DOCUMENTO ORIGINAL EN MAL ESTADO

A SEISMIC ASSESSMENT OF AN EXISTING WATER TREATMENT PLANT
AND) AN EXISTING WASTE WATER RECLAMATION FLANT, SALT LAKE CITY, UTAH

Lawrence D. Reaveley
Reaveley Engineers and Associates, Salt Lake City, Utah

Salt Lake City, Utah, is located in the intermcountain seismic belt and
has known faults running through the city. The most notable of these
faults is the Wasatch Fault. This normal fault has created the Wasatch
Mcuntain range which runs along the eastefrn edge of the Salt Lake
valley. The fault is segmented and runs in a north-south direction for
two thirds of the length of the state. Figure 1 shows the identified
faults in the Salt Lake area. Geolegic trenching studies have revealed
that periodically the Salt Lake segment will move up to 15 feet of
vertical displacement per event. The recurrence interval for the Salt
Lake City segment is in the range of 1,000 to 3,000 vears, whereas the
recurrence interval for the fault as a whole is In the range of 400
vears. The Wasatch Fault and other known faults represent a signifi-
cant seismic hazard that Salt Lake City has recognized. Figure 2
contains a descriptive summary of the soils in the general location of
the site,

As part of a study to assess the seismic wulnerability of the city
facilities that have been determined t¢ be essential, the main culinary
water treatment plan and the main waste water treatment plant have been
evaluated. T"Essential® facilities are "those structures or buildings
which must be safe and usable for emergency purposes after an earth-
quake in order to preserve the health and safety of the general public”
{International Conference of Building Officials, 1985);. This paper is
a summary of the findings of a portion of the overall study.

WATER RECLAMATION PLANT

The water reclamation plant for Salt Lake City was designed in 1960 and
various small structures have been incorpeorated into the plant during
the intervening years. The plant treats approximately 40 million
gallons of waste water on an average day and produces over 4,000 dry
tons of selids for disposal each yvear. The plant was evaluated for its
existing seismic vulnerability. There are 35 variocus types of struc-
tures at the plant that were evaluated. These have been numbered as
shown in Figures 3 and 4. Each of these 35 structures is a distinct
structure or of a distinct structure type. The structures are listed
in Table I, which contains a summary of the structural system of each
facility.
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AKE AND MAR POSIT

LAKE AND MARSH DEPOSITS OF HOT SPRING LAKE (HOLOCENE}—5i1Tt and clay. Deposited in
former (ske and marshes. now drained. that existed in low-lying area west of Warm Springs
fault. Subject to high water tables and flooding.

Clay, silt, and sand—Clay, silt, snd fine sand; good sorting of individual beds; parstiel bedding,
minor crossbedding, very thin laminse (<| mm) to thick beds (30 - 100 ¢m). bedding locally
disrupted. Locally contains minor medium to coarse sand and fine gravel. Deposited in deep
waler on lake floor ond in lagoons and other protected areas bshind splits and bars; locally
inclydes sediments deposited as topset alluvium on deltas. Thickness 1 Lo more than 20 m.

l PQSIT

Allunsl deposits sre divided mainly eccording Lo Lype and age, which [a determinded by (1)
their stratigraphic and geomorphic relationships to deposits of the Bonnewiie iake cycle and to
glacigt deposita of the Bella Canyon advence end (2) by their degree of 301l development.

FLOOD—PLAIN  ALLUVIUM (UPPER HOLOCENE)}—Seand, silt, clay, and focally grevel slong the
Jordan River and lower reaches of its tributaries; mostly pebbles and cobble gravel, sand, and
silt along the upper resches of streems that hesd in Wasatch Range, poor to moderats sorting;
paraliel bedding snd crosshedding Subject to flooding and high water table. Exposed thickness
1-3m.

FILLS AND DUMPS

ARTIFITIAL FiLL (HISTORIC}—Ftlis of assorisd mstariais, includes landfills, tmlings, and
angineered flls for highways. reilways. snd buildings

FIGURE 2 Soils map.
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The overall facility is located on two parcels of land as shown in
Figures 3 and 4 and is divided into a pretreatment facility and the
main treatment facility. various typical steps used iIn waste water
treatment fFacilities are shown in Figure 5. All of the various systems
in the facility have been considered except buried pipelines and condu-
its which were rnot in the scope of the project. A preliminary geotech-
nical evaluation was undertaken.

structural Elewents

The structural elements can be grouped into the following classifica-
tions:

1. Buildings,

2. Concrete channels,
3. Pipe tunnels, and
4., Tanks.

Each building houses equipment and systems that are used in different
functions of the plant. Each structure contains a wide range of archi-
tectural, structural, mechanical, electrical, and piping systems.
Appendix A of this peper focuses on a few of the structures considered
and presents examples of the tables used to identify the structural
deficiencies of each structure and suggested methods of correcting the
deficiencies as well as the approximate costs. The structural facili-
ties are, in general, reinforced for the effects of seismic forces.
Although there are exceptions, many specific cost-effective measures
could be {mplemented to Iincrease the seismic resistance of the various
structures and thereby minimize the effects of ground moticn and make
the facility more resistant to earthquake forces.

The first exception to the generalization is the MNo. 26 structures,
which are three anaercbic digesters. The monetary cost of upgrading
the three digesters to resist large seismic forces is very high. These
digester tanks have reinforced concrete walls with a floating steel
roof. They are rovered with insulation, gunite, and metal siding. The
deficiency stems from the fact that the walls of the structures were
designed only for hydrostatic pressures and not for the increased
hydrodynamic pressures that would be induced by strong ground motion.

