purpose of the investigation was to
evaluate the hazard presented by the flow to a cabin in the K & J
suodivision. A field reconnaissance was conducted on May 10, 1985, in the
company of Mr. Huber. Qbservations were hampered by a one-inch cover of snow.

The debris flow occurred on a steep northeast facing hillside south of
Snakea Creek, and southwest of the K & J subdivision (attachment 1). The
hillside is underlain by glacial moraine deposits (Baker and others, 1966).
Several rotational slump landslides, ranging in length from fens of feet to
several hundred feet, were also observed on the hillsides in the vicinity of
the cabin. Two springs located high on the hillside have been developed as a
source of water for the subdivision. A road providing access to the springs
traverses the hill, and crosses several of the slope failures. According to
Mr, Huber, movement of a number of landslides on the slope has occurred in the
past year, and Wasatch Mountailn State Park personnel responsinlz for
maintenance of the road indicate that slide movement and subseguent road
repairs have increased aver the past two years. This time interval
corresponds to a period of greater than normal precipitation for the area.

Tne debris flow occurred 3 to 5 days prior to the investigation (J. Hucer,
oral commun,, May, 1985). It flowed down the west side of a large
(approximately 500 feet long and 100 feet wide) pre-existing rotational slump
failure, creating a channel about 6 feet deep and 10 feet wide. A small fan
of debris (approximately 30 feet wide and 1 to 3 feet deep) was deposited on
the toe of the older slide about 175 feet southeast of the cabin. The debris
flow had stabilized by the time of the reconnaissance, but a small stream of
water continued down the newly formed channel. The water issues from a minor
scarp in the older slide located approximately 250 feet upslope from the toe.
A section of black plastic pipe, about 20 feet long and 2 1/2 inches in
diameter was observed lying in the debris flow channel. The two springs that
supply water to the subdivision are above the older rotational slump failure
and the debris flow, and a buried waterline extends across the slope to a
water tank northwest of the area. Mr., Huber did not know if the black plastic
pine was part of the spring development, however, it is likely that the pipe
is part of the waterline (or lines) from the springs to the storage tank. The
older landslide shows evidence of several periods of movement at different
times and locations within the slide mass. The area from which the water is
issuing appears to have been recently active, and it is believed tnat movement
there may nave caused a break in the waterline. The slope sventually became
saturated and failed, resulting in the debris flow.

The hazard presented to the cabin by the debris flow and the rotational
slump failure is minimal at this time. There is no indication that the the

-272-




debris flow caused renewed movement of the lower portion of the older
landslide. Vegetation, primarily grass and scrub oak, was not disturped and
no open cracks were observed, However, other debris flows may occur if the
waterline is again routed across the slump failure where it would be subject
to another break. It is likely that the natural drainage on the nillside
would direct a second debris flow away from the caoin, but if a large volume
of water is again introduced to the slope it might cause the older slide to
move. The toe of the rotational slump failure is only about 100 feet From the
cabin, and might reach the structure if movement is renewed., Therefore, it is
recommended that when the waterline is repaired, a new alignment e used that
keeps it off the older failure.

REFERENCES

Baker, A. A. and others, 1966, Geologic map of the Brighton Quadrangle, Utan:
U. S. Geological Survey Geolegic Quadrangle Map GR-534, scale 1:24,000

Schuster, R. L., and Krizek, R, L., 1978, Landslides analysis and control,
National Academy of Sciences Special Report 176, 234 p.

-273-



GH-6

Job No.

Attachment 1,

Base map from USGS topographic quadrangle, Brighton, Utah (7% minute series)

/ Slide area # -

/

* ¢

-Q
e
1
3
Q..
P

€ o

is-flow area

Wasatch County debr

General location map,

Site Investigation Section

Utah Geological and Mineral Survey



Project: Requesting Agency:
Utah and Salt Lake Canal Embankment stabilitv Salt Lake County Flood
investigation Control and Water "ualitv
Date: County: Job No.:
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In response to a request from R, T. Holzworth, Director, Salt Lake County
Flood Control and Water Quality, an investigation has been conducted to
determine the stability of a portion of an embankment for the Utah and Salt
Lake Canal. Concern was initiated when moist to wet scil and ponded water was
observed in the vicinity of the canal embankment. Failure of the embankment
would interrupt the supply of irrigation water to downstream users, flood the
Denver and Ric Grande Western railroad tracks, and impair part of Salt Lake
County's flood control effort. The scope of work for this investigation
included a review of existing geologic and hydrologic literature, and a field
reconnaissance of the site on June 18, 1985,

The section of canal investigated is located in the SE 1/4, sec., 22, T. 4
S., R. 1 W., Salt Lake Baseline and Meridian (attachment 1). 1In this reacn,
the canal is constructed on alluvial flood-plain deposits of the Jordan River
at the base of a cliff consisting of Tertiary Salt Lake Formation overlain by
Lake Bonneville deposits (Slenz, 1955; and Davis, 1983). A small ephemeral
drainage has cut into the flood plain at this location. Prior to blockage by
the canal and railroad embankments, this drainage carried surface runoff to
the Jordan River. The moist to wet soil and ponded water are located within
the drainage and immediately southwest of the railroad tracks, approximately
200 to 300 feet northeast and below the canal embankment (attachment 1).

Ponded surface water was noted, both north and south of the site,
indicating a shallow ground-water system exists along this part of the Jordan
River flood plain. This may be a perched system overlying the Salt Lake
Formation. The canal is unlined and conceivably loses water to this shallow
system. Canal infiltration combimed with the wet years of 1983 and 1984 have
likely resulted in an increase in the water level in tnis shallow system,
producing the pond.

During the reconnaissance, moist to wet soll was observed from the base of
the canal embankment, continuously to the pond within the confines of the
drainage. No moisture was found on the embankment and no indications of
potential failure were observed. The moist to wet scil is considered to be
the result of a rise in the shallow ground water table and not do to increased
canal leakage. Based on the reconnaissance and literature review, canal
embankment failure is not thought to be imminent at the site. However, it is
recommended that this area continue to be monitored for any adverse changes.

REFERENCES CITED
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APPENDIX

List of 1985 Applied Geclogy Publications
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Special Studies

Christenson, G. £., Oviatt, C. G., Schrocer, J. F., and Sewell, F. E.,
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Geological and Mineral Survey Special Study 64, 85 p.

Reports of Investigation
Case, W. F., 1985, Dam failure inundaticn stucy for Deer Creek
€

County: Utah Geolcgical and Mineral Survey Report of Inves
23 p.
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Christenson, G. £., 1985, Causes of basement flcoding along 11E€CC South
near 3800 West, South Jordan anc Riverton, Salt Lake County: Utzh
Geological and Mineral Survey Report of Investigation 185, 27 o,

Christenson, G. E., and 8ishop, C., 1985, Preliminary geologic hazard and
resource inventory for state lancds in ¥ashington County: Utah Ceclocica
andg Mineral Survey Report of Investigation 199, 14 n.

Harty, K. M., 1585a, Technical Reports for 1984 Site Investigation Sectiecn:
Utah Geological and Mineral Survey Report of Investigation 198, 251 o.

------------- 19850, Geologic evaluaticn of a proposed land fill site in
weber County, Utah: Utah Geological anc Mineral Survey Report of
Investigation 203, 18 p.
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