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SALT LAKE COUNTY WATER CONSERVANCY DISTRICT

MEMORANDUM OF UNDERSTANDING

TO: MANAGERS OF PARTICIPATING AGENCIES AND CONSULTING ENGINEERS
FOR THE AREA-WIDE WATER STUDY

FROM:  ROBERT B. HILBERT
DATE: JULY 27, 1981

SUBJECT: DISCUSSIONS WITH PRINCIPALS OF ENGINEERING FIRMS REGARDING THE
AREA-WIDE WATER STUDY FOR SALT LAKE COUNTY
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On Tuesday, July 7, 1981, a meeting was held at the Salt Lake County Water
Conservancy District to discugs the organization and procedures of the Area-Wide Water
Study for Salt Lake County. Those attending the meeting were:

Consulting Engineers

Charles King, Coon, King & Knowlton {CK&K)

Rod Preator, Eckhoff, Watson & Preator (EW&P)

David Griffith, Horrocks & Carrollo (H&C)

Gil Horrocks, Horrocks & Carrollo (H&C)

Lou Wangsgard, Nielsen, Maxwell & Wangsgard (NM&W)

Salt Lake City Public Utilities Department {(SLC)
LeRoy Hooton '
Wendell Evensen

3

Metropolitan Water District of Salt Lake City (MWD)
Vaughn Wonnacott

Salt Lake County Water Conservancy District (SLCWCD)
Robert Hilbert

David Ovard

Matthew Marshall

The details of the meeting are summarized as follows:

1. Study Background: SLC, MWD, and SLCWCD have joined together to
conduct an Area-Wide Water Study to identify available water resources in
Salt Lake County to meet the needs of an expanding population in the face of
continuing delays in the construction of the Central Utah Project. Because of
funding limitations, a number of engineering firms were asked to participate
in the study by providing selected personnel for an engineering team on a
direct salary basis, in order to maximize the amount of information that could
be developed for the $60, 000 available to the sponsoring agencies.
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2, Team Organization: John Johnson, H&C, has been selected as the
team leader. He will be relocated by H&C to Salt Lake City for the duration
of the study. Other team members will be drawn from CK&K, EW&P, and
NM&W as needed, according to their availability as summarized on the
revised Engineering Team Personnel Sheet (attached).

3. Facilities; The engineering team will be housed at the office of the
SLCWCD. Office space, furniture, supplies, telephones, copy machine,
secretarial help and other services will be made available by the SLCWCD.
Identifiable office expenses will be shared equally by the three participating
agencies. Transportation for study activities will be made available as
needed by the agencies.

4, Billing Procedures: The participating agencies will reimburse the
engineering firms for the direct salary of involved employees based on the
annual salary for such individual divided by 2080 hours times the number of
hours of involvement. Bonuses will not be included in the direct salary
determination, Fringe benefits, payroll taxes, and other expenses other
than direct salaries will be borne by the engineering firms. H&C will bear
the entire cost of relocating and maintaining John Johnson in Salt Lake during
the term of the study. Each engineering firm will bill the SLCWCD monthly
for the direct salary reimbursement of involved employees. The District
will verify time and involvements and pay the direct salaries as billed. The
District will bill SLC and MWD for their share of the direct salaries and
office expenses.

5. Starting Date: John Johnson will arrive in Salt Lake, July 13 or 14, to
begin work.

6. Initial Task: The team leader will review the preliminary scope of the
study, make recommendation for scope refinement, and develop a flow chart
of events and a budget and schedule for utilization of support members from
the other engineering firms. This information will be mailed to the principals
-of the engineering firms and provided to the participating agency managers by
July 27, 1981. The next meeting of agency representatives and consulting
engineers was suggested for the week of August 3, 1981.

[T
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7. Coordination of Study: As each task is completed or whenever review

of the progress on any specific task is required, the team leader will mail a
summary of the task-related activities and conclusions to the principals of

each firm. Upon the request of any of the principals, a meeting of the

principals will be called to review the task or study progress. Overall
management of the study will proceed under control of the agency representatives
in consultation with the principals of the engineering firms. An advisory panel
comprised of representatives from a variety of local interests will review the
progress of the study and make recommendations to the agency representatives
as appropriate.

8. Other Services: Services provided by SLC or MWD will be submitted
to SLCWCD for consideration in sharing the costs of the study.

Salt Lake County Water Conservancy District

\_/;,/,; 27 ¥

Date

Salt Lake City Public Utilities Department

f?&&m.{ R o paly July 27 /9%

TeRoy Hoo{fj, Director \ Date

Metropolitan Water District

—
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{ Layzf,/{._,&{ /{wwfa_(,&%‘j ijd..ﬁ-a 27 /G5 /
Vauglin W(]‘fi'n.nacott, General Manager Date 7 ’




SCOPE OF WORK

TASK 1: POPULATION & WATER USES

A, Population: -
1) Present -~ Total County (Agencies to Furnish Basic Data)

2) Future Population Factors -- MX, Syn. Fuel, Intermountain
Power Project

3) Projections -- 1990 & 2000 -- Total County (Agencies to
Furnish Basic Data)

B. Water Uses:
1) Present -- Annual & Peak Demands for Municipal & Industrial
for County, Irrigation Water, Evaporation by Lake or Streams

and Discharge to Great Salt Lake

2) Present and Future Water Conservation Measures -- Individual
Home Inside and Qutside Uses, Recycle and/or Reuse Potentials

3) Future -- Annual & Peak Demands for Municipal & Industrial

for County, Irrigation Water, Evaporation by Lake or Streams
and Discharge to Great Salt Lake

TASK 2: IDENTIFY EXISTING WATER RESOURCES

A. Mountain Streams:

1) Determine Dependable Yield of each Stream -- Establish Annual
and Monthly Variations in Flows, Determine Excess Flows
(Assistance from City Hydrologist)

2) Determine Present Quality Ranges

3) Identify Existing Treatment & Storage Capacities

4) Identify Present Water Use & Exchange Agreements




Imported Water;

1) Determine Available Quantity ~- Establish Annual and Monthly
Variations in Flows, Determine Excess Flows

2) Determine Present Quality Ranges
3) Identify Existing Treatment & Storage Capacities
4) Identify Present Water Use & Exchange Agreements

Utah Lake & Jordan River:

1) Identify Canal Systems

2) Determine Dependable Yield -- Establish Annual and Monthly
Variations in Flows, Determine Excess Flows

3) Identify Present Quality Ranges
4) Identify Present Water Use & Exchange Agreements

Great Salt Lake:

1) Determine Water Surface Fluctuations
2) Determine Present Quality Ranges

Croundwater:

1) Identify Well Fields

2) Review Available Data -- Establish Annual and Monthly
Variations in Groundwater Levels. Determine Flows
(Use Ranges -- More Exact nformation to come from

Current USGS Study)

3) Determine Present Quality Ranges (Use Ranges -- More
Exact Information to come from Current USGS Study)

4) Identify Present Water Use & Exchange Agreements

3) Subsurface Drainage Systems



E, Springs:
1) Identify Spring Locations
2) Determine Dependable Yield -~ Establish Annual and Monthly
Variations in Flows, Determine Excess Flows
3) Identify Present.Quality Ranges
4) Identify Present Water Use & Exchange Agreements
G. Wastewater Effluent:
1) Determine Effluent Quantities -- Establish Annual and
Monthly Variations in Flows, Determine Excess Flows
2) Identify Present Quality Ranges J
3) Identify Existing and Proposed Treatment Facilities
4) Identify Present Water Use & Use Agreements

TASK 3: DEVELOPABLE WATER RESOURCES

A, Mountain Streams:

1)

2)

3)

4)
5)
6)

7)

Determine which Streams have Sufficient Water to Merit
Storage Reservoirs and/or Treatment, either Singularly
or Collectively