Structure 1, the screen and grit storage building, also has a high
dollar per square foot cost associated with the seismic upgrade. This
structure, however, has a high wvulnerability to seismic forces and
should be given a pricrity position in any budget alloccations.

structure 3, the sewage pump building, has an above grade portion that
is not entirely seismic resistant. The nature of the window openings
and lack of symmetry have led to the suggestion of filling In certain
window bays with reinforced concrete. The structure is critical to the
overall operation of the entire plant.
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PRELIMINARY TREATMENT PRIMARY TREATMENT
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Preliminary treatmem gomsists of screening Primary lmment_physicallymnmuble
(srmwnabove)ancgimoulsomlllame andflogtable solids ﬂ'ommmby
debris and abrasive rramerials do not damage passing it through large sedimentation tanks.
plant equipment.

SECONDARY TREATMENT

Treated water from the trickling filter passes
After primary treatmerk the wastewatler passes i f
over rock media tra: nas attached & filmn of through a secondary ‘sedmmutoon mnkior
microorganisms whecn jeed on soluble pot- final clarification. is disinfected by chionnation,

lutants. (Trckling Faer and released 1o the Great Salt Lake.

WASTEWATER SOLIDS PROCESSING

Wastewater solids (siudge) tha: seme out in Thickenec sixage is pumped to anaerobic diges- Digested sludge 1s dewat-2d by air drying and

primary and secongary sedimenissor 2 pumped ters wnwcn gre closed, heated vessels that apgiying 1t Ic agr.cU:-__'f. land as a soil

to & cCOmmOon thickening tank Desre Cageston. biologcaty reduce the sludge mass and kil congitioner and nutneént 3 oplement,
pathogers.

FIGURE 5 Steps in wastewater treatment.
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Structure 23 is the chlorine building. This structure utilizes rein-
forced concrete frames with concrete masonry infill walls. The con-
crete frames were designed and built in an era when the current re-
quirements for ductility had not been developed. The combination of
the nonductile frames and the unreinforced concrete infill walls leaves
this structure wvulnerable to seismic forces. There is a definite lack
of symmetry in this structure. Due to the deadly nature of chlorine,
it is recommended that this structure be given a high pricrity.

The concrete channel structures convey the wastewater from one location
to another within the complex. The bottoms of these channels have
varying depths below grade. The deepest is at the pre-treatment site.
It has a base that is sunk 35 feet below the ground surface. Most of
the channels have been built in integrally with the pipe tunnels that
are located below them. The channel and pipe tunnel structures must
resist hydrodynamic pressures against the wall surface and uplift
buoyant pressures since the water table is near the surface of the
ground. During a seismic event the lateral pressures against the walls
would be greatly increased and the potential for liquefaction of the
surrourding and underlying soils is great (see geotechnical sectiecn).
If there was a disruption of the water flow in these channel struc-
tures, the waste water would have to be diverted around the treatment
facility and discharged into the lake without treatment.

The tank structures are constructed primarily of reinforced concrete.
The walls are supported on thick mats and spread footimg foundations.
The tanks are circular in plan and have an inherent strength due to
their form. These elements have heights In the range of 10 to 15 feet
and are partially below grade. Increased pressures due to earthquake
effects on the walls (external forces due to¢ earth and groundwater and
internal forces due to hydrodvnamic effects) could create a condition
where the steel reinforcing in the walls is greatly overstressed in
radial tension. Overturning of the elements is a potentlal problem due
to possible liquefartion from ground shaking, which would create in-
stability in the foundation systems.

Structure 28 is a tall digester tank that was built to hold a large
volume of sludge. This structure is not in use at this time because of
the excessive energy costs associated with lifting the sollds to the
top of this facility. If this structure were full during severe ground
shaking, the resulting overturning moments would create large founda-
tion pressures and the potential for ligquefaction of the soils would
exist. Specific analysis of the structure was not done, but the hydro-
dynamic pressures created by the contents would probably damage the
tank. Damage to any of the primary digestion tanks would create a
condition where volatile gases would be vented to the atmosphere. This
could result in fires and, possibly, explosions.

The pipe tunnels connect various structures within the complex and
provide access ways for personnel and utilitles. The ftunnels are
buried and are constructed cof reinforced concrete. Earthguake forces
generally would not affect the structure of these tunnels but could
cause cracking of the walls due to dislocation at the point where they
join at major structures., The tumnels also might tend to become bucy-
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ant duye to liquefaction. Certain long tunnels could crack due to the
wave shape resulting from surface ground motion and this could disrupt
the flow of water in the channels above.

Nonsttuctural Elements

Appendix A of this paper alsc presents an inventory of the nonstruc-
tural features of a few of the facilities and an approximate cost to
brace the items against seismi{c forces (see Rietherman, 1985). There
are many different types of nonstructural elements to consider. The
summary of these costs is given in Table 2. The nonstructural compo-—
nents are very vulnerable to the effects of seisalc ground motion.
These elements (piping and pumps especially) are essential to the
operation of the plant. Backup power systems also need to be securely
anchored and braced in order to be operational following an earthquake.
The individual work sheets (see Appendix A for samples) for each of
these structures has an itemized listing of the quantity of each type
of nonstructural elements. Special attention shouid be given to toxic
and flammable substances that are stored in a few of the facilities.
It should be noted that it is very difficult in many cases to determine
the exact guantity of each item listed in the table. The associated
costs are therefore approximate. Many of the tasks are simple te
accomplish and could be done by plant personnel.

Ciguefaction Study

The liquefaction potential at the water Reclamation Plant has been
evaluated by Dames and Hoore at the request of Reaveley Engineers and
Associates, The basic conclusion of the report that was written is
that the saturated gramular site scils have a high liquefactien poten-
tial. Hany of the structural facilities could experience dapage in the
fors of excessive settlemsents, overturning due to bearing failure, and
buoyancy uplift due to earthquake ground shaking. Connecting tunnels
and pipes could sustain extensive damage.

Liquefaction, when referring to cohesionless soils, 1s the process that
transforms the soil from a solid state to a liguefied state. This
happens when earthquake ground sotion causes increagsed porewater pres-
sure and a resultant decrease in effective intergranular pressure.

factors that affect ligquefaction include: ground acceleration, dura-
tion of shaking, soil type, particle size and gradation, water level,
relative density, arnd confining pressure. (Liquefaction potentlal is
the greatest where the ground water level 1s shallow and loose find
sands occur within a depth of about 50 feet.

The following is a list of ligquefaction mitigation techniques presented
by Lew (1984}:

1. Scil Improvemenit Hethods
- Dewatering
e Relief wells (to reduce porewater pressures)

8



TABLE 2 Costs of Recommended Rehabilitation Steps for the Water Rec-

laantion Flant

Structure Structural Nonstructural Combined
Number Elepents Elements Cost
1" $ 55,700.00 $ 12,173.00 § 67,873.00
2 4,000.00 4,130.00 8,130.00
3 34,000.00 21,680.00 55,680.00
4~ 10, 020.00 8,490.00 18,510.00
5 NRT 1,430.00 1,430.00
6 NR NR NR
7 11,200.00 5,890.00 17,090.00
8 1,500.00 11,615.00 13,115.00
9 6,600,00 17,500.00 24,100,00
10 NR 11,200.00 11,200.00
11 1,500.00 1,830.00 3,330.00
12 MR 4,730.00 4,730.00
13 NR MR NR
14 NR NR NR
15 NR 1,930,00 1,930.00
16 NR NR KR
17 7,100.00 3,130.00 10,230.00
18 NR NR NR
19 NR NR NR
20 NR NR NR
21 2,500.00 830.00 3,330.00
22 NR NR NR
23 50,000.00 4,540,00 54,540.00
24 NR NR NR
25 NR 66,040.00 66,040.00
26" 300,000.00 NR 300,000.00
27 NE NR NR
26 NR NR NR
29 KR 575.00 575.00
30 NR NR NR
31 NR 962.50 962,50
32* 89,000.00 29,070.00 118,070.00
33 NR 36,870.00 36,870.00
34 5,600.00 NR 5,600.00
35 NR 44,100,00 44,100.00
Total §578,720.00 $2688,715.50 $667,435.50

“See example description of deficiencies and corrective actions in

Appendix A.

tHR = none required.
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Stone columns (vibro-replacement)

¢ Excavation of poor solls and replacement with compacted
fill

- Grout injection (compaction grouting)

e In situ densification (e.g., vibroflcotation, terraprobe,
impact densification, dynamic compaction, compaction
plles, etc.)

] Placement of additional fill {to increase overburden

pressures amd soil strength)

2. Structural Fortification
- Strengthen structural connections
¢ Add graded beans and tie beans
¢ Extend pile support into deeper =table soils

Of the suggested possibilities, the use of relief wells in conjunction
with coapaction grouting and the placement of additional fill materials
appears to offer the most practical and cost-effective approach to
mitigation of the liquefaction hazard at this facility.

Detailed suggestions for corrective actions to alleviate the liquefac-
tion potential are beyond the scope of this paper but should be con-
zidered in a future study.

The consegquence of liquefaction at this site woild be disastrous and
could destroy the facility.

Implications of the Great Salt Lake

The wastewater treatment plant is located in an area of the valley that
has the lowest ground surface elevation in the city. This allows the
waste water to naturally flow to this point. The rising level of Great
Salt Lake presents a potential hazard to the treatment facility. If
the lake continues to rise, the site could become submerged. The Utah
Geclogic and Mineral Survey (1986) has stated that the lake level
should be anticipated to reach elevation 4217. With the lake at the
present level {(4211), a aajor displacement of the Salt Lake segment of
the Wasatch Fault would have serious consequences. The various pump
stations within the plant are required to 1lift the effluent to an
elevation that allows it to flow out to the Great Salt Lake. Loss of
these pumping systems would result in a massive lake of untreated waste
water. There is a bypass canal that could be used to route the waste
water arond the plant, but it would require pumping the waste water
over an earth levee., 5Salt Lake Count{y currently pumps storm water tat
this point. At the present time, the banks of the canal separate the
lake from the treatment plant. Subsidence of the soils beneath the
banks of the ranals is a real possibility during ground shaking.

Another serious potential problem was discussed by Keaton (1986). This
problem is assoclated with the likelihood that the surface of the
valley floor would tilt downward towards the east. This 1s a result of
the valley floor dropping relative to the mountain range on the east.
Large areas in the vicinity of the wastewater treatment plant could
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become inundated by the lake water as it follows the new ground slope.
This is a serious problem that has disastrous consequences. Long-range
planning should be taken to deal with this possibility.