Investigate New Storage Sites and/or Expansion of Existing
Storage Sites on Streams Selected in [tem 1

Investigate Possible Expansion and/or New Treatment
Possibilities on Streams Selected in Item 1 in Combination
with or without Storage

Investigate Groundwater Recharge Potential

Invesgtigate Canyon Groundwater Recovery

Investigate Power Potential

Estimate Cost of Viable Projects




Utah Lake & Jordan River:

1) Analyze Existing Data for Projection of Future Water
Quality

2) Investigate Treatment & Storage Possibilities
3) Investigate Power Potential
4) Estimate Cost of Viable Facilities

Creat Salt Lake:

Investigate & Cost Treatment Facilities

Groundwater:

Subject to Current USGS Study
Springs:

Investigate & Cost Collection, Treatment & Storage
Facilities

Wastewater Effluent:

Investigate & Cost Advance Treatment Facilities

Valley Storage:

Investigate & Cost Storage Sites & Associated Treatment
Facilities

Special Projects:

1) Investigate & Cost Dual Water Systems

2) Investigate New Water Exchange Possibiliﬁes



TASK 4: MEETINGS

A.  Advisory Meetings:

Four Briefings ~- One on Scope, One after Task 2, One
after Task 3, and One after Review of Draft Report

B. Agencies’ Briefings:

1} Monthly Formal Briefings

2) Informal Individual Briefings as Required

TASK 5;: PREPARATION OF REPORT

A. Draft:

Complete Corresponding Chapter after Each Scope
Task

B. Final:
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SALT LAKE COUNTY WATER RESOURCES AND WATER DEMAND STUDY
THROUGH THE YEAR 2000

CONTRACTING AGENCIES
There are three agencies interested in contracting for this

proposed Water Resources and Water Demand Study. They are the
Metropolitan Water District of Salt Lake City, Salt Lake County Water
Conservancy District, and Salt Lake City Corporation.

These three agencies through their Boards of Directors for the
first two and the Advisory Board for the latter represent nearly all of
the County's water and governmental agencies. For all practical purposes
all of the additional M & I water needed within Salt Lake County by the
year 2000 will be furnished by these three agencies.

PURPOSE OF STUDY
A preliminary study of water supply and water demand in Salt Lake

County indicates that in the event of another drought such as occurred in
1934 in this area there will be insufficient water to meet the M & I
needs of the County. For example, the total water demand during 1979 was
174,000 AF. Under 1934 stream flow conditions available developed water
resources would only be 165,000 AF, including the full Deer Creek
Reservoir storage.

Obviously, the block of water secured through the Deer Creek
project of the early 1940's has reached its Timit. Another block of
M & I water must be secure to meet present needs as well as those of an
expanding economy.

Salt Lake County has experienced a 31 percent increase in growth
during the past decade. Long term projections made in the 1980 report of
the Salt Lake County Division of Water Quality and Water Pollution
Control indicate that the County's population will increase from its
present Tevel of approximately 600,000 to over 900,000 people by the turn
of the century. Factors which may accelerate the County's population
growth which were not included in the above stated population forecast
are:



1) Accelerated development of Utah's energy resources

2) MX Missile project and other national defense programs

3) Continued high birth rate for local residents

4) Central location in the West making Salt Lake County a natural

hub of economic expansion
5) An environmental setting offering an unexcelled variety of
recreational opportunities
6) A life style ranked by a number of national organizations as
the best in the United States
This high growth rate must be supplied by additional water
resources and this study will provide the information necessary to
identify additional water supplies available to the Salt Lake Valley.

NEED FOR STUDY

In recent years strains have been placed upon existing water
resources and water facilities within the County by the rapidly expanding
population and economy. Water agencies in the County have been looking
forward to the completion of key facilities in the Bonneville unit of the
Central Utah Project to alleviate their water supply problenms. Water
deliveries from this necessary water development project were originally
anticipated in 1974, Funding delays and environmental and safety
concerns associated with the Jordanelle Dam, the project's chief water
storage facility for Salt Lake County, have pushed back the anticipated
delivery date of the block of water from this project to at least 1989,

This study will identify water resources that can be developed to
insure adequate water supplies for droughts or water-short years until
the propesed block of M & I water is made available through the Central

Utah Project.

SCOPE OF STUDY

This study will identify water resources available to Salt Lake
County, including local surface and subsurface resources, existing and
potential raw water storage within the basin, and surface imports to
supplement local resources, and will develop cost effective alternatives

on how these water resources may be most effectively utilized.




SPECIFIC TASKS

I. Identify water resources and evaluate feasibility of use based upon

availability, water rights, and cost effectiveness.
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12)

Local canyon streams

Groundwater/springs

Imported water

Raw water storage

Conversion or exchange or irrigation water for domestic use
Uses of Tow quality Jordan River and Utah lLake water
Uses of Tow quality underground water

Desalination of the Great Salt Lake

Wastewater effluent reuse

Dual irrigation systems

Conservation

Other concepts

With emphasis on developing new M & I quality water resources.

II. Determine water demand based on population growth and economic

development, and draw conclusions on how water resources can be

effectively utilized throughout the County.



TABLE 1

EXISTING MUNICIPAL WATER SUPPLY IN
SALT LAKE COUNTY UNDER
AVERAGE PRECIPITATION CONDITIONS

SOURCE
Groundwater (wells & springs)
Local Streamflowd
Deer Creek Reservoird

Total Supply

Computed as mean value from all years
plants on City Creek, Parleys Canyon,
Little Cottonwood Canyon

bassumes full annual allotment

SUPPLY IN ACRE-FEET
68,600
54,700
61,700

185,000

of operation for treatment
B1g Cottonwood Canyon and

TABLE 1I

1979 MUNICIPAL WATER USE IN
SALT LAKE COUNTY (in AF)

SURFACE WATER GROUNDWATER

AREA TOTAL
Salt Lake City 97,153
Service Area
Salt Lake County Outside 77,562

Salt Lake City Service Area

Total 174,715

83,629 (86%) 13,524 (14%)

25,719 (33%) 51,843 (674)

109,348 (63%) 65,367 (37%)




TABLE ITI

PROJECTED WATER BUDGET FOR SALT LAKE
COUNTY WITH EXISTING SUPPLIES

YEAR POPULATIONC DEMAND (!-\F)d SUPPLY (AF) DEFICIT (AF)

1980 621,000 174,700 185,000 --

1985 707,000 199,000 185,000 14,000
1990 793,000 223,000 185,000 38,000
1995 848,000 239,000 185,000 54,000
2000 904,000 254,000 185,000 69,000

CSummarized from Salt Lake County Water Quality & Pollution Control
Report, July 1, 1980 Economic Demographic Futures: 1980-2000.
O0dd years are straight-line interpolation.

dassumes demand per capita remains constant at 1980 level.






PROPOSAL FOR GROUND-WATER
STUDY FOR SALT LAKE VALLEY

PHASE TI1I



Froposa!
Ground-water conditions in the Jordan Valley, Utah,
with analysis by flow and solute-transport models
INTRODUCTION

The Jordan Valley {also known as the Salt Lake Valley} increased in population from 459,000
in 1270 to 618,000 in 1980, the latter being 42 percent of the population of Utah. The vailey
includes Salt Lake City, and it is one of the fastest growing areas in the State. Future demand for
water is a concern of local and State manaders and planners, especially because delivery of water
from the Central Ufah Project will be delayed until the late 1280’s. Many water managers believe
that ground-water use will have to increase greatly in the next 10 years, and they are uncertain
about what the specific effeéts of such increased use will be.

Problems that possibly might occur include large declines in water levels in heavily-pumped
areas, migration of poor-quality ground water from the west side and northern end of the valley
into areas of better quality water in the valtey’s central part and eastern side, and {and subsidence.
Water managers need an analysis of the current state of the Jordan Valley’s ground-water reservoir,
and they also need up-to-date models to predict effects of future development on around-water
fevels and quality.