Susmary and Conclusions

Sale Lake City's existing wastewater reclamation plant was evaluated
for its vulnerability to seismic forces. The following is a summary of
the findings and conclusion of the evaluation:

1.

2.

The facility is located in a region of potentially high ground
acceleration due to seismic activity.

The subsoils in the vicinity of the facility have a high
liquefaction potential. Many of the structural facilities
could experience damage in the form of excessive settlements,
overturning due to bearing failure, and buoyancy uplift.
Connecting tunnels, channels, and pipes could sustain exten-
sive damage. Costs were not estimated to correct this prob-
lenm.

The structural facilities are, in general, reinforced for the
effects of seismic forces, but there are many specific things
that could be implemented to increase the seismic resistance
of the various elements. These corrective. actions would
minimize the effects of ground motion. Many of the listed
actions are very cost-effective.

The nonstructural coaponents are very vulnerable to the ef-
fects of seismic ground motion. These elements (piping and
pumps especially) are essential to the operational capability
of the plant. Backup power systems need to be securely an-
chored and braced in order to be able to operate the facility
following an earthquake.

The subsidence potential of dikes and earth levees during a
seismaic event is high due to the structure of the subsoils.
The consequence of this happening should be evaluated.

The possibility of the Great Sale Lake rising to elevation
4217 should be considered. A lake surface at this elevation
would be disastrous to the operation of this facility and to
the ability of Salt Lake City to dispose of its waste water.

In conjunction with Item 6, the possible lake effects due to
large scale ground tilting during earthquake action is a
potential problem. Long-range planning should be implemented
for this possibility.
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LITTLE COTTONWOOD WATER TREATMENT PLANT

The Little Cottonwood Water Treatment Flant treats approximately 50
percent of the Salt Lake Valley's culinary water supply. Construction
of the plant was completed in 1960 and is located at 9000 Scuth Danish
Road in Sandy City (Figures 6 and 7). Its water sources are the Little
Cottonwood Creek and the Deer Creek reservoir aqueduct. Water from the
Little Cottonwood Creek flows through the MHurray City Power plant
{located to the east of the plant) and then to the treatment plant. A
portion of the water is then routed into the screen house of the treat-
ment plant and then to the inlet control building. Water from the Deer
Creek reservoir aqueduct first enters a diversion structure where it
can be routed to either the inlet control building for further treat-
ment or it may be routed through a bypass to the outlet building with-
out being treated. The plant currently has a saximum capability of
treating 115 million gallons of water per day. -This is well below the
capacity of the conduits that supply water to the treatment plant.
Those conduits have a capacity of about 215 million gallons of water
per day. After treatment, the water flows into the Salt Lake aqueduct
which carries the water to the terminal reservoirs for storage and use.

The Little Cottonwood Water Treatment Plant consists of nine major,
different atructures, eight of which are interconnected. Appendix B
contains a brief description of each structure. Figure B8 is a site
plan of the facility. The screen house is the only structure that does
not have a wall in cosmon with another structure. Above ground, the
structures are constructed primarily of concrete or masonry walls with
metal panels on one or more of the exterior sides. Some of the facili-
ties also have structural steel within the shell of the structure which
supports the steel decking and built up roofs. Some of the roofs have
ground parapets. All basins, the garage, and all levels that are below
the ground level are constructed of reinforced concrete walls and
concrete slabs on grade.

Figure 9 is a depiction of the seven major steps that all water treat-
ment plants utilize to one degree or ancther. Some of the steps may
differ somewhat from cne piant to ancther. Also some of the steps may
be combined into one step or use a different system for the same step.
The Little Cottonwood Treatment Plant accomplishes all seven steps but
in a slightly different sanner from what has been depicted. This plant
utilizes aerator basins which are not shown to be a part of the seven
major steps. If a specific step in the process is eliminated (due to
plant inoperability)}, the efficiency of the following steps becomes
very low or the steps become impossible to perform.

The plant was previously studied by Eguchi and Taylor (1984). The
following description of the plant flow process is taken largely from
this reference. Fiqure 8 is provided toc help with understanding.

Once the water enters the diversion structure from the Deer C(reek
reservoir aqueduct, it proceeds through the plant. Bypass capability
from the diversion structure to the outlet building is available, but
without cniorination capability. Water also is available from the
Little Cottonwood Creek which enters the screen house where debris is
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removed. The screen house is especially needed for removing debris in
the spring and fall. Deer Creek Reservoir is the major source of
water, with variable flows from the Little Cottonwood Creek that natur-
ally provides more water in the spring.

The inlet control building receives water from the screen house and
also from the diversion structure. The inlet control building leads to
aeration channels and the mixing area, where the flows enter a distri-
bution channel and then enter coagulation and mixing basins. It is
after water has passed through the aeration channels that chemicals
from the chemical building are added to the water. The chemical build-
ing does not actually make up a link in the system of water flow,
although chlorination piping and other conduits connect various systems
with the chemical building to other parts of the plant.

Water flows from the coagulation and sedimentation basins to filter
basins located within the filter building. There are ten coagulation
and sedimentation basins and ten filter basins. As a result, barring
considerable permanent displacement, it is unlikely that all basins
would be damaged in an earthquake. Even if several basins are damaged,
those can be valved and repaired while flows continue in the other
available channels.

From the filter basins, water flows into the pipes in the pipe gallery
also located in the filter building to a post chlorination area, one of
several points connected by piping to the chemical building so that
chlorine can be added. ¥from this area, water can flow either into the
backwash system or to the outlet building.

Water for backwashing the filter beds is stored within the administra-
tion building. The plant can generally operate for one day before
backwashing is indispensable. Backwash water flows to the waste wash-
water tank from where water can be routed back to the inlet control
building.

Structural Elemsents

The structural elements can be grouped into the following classifica-
tions: buildings, reinforced concrete channels, reinforced concrete
basins and pipe tunnels. Each structural element houses a different
function of the plant or houses equipment and materials which help with
a specific function being performed elsewhere within the plant. Each
structural element contains a wide range of architectural, structural,
mechanical, electrical and piping systems.

Appendix B of this paper contains examples of listings of structural
deficiencies of structural elements and suggested methods of correcting
the deficiencies. Approximate costs to implement the corrective action
are included in Table 3. The structural facilities are in general not
reinforced for the effects of seismic forces. There are many specific
corrective measures which could be implemented to increase the seismic
resistance of the various structures. These corrective actions would
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ainimize the effects of ground motion and make the facility more resis-
tant to earthquake forces.

TABLE 3 Cost of Recommended Rehabilitation Steps for the Little Cot-
tormood Treatment Plant

Structural Nonstructural Comhined Accum.

Structure & No. Elements Elements Cost Total

Admin., 8" $300,000 $24,513 $324,513 $ 324,513
Dist. & Drive, 5 240,000 4],340 281,340 60%,853
Cheaical, 4 12,000 54,590 66,590 672,443
Coag. & Sed., 6 900,000 NA 900,000 1,572,443
Garage, 9 532,000 12,565 544,565 2,117,008
Filter, 7 12,000 3,030 15,030 2,132,038
Inlet Con., 2 2,500 850 3,350 2,135,388
Screen Hse., 1 1,100 350 1,450 2,136,838
Aerator bBas.,3 NA 7,100 7.100 2,143,938

NOTE: Recommended rehabilitation steps are listed in order of impor-
tance, the first step being the highest priority.

*See example description, findings, evaluations, and recommendations in
Appendix B.

Nonstructural Elemsents

Appendix B also contains sample listings of the approximate quantity of
each type of nonstructural element housed within a structure and the
approximate cost to brace the items against the selsmic forces. A
summary of these costs is included in Table 3. Much of the bracing is
simple to install and could be done by plant personnel. The nonstruc-
tural components are very vulnerable to the effects of seismic ground
motion. These elements (piping and pumps egpecially) are essential to
the operation of the plant. Back up power systems also need to be
securely anchored and braced in order to be able to coperate the facil-
ity should they be needed. Special attention should be given to toxic
substances that are stored at the plant. It should be noted that it is
very difficult in many cases to determine the exact quantity of each
nonstructural item and that the actual quantities will very somewhat
from those reported.

Geoclogic Setting

The Little Cottonwood Water Treatment Plant is located along the east
edge of =nhe Salt Lake Valley at the mouth of Little Cottonwood Canyon.
The mair fzult line lies to the east of the plant and is between the
plans a~? <he mountains. The fault trace is within one gquarter of a
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mile of the facility. The plant is on the down thrown side of the
normal fault and may be within the zone of surface deformation.

The water that is supplied to the plant crosses the fault zone. If
this segment of the fault moves, the conduits that contain the water
will surely be disrupted. Emergency plans should be formulated to deal
with this potential. These plans should include the alignment and
containment of Little Cottonwood Creek, and the containment of the
water in the Deer Creek aqueduct. It might be prudent tc stock extra
sections of the large diameter concrete pipe of which the aqueduct is
constructed. Sections that have bends in them as well as straight
pieces could easily be stocked In the proximity of the fault line for
emergency use. Valves that control the flow in the agueduct should be
studied for their vulnerability and location with respect to the fault.

The near proximity of the fault guarantees that elements of the plant
would experience high levels of ground shaking if there were slippage
at this section of the fault. High levels of vertical acceleration as
well as horizontal motion should be anticipated.

Conclusions

The Little Cottonwood Water Treatment Plant was studied for the seismic
vulnerability of the nine main structures which make up the facility.
Construction of the facility was completed before seismic design regu-
lations were adopted by the building community in the Utah area.
Structural systems were designed for earth, wind, or water forces.
Most nonstructural components were not considered for anchorage or
bracing for earthquake forces. These and other observations lead to
the following conclusions conceming the water treatment plant:

1. The facility is located in a region of potentially high ground
acceleration due to seismic activity. Ground surface deforma-
tion may occur at this site due to its close proximity to the
fault line.

2. The structures are subject to damage and cocllapse from ex-
pected selsmic forces. However, the structures can be seis-
mically retrofitted to increase the seismic resistance of the
various structures to resist the expected seismic forces.
There are many specific things that could be implemented.
These corrective actions would minimize the effects of ground
motion. Many of the listed actions are very cost effective
and do not appear to be prohibitive considering the consequen-
ces of any of the elements becoming inoperative because of a
large earthqguake.