The drainage basin of the Jordan Valley within Salt Lake County includes about 800 square
miles on the eastern edge of the Great Basin in northern Utah {fig. 1). The valley itself includes
about B0Q square miles, and it is bounded on the east by the Wasatch Range, on the west by the
Oquirrh Mountains, on the south by the Traverse Mountains, and on the northwest by Great Salt
Lake. Elevatjons ranQe from 4,200 feet at the shore of Great Salt Lake to over 11,300 feet in the
Wasatch Range and over 9,300 feet in the Oquirrhs. The study wili focus on ground water in the
uncensolidated basin fili that underlies the valley, aithough study of other aspects of the hydrology
of the valley and its drainage basin will be included if it adds to understanding of ground water in

the basin fill.
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PURPGOSE

The first objective of.the study will be to determine the current state §f the ground-water
system ?n-the valley in terms of water levels, recharge, movement, discharge, water in storage, and
water quality. The‘second. objective will be to design and construct digital-computer models of the
ground-water reservoir which will enable managers to simulate future ground-water development
and its effects on water levels, natural recharge and discharge, and water quality. A third but lesser
objective will be to estimate the potential of land subsidence as related to water-level declines.

The study will meet the principal needs of the cooperators, and it wili provide information on
effects of water-level declines on water quality and migration of water of poor quality. Such infor-
mation‘is sparse for ground-water systems in the Great Basin of Nevada and western Utah. In addi-
tion, this study wiII]be integrate.d with and provide infqrmation for the U.S. Geological Survey’s
Great Basin Regiional Aquifer Systems Analysis {RASA), which will be done during the peribd
October 1980-October 1984.

APPROACH
Information available

A considerable amount of data is available on ground water in the Jordan Valley. Studies by
Richardson (1908}, Taylor and Leggette {1949}, Marine and Price (1964}, and Hely, Mower, and
Harr {1971) have been reported on by the Geological Survey, and much basic data were collected
during these studies and published. Water levels have been measured in observation wells since
1931, and since 1964 pumpage has begn compiled annually and water-level-change maps prepared
annually.

The previous studies have provided a good summary of the hydrogéology of the valley, and the
potentiometric surface and variations in ground-water guality are well-defined relative to other areas
of the Great Basin. The 1963-69 study (Hely, Mower, and Harr, 1671} was comprehensive and de-

termined the valley’s water budget and included construction of a two-layer electric-analog model




of the ground-water reservoir. The model, which no longer exists, was used to predict water-Ievel-
changes from 1932 to 1980, 2000, and 2020. The predictions for 1932-80 have been fairly weli
matched by actual measured water-level changes.

Related studies, which will be made during all or part of the period of this study, include the
Salt Lake County Urban-Runoff Study (Sept. 1979-Oct. 1982) and the Jordan River Quality Study
{Dec. 1979-Sept. 1881}). These studies will provide flow and water-quality data on the Jordan River
and its tributaries, and they may provide data on ground-water inflow and quality to the Jordan
River. A continuing study of water losses in canals in Utah probably wili be moved to Salt Lake
County during FY 82-84 and will provide data on recharge from selected canals. The Great Basin
RASA study will pr;wide techniques that can be used to analyze basins in the Great Basin, and
much of the information generated in the Jordan Valley study will be incorporated into the RASA
study.

Hydrologic system

The Jordan Valley’'s hydrologic system is dominated by the ground-water reserveir in the basin
fill and the Jordan.River. The Jordan River flows into the valley from Utah Lake through the Trav-
erse Mountains aﬁd then flows along the axis of the valley to Great Salt Lake. Several perennial
streams from the Wasatch Range are tributary to the Jordan River. The average annual discharge
of the Jordan River just above the Jordan Valley, most of which enters the valley, is about 270,000
acre-feet. During the 1964-68 water years, about 284,000 acre-feet per year of surface water entered
the Jordan Valley in the river and in canals and aqueducts; and streamfiow originating in the vatley's
drainage basin was 179,000 acre-feet per yAe‘ar, for a total of more than 480,000 acre-feet per year.

The Jordan River is almost entirely diverted into canals, just below where it enters the valley,
during the irrigation season. Most of the river's flow below the diversions during the irrigation

season consists of ground-water inflow, and the average annuai gain in flow attributed to ground-

water inflow is about 170,000 acre-feet.



The main sourt_:e. of ground water in the Jordan Valley is unconsolidataed basin fill. Much of
the ground water in the .northern part of the valley and along its axis is under artesian conditions.
Along the margins of the valley, ground water occurs under water-table condtions in coarse-grained
basin fill deposited in alluvial fans or lakeshore or delta features.

Ground water has been used in the Jordan Valley since the 1850’s, but estimates of discharge
are available only since 1931. More than 12,000 wells had been constructed in the valley by 1980,
mostly small-diameter domestic and stock wells. During 1831-79, annual discharge from wells in-
creased from about 39,000 to 136,000 acre-feet. Almost half of the withdrawals in 1979 were for
municipal use; the rest was almost evenly divided between industrial and domestic/stock uses. ‘Less
~ than 3 percent of the ground-water withdrawals were used for irrigation.

Although water levels have declined in areas where withdrawals for municipal and industrial
use have been large, there was no long-term basin-wide decline in water levels during 1931-80. In
some locations, water levels rose from 1931-80 becausé of recharge to the ground-water reservoir
resulting from irrigation of lawns and cultivated fields with surface water.

The average annual precipitation over Salt Lake County ranges from less than 12 inches in the
south-central part of the Jordan Valley to more than 60 inches along the southern boundary of the
county in the Wasatch Range. Annual recharge to the ground-water reservoir in the valley is estim-
ated to be about 367,000 acre-feet, about 40 percent of which is from urban and agricultural irriga-
tion, and another 37 percent of which is seepage from the consolidated rock of the bounding
mountain ranges into the basin fill.

Ground-water discharge also was about 367,000 acre-feet per year in 1964-68 and may have
been as much as 400,000 acre-feet in 1979. Seépage to streams, drains, and Great Salt Lake and
discharge by springs is about 200,000 acre-feet per year, and evapotranspiration (mostly in phréato-
phyte areas) is about 60,000 acre-feet per year. About 60 million acre-feet of water, much of which
is fresh, isstored in th;a unconsolidated basin fill of the valley, and about one-third of that is theoret-

ically recoverable by wells.




The valley’s natural flow system consists of recharge along the margins of the valley from
direct seepage from consolidated rock to the basin fill, seepage from streams as they leave the
mountains, and from precipitation on the valley margins. Ground water moves toward the axis of
the valley and northward, where it becomes confined under lenses of silt and clay deposited in
Pleistocene fakes. The water discharges by upward leakage to the shallow water-table zone from
which it seeps to the Jordan River, seeps from springs, is discharged by evapotranspiration in areas
of phreatophytes, or seeps into Great Salt Lake.

Superimposed on the natural flow system is recharge from canals, irrigated fields, lawns, and
gardens, and from man-made ponds, including the tailings pond near the Kennecctt Minerals Co.
smelter-in the northu;.festern part of the valley. Much of this recharge is to the shallow water-table
zone over the confined aquifer, and it di;charges to the river, by evapotranspiration, or to Great
Sait Lake. Discharge superimposed on the natural flow system is from wells and drains.

Plan of study

The first phase of the study will consist of updating the files of ground-water data. Wells
drilled since 1968-69 will be tabulated, and industrial, municipal, major irrigation, and selected
domestic wells will be inventoried in the field. Pumpage data will be checked and supplemented, if
necessary, for the period since 1968. Chemical analyses made by the Geological Survey and other
agencies will be tabulated and evaluated. Data from aquifer tests made by local organizations, if
any, will be obtained and evaluated. Streamflow data related to the water budget for the period
since 1968 will be compiled, if available.

The second phase will consist of collecting additional data necessary for the study. Data to
supplement the 1963-69 study will be collected, if necessary, on recharge from streams, canals, and
irrigation of farms and residential areas; and on discharge to the Jordan River and drains, by evapo-
transpiration, and by springs.

The observation-well network will be evaluated and wells added or deleted if necessary. A

series of shallow wells {10-50 feet deep} will be augered and cased with plastic casing in the central



and northern part of the valley to provide observation wells in the shallow water-table zone. Water-

level data from these wells will be used to compute vertical hydraulic gradients between the artesian -

and water-table zones which in turn will be used in model caiibration.

Aquifer tests will be run if suitable wells are available. |f additional funds are available, a com-

prehensive aquifer test will be run to obtain data on the vertical hydraulic conductivity at one
point. This would involve using an existing well as the pumped well (or possibly drilling a well to
use as the pumped well) and drilling and instrumenting several observation wells. At least one of
these observation wells would be completed so as to be able to provide head data in the confining
bed to aid in computation of vertical hydraulic conductiv‘ities. Cores will also be collected from the
confining bed and tested to obtain estimates of hydraulic conductivity.

Additional data will be collected on quality of ground water so that the areal and vertical
sample coverage provides enough information to coﬁstruct a solute-transport model(s} (a three-
dimensional model or two-dimensional cross-section modéis}.

The potentiaf for land subsidence resulting from declines in water levels wil! be estimated by
analyzing cores of silt and clay to obtain preconsolidation stresses. The cores will be obtained from
local wells drilled during the period of the study or from foundation borings. Experts from other
offices in the Geological Survey will be consulted on this aspect of the study.

The volumes of recoverablerground water of various qualities stored in the basin fill will be
estimated using data from well fogs and analyses of samples from various depths.

The third phase of the study will be to construct flow and solute-transport models of the
ground-water reservoir in the valley. First, a three-dimensional flow model will be constructed,
which will have at least two layers—the principal artesian aquifer and the shallow water-table zone.
Additional layers may be added to represent a confining zone and the mkaterial below the principal
aquifer. When this model! is calibrated it will be used to construct a three-dimensional solute-trans-

port model, if a suitable model is available at the time, or more likely, as the basis for several two-




dimensional cross-section solute-transport models. At least three section models will be made—a
northwest-southeast section from- Great Salt Léke to the southeastern part of the vaf[ey,_and two
east-west sections across the valley, one from the Kennecott Minerals Co. leaching area near Copper-
ton and another about 6 miles to the north. Experts from other offices in the Geological Survey
will be consulted during the transport-modeling phase of the study.

The models will be used to determine the water-levei changes resulting from various possible
future programs and patterns of withdrawals from wells and to predict any migration of poor-
quality water from the western and northwestern parts of the valley toward the good-quality water
on.the eastern side. The MOdels will also be used for the RASA study to evaluate various general-
ized patterns of development to determine effects on the Jordan River and natural evapotrané—
piraticn and to study possible conjunctive use of ground and surface water.

REPORTS

A planning document, which will be prepared dL-Jring the first 3 months of the study, will in-
clude a more detailed discussion of the plan of study and the current view of how the hydrologic
system works, and it will also include a work plan in timetable form and an annotated outline of the
final report.

A basic-data report that will be completed at the end of the third year of the study will in-
clude all data collected during the study. An open-file report documenting the flow model will be
completed by the end of the third year; and a report documenting the solute-transport model{s) will
be completed in the fourth year.

A final interpretive report summarizing all findings and modeling resuits will be prepared
during the fourth and final year of the project.

PERSONNEL

The project will be staffed by 2 to 2% persons:
Project Chief, GS-12/13, possibly available in District.
Hydrologist, GS-7/9/11, available in District.

Technician or WAE, GS/5 to 9, ¥ time, not available in District,



COST ESTIMATES

Item FY 82 FY 83 FY 84 FY 85
Salaries and benefits "$ 61,000 $ 68000 $ 74,000 $ 76,000
Transportation ' 2,500 5,000 © 6,000 3,000
Travel 1,000 1,200 1,200 1,400
Suppties and equipment 2,000 2,600 2,000 500
Contracts 14,720 8,725 5,660 13,260
Computer. use 500 1,000 3,000 4,000
Chemical analyses 500 1,600 1,000 500
Trz;ining 1,000 1,600 1,500 1,000
Reports processing o 0 2,000 4,000 |
District overheéd 20,620 22,050 23,760 25,560
WOTSC 10,260 11,025 11,880 12,780
$114,000 $122,500* $132,000* $142,000*

*{includes 7.5 percent ““cost-of-living’ increases) -
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APPENDIX C

STREAM YIELD ANALYSIS PROCEDURES

GENERAL BACKGROUND:

This appendix explains the detailed procedures used during this
study to analyze stream yields. An attempt has been made in this study
to describe the "dependable yields" of streams in Salt Lake County by use
of the results from stream flow analyses.

Stream flow records have been very useful in analyzing Salt Lake
County streams. The seven major county streams along the Wasatch Range
are currently gaged continuously by the Salt lLake City Water Department,
and have long periods of record at the canyon mouths. Table C-1 lists
the streams and their full-year periods of record used in stream flow

analyses,
TABLE C-1
PERIODS OF STREAM FLOW RECORDS FOR
GAGED SALT LAKE COUNTY STREAMS
PERIQOD OF RECORD
STREAM USED FOR ANALYSIS* NO. OF YEARS

City Creek 1899-1980 82
Red Butte Creek 1943-1980 38
Emigration Creek 1901-1980 80
Parleys Creek 1910-1980 71
Mill Creek 1899-1980 82
Big Cottonwood Creek 1899-1980 82
Little Cottonwood Creek 1970-1980 /1

*Periods of full-year, continuously gaged records.
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GAGED STREAM FREQUENCY ANALYSES:

Stream flow records were analyzed by conventional frequency
analysis procedures. Both annual yields and monthly yields were analyzed
to determine dependable yields at several different probabilities, or
recurrence intervals. The following sections describe the procedures
used, with examples from the City Creek analysis.

CONCURRENT PERIQD OF RECORD: For the six major streams which
have been gaged by the Salt Lake City Water Department (City Creek,
Emigration Creek, Parleys Creek, Mill Creek, Big Cottonwood Creek and
Little Cottonwood Creek), a concurrent period of record (1963-1968) is
published by the U.S. Geological Survey (USGS). The gaging for both
records was performed at identical locations on each stream. During the
1963 to 1968 period the USGS obtained the gage-height charts from Salt
Lake City at the City's normal gaging points, and compiled the étream
flow records based on their own (USGS) rating curves.

Because of possible differences in techniques used by the USGS
and Sait Lake City Water Department in rating streams and compiling
records, an analysis of the two concurrent published records was
performed. This was done to determine if any substantial relationship
exists between the two sets of records which could be used to adjust or
extend either record.