3. Probable collapse potential exists for the administration
building, chemical building and garage.

4. The drive room and also the coagulation and sedimentation
basins were not designed for the hydrodynamic forces generated
during a major earthquake. The walls of these structures were
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designed for hvydrostatic forces that are many times smaller
than the expected hydrodynamic forces generated by an earth-
aiake,

5. Retrofitting the administration building was deemed to be the
maost Important of the recommended rehabilitation steps because
the filters would become Inoperable after a short period of
time; somewhere between 24 and 72 hours. The administration
building also houses many of the instruments needed for moni-
toring all of the functions of the entire facility. It is the
nerve center of the facility. The administration building is
probably the least seismic resistant structure at the facil-
ity.

6. The distribution channel and drive room was deemed to be the
next most important structure for needed rehabilitation steps
because if any of its walls were to fail, It is possible that
water could never reach the fllters. Also, substantial quan~
tities of electrical equipment and pathways for water to reach
cther areas of the plant housed in this structure.

7. The chemical buliding was deemed to be the next most important
structure for needed rehabilitation steps because it houses
all of the chemsicals used in the water treatment process.

8. The nonstructural components are very vulnerable to the ef-
fects of seismic ground motion. These elements {piping and
pamps especially) are essential to the operational capability
of the plant. Backup power systems need to be securely an-
chored and braced in order to be able to operate the facility
following an earthquake.
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APPENDIX A

WATER RECLAMATION PLANT

NOm-STRUCTURAL ELEMENTS
Hater Recismation Plant
1850 North Redwood Rd.

Salt Lake City, UT BdLIG
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Vater Reclamation Plant
1850 North Recwood M.
Salt Lake City, 47 84116

WON-STRUCTURAL ELEMENTS
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STRUCTURE: 0,327 CENTRITUGE BUTLDEMG

r3TX

NOK-STRUCTURAL ELEMENTS
Nater Reclasation Plant
1850 North Redwood Rd.

Salt Lake City, UT B4l16

' ! H Vomr b
[TEN ¢ QTY. !t ORACED ! UMBRACED | BRACING | COST CONRENTS
i : ' ¢ cost | H
-------------------------------------- e e Tt e i -1 Rl
Furnace/do!ler H H H H ] | ;
Vater Neater H H H H $108 | H
Water Tanks HEE B HI | H $14 | 5100 Angle stand
Wenging Bait Heater L I HE | H $1t | 500
foof Top WYAC Equipment ! H : H 1] !
Roof Top Swasp Cooler i H : | $190 H
Pusps for HVAC Equipment : ' : : ' i
Matural Gas Lines T i HEEE SR N - T F SO N L
Gas feter H ' : i H i
Vater Lines S 4 osene o
Celling DIFfuser H : . ! 1 !
Yapor Lines P um’ | HE | H + TIPS 11 M 1
Compressor Tanks HE S I | i e un |
Puaps [iater : : i i H H
Pusps /51 wdge H ! ! H H !
Storage Noppers H : ! ) H i
Storage Bins [ B . H e | Iw |
Piywood Storage Bins A T 1oox H 11 I 1]
Energency Generator H ' : ' n | :
Emergency Batter!es H H H ' 14 I 1
Transformers [ S T ! 129 | sith | Mistent to wall
Battery Powered Lights H ' : H "o :
Light Fixteres HE { B H x H $30 ! $7T20 | Incaed. hung from ceil,
Electricat Panels/Equipment | Tox ' 3] I 1K | I
Electricat Condult VW) 1ox HI 1 AT T | I
Yapor Boxes H 1 H H H $iM $IH0 | Vert.-Floor mounted
1 ] 1 ) 1 ]
] L] L] 1 [} 1
Parapets H : : HI T1713 S '
Chimeys HE B x : o | ;
Exterfor Cladding/Ornesentstion H H H 1 ! !
Iaterior Partitions/Muilt-1n H H ; HI 14714 S }
Interior Partitions/Novable H H H HI 41 7.4 S '
Celling Systess H H ! P 825 Rt !
Overhead Door and Supports H i H ' Ha | H
Talt Storage Recks/Shelves HE B I | ' 129 0 I
Of fice Equip/Computers/Printers ! ! H H ™ 1
Tatl File Cabinets/Fyrnishings H H H H $8 ! !
Lockers H | S ¢ H $30 | x|
Sevs and Woodworking Equllp. L T T 5. B
1 ] [} (] [ 1
] ] ] 1 ] 1
Communication Equipment . ; ! / 1L i
Fyel Pumps H H H H Var. | '
Steel Tonks w/Compressed Gas H i H H o i
Chemical Storage/Clesning Rat’l H H H H Yar, | !
Fire Extinguishers I Cabinety I B HE | ! Vor. ! 90 ! Vall humg-no cabinet
! ! ! ¢ HEETTTT T S
H ' ' H TOTAL | $29.470 !

BEXZRXERTIIRERNEET

93

ITXSANER =



TIROA 7 : ;
ponNv/ozyg S1IATT NIV ONY "HIddn
1314$ ‘3004 @ S1IM0O ¥ SUOHINY
G02'588 | 000'SER 417928 . JAISIHAY STIVM 1SV OV .
ILIHNG HIBONNO M3 00.21 @ Su /M QIS5IHLSHIAN
' 7 Q3IH04NIIY " ILINNG 10 HIAVT .k 34V $1IVM AUNOSVL
Jaas002s
n0L'Ee WD :,u..F,
ji474 A,PH (U2 ?n.u, ..-.ﬂ 20.91 @
1109 13108 vi).8/S ANVSIIVIA.L91/§ X ./ SNOMNIINGY
/01 s HLA SIONVES 131 379000 17 INHG) 10N GLEVIH VI [0
R -
. 150D NOIL)Y AINIIDI110
SINILWOD ] LS0D
HWNJJVY FA11IIHHOD IvHN1LIONHLES

SOTRET IO 00T V] D

|
Pl n A

FIM00 400 3903 B )
019 NG Led 1HIG 1)

IIAITYIMOT 1 1S N0DZ
SURITHIGIN TNIVLL T 0071 IV THY

MR s LD S NIIYY e N LINULE

GLIVR 10 "ATID DAV 1IVS
AVO AOOMA ItE HIHON 0404
ANV 1 NOLLYWY I3 YLV A

94



y . STV, GHY 4004 01 2°C .91 &
0I0'GLL F 00193 | 13/5£305 61100 1D .9/5 /M ILVTd INID b/ ‘QIHSI19VIST L0
%.6 X .8 HLIA TIVM OL 2004 19INNCD | $1 2004 40 NOITOV LIOVHH JVIQ
133MNOD )
o M ALY 51
oz6ss | nozz z
691 | oozzs | so00s vmy0 | HONNYH ONIYVIE 3HL 01 637
HOWAVH 0F 037 331 379704 L33NNOD | 331 37900 3H1 30 NOI LIINNDD
‘61109 NOISNY4X3
HLIA LMI0d ONIYYIA HOVI LY 13HYd
0ze1% | ozzis 1is018 1IVas GL LDINNOD S1INVd 1IVM 40 |
HINNYH BNy M0139 31v0T S 1I¥M
01 31VTd INOD b/ 1 X .§ YHIVILY 4004 JHL 1Y SI1L QHOHS ON
. 1503 1502 NOI LDV AJINIID1430 H
SINIWWOY | 150D
LNJY 1INN JAILIIHHOD WHNLINHLS 113
1105070 Y JYHY
TR0 7 VA TN Y ST ) YA Aty

Jonnt 311 4

doce ) s - 11 SN0 d IS Id

9l

EMIANNG WNEYHINID B CJHNL DNHILS

b8 L "ALID DAV LIVS

av otk A00MLI1H HIYON 0581
INV1d NOLLYHY 103 d3LYAM

95



3I0ANVE 1SIHOIH JHE QL 4N YOIYILX
ONNOYY 3319V NOISNIL - 1S0d VUM ONY
HOLLVINSNI NV JLINND ONLLSTXT 3A0M3Y

NOI1IV
JA11334H0D

SAVOT MUSIIC HO 3 ALIDVavD| !
AYVSSIIIN 11 IAWH LON
$30Q 1331S 3IISN3L YOIy
AINAIDN430
._<~==,u=~=m

. _ . “JLINAG GNY NOILVINSNE 39¥1d3Y “13A3 7
foco’oog gooo' ore _ﬁooo 0014

GIN INWOD .n%%%,‘ ism | 1592

1308 004 L AMNIVIEIXOAIY IV Y
APNC I3 ONY TUIHOE IR ) JHIAC)
oo Uiy A I T I EORY S OHYAL 31 HN00)
HEEAL Tty TT L b ey T NOEd YD S 30 e Ta e CHISINANAOHINY 9% “JHNIINY LS
GUILR AN AL DIV LIVS

avol aooMmQ it HHIHON 0Gat
INY1d NOILYHVTIIY dI1VY M



00698 | . NNOI 70,91 @ 51108 dX3 vIG
14/S€$ | .9/S ONV 31V1d IN3 . b/1 X.G X.G /M

an n $TWM 015331 319000 19INNOD 3031
non'ees | ooots | t0083¢1 331 316000 NIIMLIE ILINAD D0 .91 @ €
000'0a | ‘1205 | SL108 dK3 VIa.9/5 GNYS3IV1d .91 /5
3¢ X4 /M S3ONYY4 331 318000 103NN0D| 313 1d1OON! SI OV AvIQ 1004]
. on
noc1s foozis | ‘Livs HOV3 00.S1 @ S » HLIM 3DY04NI3Y AL1ovav] 2

/8¢€$ ‘J1IYINOD HJIHL .8 HLIM IIVId3Y ONV] YVIHS AYYSSIIIAN IHL JAVYH LON
S301S & 1TV NO NI J0 AVE INO 3DV143HJ00 STIVAM AHNOSYIN 03040 4NI3Y

110G S¥ 34NLINYLS
JH1 HLIM 3340¥ 10N 00 SNY 14

NOILDYV AJN31D1430
JA1173HHO) TYHNLINYLS

SINIWWOI

STV T NI L) 3OVEG FD YIS 3T IOHOD
LIY38 31 349H0 NO M1 19 MO0 1 31 IHINOD S1IATTHIJIN ONY NIV -'14 DS 00EC W JHV

1% 1 R0 4118114 31 2000 A

511749 3133000 1 N0 ONERYIY 1V
0] 19 144 INOI Ed IMIS 30 ANIFNING IHLIHINIIZS = SJUALDNYILS

9LIPa LN "ALID IV LIVS
avod goomO3Yy H1HON 0581
INYTid NOILYHYT1D3Y ¥3I1YM

97



AFPENDIX B

COTTOHWOOD TREATHMENT PLANT

Structure 6—Ccagulation and Sedimentation

Description

The coagulatjon and sedimentation basing are located in the center of
the plant and occupy the largest plant area. The function of the

coagulation basins is to allow for slow mixing of the chemicals into
the water. Sedimentation then takes place in the sedimentation basins.
During the sedimentetion process, the water flows very slowly, allowing
the "floc" (produced by chemicals which attract bacteria) toc settle to
the bottom for pericdic removal. The water then flows to the filters.
The processes occurring in the coagulation and sedimentation basins
correspond to Steps 5 and € of Figure 9.