Frequent differences in published flows for identical periods of
time were encountered in the two records. The USGS-published flows for
each stream during the 1963-1968 period were plotted as percentages of
the corresponding flows compiled by Salt Lake City. The plot prepared
for City Creek is shown in Fiqure C-2 as an example, and is typical of
the results from the other streams. As can be seen from Figure C-2, the
differences in recorded flows appear to be random. No marked
relationship was found in the concurrent records of any of the other
streams. However, in each case a wider range of divergence was found in
the Tower flows than in the higher ones. Due to the randomness of the
recorded fiow differences and the longer term of record, the Salt Lake
City Water Department flow records were used in the Subsequent frequency
analyses without any adjustments.
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TOTAL MONTH FLOW, (AC-FT)

(FROM SALT LAKE CITY WATER DEPARTMENT RECORDS, 1963-68)
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STATISTICAL BACKGROUND: Hydrologists have found that random
stream flows on a given stream may be described statistically, just as
many other random occurrences in nature. Several types of statistical
distributions have been developed to document and predict the frequency
of stream flow occurrences. During this study, four distributions were
used to estimate frequencies for each stream. These distributions are
listed below:

(1} Log Normal Distribution (Normal Distribution with a
logarithmic transformation)

(2) Log Pearson Type III Distribution

(3) Gumbels Extreme Yalue Distribution

(4) Log Student's t-Distribution

In addition, a ranked distribution of actual flows for each
stream was calculated and tabulated. The results of these analyses for
City Creek annual yields are shown on pages C-5 to C-11, in the form of
computer printouts, as an example. For each stream, a separate frequency
analysis was performed for each month of the year, as well as an analysis

of stream yields on an annual basis.
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The results of the frequency analyses are estimated stream yields,
in acre-feet, Tor different probabilities and recurrence intervals. The
probability of any given stream yield indicates how often one can expect
that yield to be equaled or exceeded. For example, a 90-percent
probability flow can be expected to occur, on the average, nine years out
of ten. The recurrence interval, or the frequency of occurrence of a
given yield, is expressed as the reciprocal of the probability, in
years. A 90-percent probability yield has a recurrence interval of 1.11
years, and a 50-percent probability has a recurrence interval of two
years.,

STATISTICAL TEST: A review of the four different distribution
results was made for each of the gaged streams. It was found that the
Gumbels Distribution varied more from the actual data points, or the
ranked distribution, than did any other distribution. The student's
t-Distribution also varied somewhat more than the remaining two
distributions. For this reason, both distributions were rejected from
further analysis. This is felt to be appropriate since both
distributions are designed to allow for extreme values. Stream yields
are, by nature, relatively uniform; therefore, an analysis of extreme
values becomes unimportant.

The remaining two distributions, the Log Normal and the Log Pearson
Type III, were tested to determine which distribution fit the actual data
points; or ranked distribution, most closely. A modified Chi-Square test
was used. This is a statistical "goodness-of-fit" test which compares
the theoretical values to the actual values, and selects the distribution
with the least sum of differences. Only the higher probability yields
(which occur often, on the average) were tested, since these stream flow
yields constitute the range of flows most likely to be used for municipal
water planning purposes. A separate test was performed for each month,
as well as for annual yield estimates. Table C-4 shows the December and
annual test results for City Creek.

RESULTS: The results from each set of frequency analyses and
statistical tests may be used to plot a frequency curve. Figure C-5
shows the annual frequency curve for City Creek, with the actual data
points plotted beside the curve for comparison. Although sufficient data
were also available for plotting a frequency curve for every mouth, only
an annual frequency curve was prepared for each stream to avoid the

voluminous graphics of plotting a curve for each month.
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TABLE C-4

MODIFIED CHI-SQUARE TESTS FOR RESULTS
OF CITY CREEK FREQUENCY ANALYSES

Yield Ranked Theoretical Yield (rj-tj)z
Probability Yield ti (Ac-Ft) t;
ry
(%) (Ac-Ft) Log Normal Log Pearson Log Normal Log Pearson
Type II1 Type III
December:
90 367 376 376 0.22 0.22
80 399 406 406 0.12 0.12
50 482 471 472 0.257 0.212
Total 0.59 0.556%
Annual:
90 7560 7819 7728 8.58 3.65
80 9108 8922 9002 3.88 1.25
50 11,850 11,484 11,749 11.67 0.87
Total 24.12 5.77*

*Use this Distribution because of best fit.




The decision was made to prepare calculations for 90-percent,
80-percent and 50-percent probability yields only. This is because these
represent the range of probabilities most likely to be used in municipal
water planning. The 90-percent, 80-percent, and 50-percent probability
yield estimates for City Creek are tabultated in Table (-6, and are shown
graphically in the form of an annual hydrograph in Figure C-7.

It was found that the sum of the monthly yield estimates, called
the annual sum, does not equal the annual yield estimate for any
probability. The percent of deviation between these two values is shown
in the last row of Table C-6. 1In each case the annual yield estimate is
higher than the sum of the monthly yield estimates. This occurs because
a lower estimate is automatically made by the statistical methods for any
month with a high variance, which is the case during the spring months
for each stream. The annual estimates indicate that there is more water
yielded annually by a given stream than is predicted by the sum of
monthly estimates, but there are not enough data to justify which of, or
to what extent, the monthly estimates should be adjusted. Both estimates
are significant, however, and are included in the table of flow estimates
for each stream. The annual yield estimate becomes useful when planning
any facility with a detention time of several months or greater, such as
a large reservoir. On the other hand, the individual monthly yield
estimates are most useful for planning and design of facilities with
little or no detention time, such as culinary water treatment plants.

CONFIDENCE LIMITS: The degree of accuracy of the results
tabulated in Table C-6 has been described by calculating confidence
limits. Confidence 1imits reflect the degree of confidence that can be
placed upon a frequency curve by enclosing band of probable error or
variation. Ninety-percent confidence 1imits have been chosen for this
study. This means that nine of ten actual data points, on the average,
should fall within the confidence limits.

An approximate method of calculating confidence limits, or error
Timits, has been used during this study. The method is based on the
standard deviation of each data set, and is described in Table C-8. The
City Creek frequency curve with 90-percent confidence limits is displayed
in Figure €-9. The 90-percent confidence 1imits for the City Creek
monthly and annual yield estimates are tabulated in Table C-10.

C-15



TABLE C-6
CITY CREEK FLOW ESTIMATES*

Expected Total Flow Volumes at Prescribed
Probabilities (Ac-Ft)

Period
90% 80% 50%
Probability Probability Probability

January 357 388 452
February 327 354 421
March 394 456 602
April 659 797 1,133
May 1,042 1,844 2,812
June 1,002 1,322 2,125
July 649 772 1,076
August 488 567 740
September 411 458 564
October 405 449 544
November 395 440 534
December 376 406 472
Annual Sum 6,865 8,253 11,475
Annual Yield

Estimate 7,728 9,002 11,749
Deviation** 11.2% 8.3% 2.3%

*From frequency analyses of the 1988-1980 period of flow record at gaging
station No. 1725 near the canyon mouth.

**Assuming the annual yield estimate to be the most correct.




TOTAL MONTHLY FLOW VOLUME (100 AC-FT)
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TABLE C-8
90% ERROR LIMITS FOR FLOOD FREQUENCY CURVES*

Years of Exceedence Frequency (%, at b% level)
Record ‘
{n) 99.9 99 90 50 10 1 0.1
5 1.22 1.00 0.76 0.95 2.12 3.41 4.4
10 0.94 0.76 0.57 0.58 1.07 1.65 2.11
15 0.80 0.65 0.48 0.46 0.79 1.19 1.52
20 0.71 0.58 0.42 0.39 0.64 0.97 1.23
30 0.60 0.49 0.35 0.31 0.50 0.74 0.93
40 0.53 0.43 0.31 0.27 0.42 0.61 0.77
50 0.49 0.39 0.28 0.24 0.36 0.54 0.67
70 0.42 0.34 0.24 0.20 0.30 0.44 0.55
100 0.37 0.29 0.21 0.17 0.25 0.36 0.45

0.1 1 10 50 90 99 99.9

Exceedence Frequeﬁcy (%, at 95% level)

standard deviation of the

éd to the flood value from the
gency and the sum plotted.

om the flood value at the
ded or subtracted before

Note: Tabular values are multiples of f
variate. Five percent error limits are'
fitted curve at the same exceedence fv
Ninety-five percent 1imits are substra
same exceedence frequency. Log va]ueS'fﬂ :
antilogging and plotting. oo

thods in. Hydrology," Civil Works

“*Source: Beard; L.R., t
iheers, Sacramento D1str1ct 1962,

aTIhvest1gat _ﬁs, U S. A_ y “Cov
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FLOW~-DURATION VALUES: A further breakdown of past flows has been
made which is useful for planning facilities with small detention times,
such as one day. This additional breakdown is a table of past
"flow-duration" values for each stream., The flow-duration table for any
given month {or year) shows the amount of flow rate fluctuation
experienced during that month, with the monthly estimate representing the
average flow rate for the month. These flow-duration values have been
calculated by the U.S, Geo]ogica1‘5urvey. Unfortunately, they are
generally based on only six years of record, rather than the entire
period record. They should not be used for direct comparison with the
frequency analysis results without correlation. The City Creek monthly
flow-duration values are tabulated in Table C-11.