The basins are built of reinforced concrete beams and walls. The
beams, at an elevation of 5027 feet, provide additional support at the
top of the walls to prevent movement of the walls below. The floor
slabs of the basins are composed of reinforced concrete with varying
top of slab elevations, but the top of slab elevation is generally at
about 5015 feet.

Findings and Evaluatjons

The basins are located in seismic Zone 3 as defined in the 1985 Uniform
Building Code. When the structure 1s analyzed using static forces
generated by using the Uniform Building Code requirements in conjunc-
tion with the method of analysis recommended by AFN 88-3 Seismic Design
for Buildings, all of the walls are stressed more than they are capable
of withstanding. The capacity of the walls separating individual
basins in about 5.2 K-ft/ft while the seismic loads are about 39.4 K-
Ft/ft in the worst case or 14 K-ft/ft under the most favorable assump-
tions. These walls are grossly inadequate for forces generated during
a seismic event, The capacity of the drive room walls 1s about 8.09 K-
ft/ft, while the seismic lcads are about 31.8 K-ft/ft in the worst case
or 11.3 K-ft/ft under the most favorable assumptions. These walls are
also inadequate for the loads which could be generated by a seismic
event.

Recommendations for Repairs and/or Seismic Upgrade

1. It is recommended that the entire length of the wall which separ-
ates the basins from the garage be thickened with a layer of
concrete 8 inches thick placed on both sides of the wall., Each
layer would need tc be reinforced with a No. € bar vertical at 12
inches o.c. and & ko, 4 bar horizontal at 12 inches o.c.
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2. It is recomperded also that the entire length of the wall which
separates the basins from the two tunnels which connect the drive
room to the filter building be thickened with a layer of concrete
8 inches thick placed on both sides of the wall. Each layer would
need to reinforced with a Ne. & bar vertical at 12 inches o.c.
The beams at the top of the two tunnels would also need to be
enlarged in order to carry the large seismic loads.

3. It is also recommended that the entire wall which separates the
basins from the drive room be thickened with a 12 inch layer of
concrete reinforced with a No. 8 bar vertical at 12 inches o.c. at
each face and a Mo. 4 bar horizontal at 12 inches o.c. at each
face.

Structure 8—aministration Building

Description

The administration building is a four story structure with approxi-
mately 5450 square feet at each fleocor. This building performs a vari-

ety of functlons. Besides containing the administrative offices, it
also houses a large amount of monitoring equipment, the main labora-
tory, and two large backwash water tanks. While none of the water
treatment process is performed in this building, it is the last struc-
ture of the plant that the treated water passes through before it is
released into the Salt Lake City agueduct for use by the general pub-
lic.

The floor structure is built ocut of steel deck, beams, and columns.

The floors are constrnucted out of reinforced concrete slabs, beams, and
colunns and walls.

Eindings and Evaluationg

The administration building does not have any type of lateral load
resisting system in the north-south direction. The loads could be
resisted by frames or shear walls but nelther has been incorporated
into the design of the bhuilding. One item in particular adds to the
severity of the problem. It is the two backwash water tanks located on
the top floor. These have a tremendous effect on the static lateral
loads that must be imposed upon the bulldirg. Also, the bullding has
been constructed of a heavy bulilding material, concrete, which also
increases the lateral loads that must be imposed. Also, the concrete
wall at the west side of the administration building is broken and
discontinuous., Any portion of the wall which is continuous from the
foundation upwards would be overstressed by selsmic forces.

Recommendations for Repairs and/or Seismic Upgrade

It is recommended that shear walls be added to the structure at the
east and west sides of the building. These walls would directly resist
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forces in the neorth-south direction and also resist torsional forces
that arise when the forces are in an east-west direction. It would be
best to center these walls In the existing metal panel walls. The
walls would need to he 12 inch thick concrete reinforced with No. 5
bars horizontal at 12 inches o.c. at each face and No. 4 bars vertical
at 12 inches o.c. at each face. The walls would need to 50 feet long
up to elevation 40 feet (the top floor) and then could decrease to 20
feet long up to the roof. Each wall would require excavating under-
neath and underpinning the existing foundations an replacing them with
new ones. An altermate method would be to place the backwash water
tanks outside of the building. This would greatly reduce the seismic
forces that the buiiding would have to resist although the building
woiild still require shear walls in the east and west walls. They would
not need to be so large, however.

It 1s the author’s understanding that the filter beds will coperate for
only about 72 hours without being backwashed. It will be difficult to
achieve the correct connections between the floors and the recommended
concrete walls and it will also be difficult to construct the required
foundations but with the two additional walls, the building could he
brought up to nearly 100 percent of the capacity that is required by
the 1985 Uniform Building Code.
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WON-STRUCTURAL ELEMENTS

Little Cottonwood Matsr Treatment Plant

84092

. U7

3408 South Danish Road
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WON-STRUCTORAL ELEMENTS
Lettie Cottonwaod Mater Treptment Pliant
9084 South Denish Road
Sandy, UT B2

STRUCTIRE: 0.8 ADNINISTRATION BuILDING
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