UNGAGED WATERSHED ANALYSIS PROCEDURES:

ANNUAL YIELDS: A correlation method has been used during this
study to estimate the mean annual yield from major ungaged watersheds in
Salt Lake County. This method, known as the area-altitude method,
compares an ungaged watershed to a similar, nearby gaged watershed by
means of three major relationships. These are: (1) a comparison of the
area of each watershed, (2) a precipitation-elevation relationship, and
(3) a precipitation-runoff relationship.

The correlation of watersheds is made by comparing separate bands
of elevation in the gaged watershed with the corresponding elevation
bands in the.ungaged watershed. During this study, 1000-foot elevation
bands were used. First, the areas from each watershed within specified
elevation bands were measured and tabulated. Next, a relationship
between elevation and average annual precipitation was derived from a
state-wide isohyetal map prepared by the State Engineer.(83) Finally,

a relationship between average annual precipitation and average annual

88)

runoff was obtained from the Hydrologic Atlas of Utah.( The result

of this method is a computed unit runoff for each elevation band, and a
computed average annual yield from the ungaged watershed.

c-21



JANUARY
P Flow (cfs) 'pt
95 1.5 95
90 1.7 90
75 5.9 75
70 6.1 70
50 6.7 50
25 7.9 25
10 8.7 10
APRIL
P Flow (cfs) ‘P
95 3.2 95
90 4.0 40
75 9.5 75
70 10 70
50 13 50
25 18 25
10 23" 10
JULY
‘Pt Flow (cfs 'p!
95 0.8 95
90 1.1 90 -
75 13 75
70 14 70
50 19 - 50
25 24 25
10 28 10
OCTOBER
'p low (cfs) P
95 0.9 95
90 1.2 90
75 6.5 /5
70 6.8 70
50 7.8 50
25 8.9 25
10 11 10
*Source:

TABLE C-11

CITY CREEK
FLOW - DURATION VALUES*

(Flows Exceeded 'P' Percent of the Time)

FEBRUARY

Flow (cfs)

-

Wwoooho N
— e O 0O O

MAY

Flow (cfs)
17
19
26
28
34
51

AUGUST

NOVEMBER
Flow (cfs)

c
5
.b
.7
.8
.0
v

OOD‘\JO‘\O‘\—'

1

1980 period of record near the canyon mouth.
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MARCH
p! Flow (cfs)
95 2.8
90 3.0
75 6.2
70 6.5
50 7.8
25 9.7
10 12
JUNE
P Flow (cfs)
95 12
90 15
75 25
70 31
50 41
25 54
10 68
SEPTEMBER
'pr Flow (cfs)
95 0.8
90 0.8
75 7.7
70 8.2
50 10
25 12
10 13
DECEMBER
P Flow (cfs)
95 1.3
90 1.5
75 6.0
/0 6.3
50 7.0
25 8.0
10 9.9

USGS results from compilation of mean daily flows for 1964-1968 and




WASATCH RANGE UNGAGED WATERSHEDS: Al11 of the ungaged Wasatch Range
watersheds considered during this study, except Corner Canyon, were
correlated with Little Cottonwood Canyon. Little Cottonwood Canyon
appeared to be the best gaged watershed for use in correlation due to its
proximity to the ungaged watersheds, east-west configuration, elevation
range and similar geology. The result of an area-altitude correlation of
Bells Canyon with Little Cottonwood Canyon, in the form of a computer
printout, is shown in Table C-12 as an example.

BURR FORK AND ELBOW FORK: Since Little Cottonwood Canyon is so
much larger than the ungaged watersheds being considered, a search was
made to Tocate a nearby small gaged watershed which could be used for
correlation. Two smaller canyons in the Salt Lake County portion of the
Wasatch Range were considered. The first, Burr Fork Canyon in the upper
portion of Emigration Canyon, has a drainage area of 5.9 square miles.

It was rejected, however, because of its limited elevation range, typical
Timestone geology, and limited period of available continuous record
(five years). The second small gaged watershed considered for
correlation use is Elbow Fork Canyon in upper Mill Creek Canyon. Elbow
Fork Canyon is fairly small, with a drainage area of 7.7 square miles.
However, it was also rejected because of its Timited period of record
(five years). No other small gaged watersheds were found along the Salt
Lake County portion of the Wasatch Range which could be used for
comparison. Little Cottonwood Canyon therefore appeared to be the best
alternative.

CORNER CANYON: Corner Canyon differs from the other Wasatch Range
ungaged watersheds in Salt Lake County due to its large southerly slope.
It was therefore compared with Fort Creek Canyon, which is located
directly south and adjacent to Corner Canyon, but drains south into Utah
County. Fort Creek Canyon is the nearest watershed with similar
characteristics, such as large southerly exposure, similar vegetation and
elevation range, and a record of stream flows. The eight-year record of
stream flows for Fort Creek was correlated with the Little Cottonwood
Creek record to improve its accuracy.

GQUIRRH MGUNTAIN UNGAGED WATERSHEDS: None of the Ggquirrh Mountain
streams draining into Salt Lake County are continuously gaged. Some

infrequent USGS instantaneous flow measurements at the canyon mouth are

C-23
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available for all six of the major Oquirrh Mountain streams. These few
measurements, although helpful in estimating the range of fypical flow
magnitudes, are useless from a statistical approach. The area-altitude
method has therefore been used to estimate the average annual yield from
the six Oquirrh Mountain watersheds.

Two similar gaged watersheds, which appeared to exhibit the
characteristics of the leeward side of the Oguirrh Mountains were
jdentified for possible use in the area-altitude method. These two
watersheds are West Canyon in Cedar Valley and South Willow Canyon 1in the
Stansbury Mountains west of Tooele Valley. Both are on east-facing
sTopes and have been continuously gaged for at least ten years.

Upon closer examination, however, it was found that South Willow
Canyon 1is more comparable to the Wasatch Range canyons than to the
Oguirrh Mountain watersheds. South Willow Canyon yields about twice the
annual amount of water yielded from West Canyon, even though West
Canyon is six times the size of the Stansbury watershed. South Willow
Canyon's large stream yields and dense vegetation are apparently caused
by a local climatological condition that is not typical of the leeward
Oguirrh Mountain slopes. '

West Canyon was found to be much more similar to the Salt Lake
County Oquirrh Mountain sTopes in terms of geology, vegetation, elevation
range and runoff, and has therefore been selected for use in the
area-altitude computations. A fregquency analysis of the gaged West
Canyon flows was performed. Unfortunately, only a ten-year period of
record is available. However, no other suitable watershed with flow
records has been found. Therefore, all six Oquirrh Mountain watersheds
considered during this study were correlated with West Canyon.

FURTHER EXTRAPOLATIONS:

The result of the area-altitude computations for each ungaged
watershed is a single number, the estimated average (or 50-percent
probability) annual yield, in acre-feet. This value for each canyon
creek has been extrapolated to 80-percent and 90-percent probability
annual yields, based on the pattern of the gaged watershed used for
correlation in each case. A further extrapolation has been made for each
ungaged canyon creek to estimate monthly yields, also based on the gaged

watershed pattern in each



case. The 90-percent, 80-percent and 50-percent probability annual
yields were distributed into monthly yield estimates. For ungaged
streams which are not perennial, certain monthly yield estimates were
deleted following the monthly distribution step, based on the average
months of flow. Table C-13 shows the results of area-altitude
computations and further extrapolations for Bells Canyon Creek, a
perennial stream. Table C-14 shows similar results for Barneys Creek, an
ephemeral stream.

It will be noted that the annual sum and the annual yield estimate
are included in each table. The 50-percent probability annual yield
estimate is the result of an area-altitude correlation. The 80-pecent
and 90-pecent probability annual yield estimates were then extrapolated,
as well as the monthly yield estimates. The annual sum is the sum of the
monthly yield estimates. The annual sum is much lower than the annual
yield estimate in the case of an intermittent or ephemeral stream, for
which several extrapolated monthly yield estimates are deleted.

LIMITATIONS: These extrapolations and estimates, including the
average annual yield estimates resulting from area-altitude correlations,
are useful for preliminary planning purposes. However, they should not
be regarded as accurate, and should be used with caution. The higher
probability annual yields and the extrapolated monthly patterns have
questionable accuracy for several reasons: (1) the extrapolation of
monthly yields from the gaged watershed pattern does not allow for
shifting of the seasonal peak flow date of watersheds with much lower
elevations, even though this actually occurs; {2) extrapolations from the
area~altitude method predict perennial flows for all of the ungaged
streams at the canyon mouths, which is not the case; (3} in the case of
the Oquirrh Mountain streams, there is no gaged Oquirrh stream in Salt
Lake County that can be used to check the accuracy of the area~altitude
method; and (4} the estimating methods do not take into account man-made
changes in watershed characteristics, such as those due to mining
activities. It is recommended that a program of continuous gaging be
initiated for any stream upon which detailed plans will rely.
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TABLE C-13
BELLS CANYON FLOW ESTIMATES*

Expected Total Flow Volumes at Prescribed
Probabilities (Ac-Ft)

Period
90% Probability 80% Probability 50% Probability
January 89 97 116
February 76 84 104
March 106 113 134
April 185 226 331
May 973 1129 1456
June 1133 1481 2158
July 386 533 897
August 192 229 316
September 131 150 194
October 120 134 170
November 104 115 141
December 97 107 128
Annual Sum 3592 ' 4398 6145

Annual Yield
Estimate 4485 5100 6288

*Extrapolated from the result of an "area altitude" correlation with
Little Cottonwood Canyon based on the Little Cottonwood Creek pattern.
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TABLE C-14 x
BARNEYS CREEK FLOW ESTIMATES*

Expected Total Flow Volumes at Prescribed l
Probabilities (Ac~Ft} |

Period
90% Probabijlity 80% Probability 50% Probability
January -- -- -~
February -- -- --
March - -~ --
April 3.7 7.2 23
May 45 54 85
June 43 56 90
July 15 20 36
August - -- --
September -- —— .
October -- -- -
November -- -- -_—
December -- -- -
Annual Sum 107 137 234

Annual Yield
Estimate 176 ' 219 333

*Fxtrapolated from the result of an "area-altitude" correlation with West
Canyon, based on the West Canyon Creek pattern. Several monthly yield
estimates have been deleted in order to reflect the ephemeral nature of

the stream.
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APPENDIX D
DAM AND RESERVOIR PRELIMINARY PLANNING PROCEDURES

The purpose of this appendix is to describe the procedures used for
dam and reservoir site selection, calculation of sizes and capacities,
and making cost estimates for this report.

SITE SELECTION: 3

Topography was the primary criterion in the damsite selection
process. The topographical features deemed most desirable were those
which would allow a maximum storage capacity with as small a dam
structure as possible. Each canyon's topographical features were
surveyed by the use of USGS quadrangle, 7.5 minute series, 1:24000 scale
maps. During the reconnaissance of the canyons considered in this study,
it was found that there were some which had no suitable sites available
and some which had more than one practical site. For the canyons which
had more than one suitable potential reservoir site, the sites were
considered on an independent basis and were considered to be mutually
exclusive. No master planning of reservoir systems or multi-dam
scenarios was done for this report. An example of this reconnaissance
work is shown in Figure VI-10, in which a proposed dam and reservoir in
Emigration Canyon are shown. OQther criteria such as geology,
environmental considerations, availability of borrow material, etc., were
not considered unless developed in a previous study.

From the Titerature review, there are several potential damsites
located and studied in previous reports. In many cases these reports
analyze potential reservoirs as multi-purpose facilities. If the same
reservoir site was deemed feasible for the present study, it was analyzed
by the procedures described in this appendix, as a single-purpose
municipal water supply reservoir. This was done to assure that these
proposed reservoirs would be comparable with the other potential
reservoirs studied in this report that were developed strictly as
municipal and industrial supply facilities.

0-1



DAMSITE AND RESERVOIR CALCULATIONS:

Once a damsite had been selected, three preliminary capacities were
calculated as follows: 1) the stream mean annual yield; 2) the mean
annual yield, less the average constant base stream flow, referred to in
this report as the "spring runoff volume"; and 3) an arbitrary capacity
smaller than both 1) and 2).

Using these capacities, three dam elevations and sizes were
determined from the USGS quad map by means of a planimeter. Example
calculations for Burr Fork in Emigration Canyon are shown in Table D-1.
From this information, variohs dam and reservoir characteristics were
tabulated. These include the topography along the dam axis, dam
dimensions, various reservoir characteristics and costs, relocations, and
in some cases, the characteristics of an existing dam that could be
raised. In most cases, an earth fill dam wdE assumed. The simplified
dam cross-section shown in F1gure D-2, w1th variable d1mens1ons was used
to specify the 1nd1v1dua] dam characteristics.

The next step was to use a computer program deve]oped by the U.S.
Bureau’ of Retlamation to estimate dam ‘and reservoir costs, based on
Bureau of Reclamation unit prices The initial data hecessary for this
program cohsisted of the dimensions of the 51mp11f1ed dam conf1gurat1on
shown in F1gure D-2. An examp1e ‘of how that initial information was
tabulated for the Burr Fork site is shown in Table D-3.

D-2




TABLE D-1
PRELIMINARY RESERVOIR CAPACITY CALCULATIONS

PROPOSED RESERVOIR NEAR BURR FORK

Elevation Area Depth Yolume Cum. Volume
(Acres) {Ft) (Ac-Ft) {Ac-Ft)
5860 0
20 28 28
5880 2.8
40 166 194
5920 5.5
40 532 726
5960 21.1
40 1230 1956
6000 40.4
40 2094 4050
6040 64.3

Drainage Area = 6.0 sg. mi.

1. Mean Annual Yield = 2205 ac-ft (from Corps of Engineers)

Dam Height = (2205-1986 ) (40ft) + 140 ft + 10 ft* = 165 ft.
4050-1956

Reservoir Area = (2205-1956 ) (24,3 acres) + 40.4 acres = 43,3 acres
Dam Area = 4 acr654050—1956

Total Area = { 4+ 43.3) (1.15) = 52 acres
?
2205

2. Spring Runoff Volume = (3240 ac-ft) ( gz3g ) = 1609 ac-ft
Dam Height = ( %%%g{%%%—) (40) + 100 ft + 9 ft* = 138 ft.
Reservoir Area = (1609:726 ) 19.3 acres + 21.1 acres = 35 acres
Dam Area = 3.6 acrggEE 726 :

Total Area = ( §§§_ + 35) {1.15) = 42 acres

3. Capacity = 1000 ac-ft

Dam Height = { Jogg—rse ) (40) + 100 ft + 8 fi* = 127 ft.
1000-726

Reservoir Area = (ngg:ﬂﬁ; ) 19.3 acres + 21.1 acres = 25 acres
Dam Area = 3.2 acres

Total Area = ( 352- + 25) (1.15}) = 31 acres

*Freeboard
D-3
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TABLE D-3

TABULATION OF DAM DIMENSIONS

EMIGRATION CREEK AT BURR FORK

3 2. 30 , 1.05
Z1 2 W SF1
0.5 0. 20 , 5 . 1.05
Z3 Z4 B Y SF2
1 1 20 .
Z5 26 C
3
7
3 2
F1 F2
0 , 5987 0
Beginning Station CREST ELEVATION Depth of Cut-off
20 ’ 5960 , 6
Intermediate Stations Profile Elevations Depth of Cut-off
80 . 5920 , 14
210 > 5880 s 22
220 , 5860 , 26
290 s 5880 s 22
310 . 5920 , 14
380 , 5960 ’ 6
400 , 5987 , 0
Last Station CREST ELEVATION Depth of Cut-off
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The information shown includes the dam configuration as well as
crest elevation, slopes and dam axis tdpography.

The second set of data which was necessary for the Bureau of
Reclamation's computer program included reservoir areas, land costs,
road, utility and other relocations, haul distances, environmental costs,
spillway capacity and outlet capacity. An example of this input data, as
tabulated for the Emigration Creek (Burr Fork) proposed dam site is shown
on Table D-4. This procedure was performed for each of the three
preliminary capacities for each proposed reservoir site.

The resulting information from the computer program execution was a
dam structure cost and a total dam and reservoir capital cost. These
costs were altered slightly because of built-in contingencies in the
program which were considered too high. A 0.5 percent annual operation
and maintenance cost based on the total capital cost, was added to an
annual capital cost, which was calculated by amortizing the total cost
over 20 years at 10 percent interest. A1l of these costs for each
potential damsite and size are summarized in the Executive Summary
section in Table TI-4.

Given the three capacities per damsite and their respective total
annual cost, a unit storage cost was developed by calculating an annual
cost per acre foot for each potential reservoir capacity. These costs
are graphically displayed as unit storage costs for each potential
damsite in Chapter VI. An example of the graph for the Emigration Creek
(Burr Fork) damsite is shown in Figure D-5. A curve was fit to the three
plotted unit storage costs, as shown in Figure D-5. This allows for
later interpolation between the points when the final reservoir design
capacities are chosen, based on the reservoir-sizing criteria
adopted and explained in the next section.
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TABLE D-4

PRELIMINARY RESERVOIR AND DAM INPUT DATA
BURR FORK RESERVOIR SITE
1000 AC-FT CAPACITY

Zone 1 haul = 30 miles
Zone 2 haul = 30 miles
Riprap haul = 30 miles
Division max flood = 150 cfs
Spillway head = 3 feet, capacity = 150 cfs
Qutlet works head = 132 feet, capacity = 15 cfs
Reservoir area = 31 acres, land cost = $25,000/acre
Clearing area = 3.2 acres, unit cost = $10,000/acre
Relocations Cost/Mile Miles
Telephone $13,000 4.3
Power 13,000 4.3
Pipeline 50,000 0.5
Road Rebuilding Cost/Mile Miles
Light duty roads $70,000 7.8
Other Features Cost/Unit Units
Environmental Assessment $200,000 1
Homes Inundated 100,000 11
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UNIT STORAGE COST ($/AC-FT)
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RESERVOIR SIZING CRITERIA:

After plotting the three unit storage costs for each reservoir
site, calculations were made to determine the most probable dam and
reservoir capacity that would actually be chosen by a water agency. To
do this, certain assumptions were made. Two scenarios were assumed when
sizing the most probable reservoir size and the amount of water yielded,
as explained below:

Scenario 1: The reserveir is used as an equalizing facility. Reservoir
storage is used such that the entire mean (50 percent
probability) annual stream yield is delivered in a typical
annual community demand pattern as calculated from records
of the Salt Lake County Water Conservancy District and the
Salt Lake City Water Department. The resulting typical
demand patterns are shown in Table D-6.

The storage calculations for an equalizing facility at the
Emigration Creek (Burr Fork) damsite are shown in Table D-7 as an example.
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TABLE D-6

TYPICAL DEMAND DISTRIBUTION FROM 1978-1980 RECORDS
OF THE SALT LAKE COUNTY WATER CONSERVANCY DISTRICT AND
THE SALT LAKE CITY WATER DEPARTMENT

SLC Water Department Average
Month Demand Distribution (%) Distrib. (%)

1978 1979 1980
January 4.4 4.3 4.6 4.4
February 4.0 3.6 4.4 4,0
March 4,7 4,1 4.6 4.5
April 4.7 5.0 6.4 5.4
May 7.7 10.3 6.7 8.2
June 14,6 14.4 14.3 14.4
July 17.8 16.3 16.5 16.9
August 15.2 13.2 15.6 14.7
September 9.5 12.4 10.2 10.7
October 7.8 7.9 7.4 7.7
November 4,9 4.3 4.8 4,7
December 4.7 4.2 4.7 4.5

SLCWCD Average Total Average

Month Demand Distribution (%) Distrib. (%) Distrib. (%)

19/8 1979 1980
January 4,2 3.8 3.6 3.9 4,1
February 3.5 3.4 3.4 3.4 3.7
March 4.3 4.2 3.9 4.1 4,3
April 3.9 4.9 5.4 4.7 5.1
May 7.4 9.5 6.4 7.8 8.0
June 14.3 15.5 15.7 15.2 14.8
July 19.3 17.7 18.8 18.6 17.8
August 16.7 13.5 18.4 16.2 15.5
September 8.4 11.4 9.7 9.8 10.3
October 8.0 8.2 7.3 7.8 7.7
November 4.7 4.4 4.0 4.4 4.4
December 5.2 3.7 3.4 4,1 4.3




TABLE D-7

STORAGE CALCULATIONS
BURR FORK RESERVOIR SITE
EQUALIZING RESERVOIR

(1) (2) (3)
Menth-end
Cumulative
Stream Yield Demand Storage
Month (Ac-Ft) {Ac-Ft) {(Ac-Ft)
January 30 59 19
February 34 53 0
March 103 62 41
April 38l 73 349
May 419 115 653
June 202 213 642
July 89 256 475
August 43 223 ‘295
September 32 148 179
October 37 111 105
November 36 63 78
December 32 62 48
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Column (1) in Table D-7 was derived from Chapter V, Table V-5, and
adjusted for the damsite location in the upper portion of the drainage
area. Two adjustments were made, one based on the percentage of drainage
area above the damsite versus the total drainage area, and the second
based on the fact that greater precipitation occurs in the upper
watershed elevations. Column (2) in Table D-7 is the monthly typical
demand pattern applied to the annual yield for a 50-percent probability.
Column (3) in Table D-7 is the cumulative month-end storage in the

proposed reservoir.

Scenario 2: The reservoir is used as a peak supply facility. The stream
flow occurring from November through June of a 50-percent
probability year is completely stored, and then completely
released during July through October in a typical demand
pattern. Table D-8 shows the tabulated storage calculations
for the Burr Fork reservoir site, based on scenario 2.




TABLE D-8
STORAGE CALCULATIONS

BURR FORK RESERVOIR SITE
PEAK SUPPLY RESERVOIR

(1) (2) (3)

Month-end
CumuTative
Stream Yield Demand Storage
Month (Ac-Ft) (Ac-Ft) (Ac-Ft)
January 30 0 98
February 34 0 132
March 103 0 235
April 381 0 616
May 419 0 1035
June 202 0 1237
July 89 499 827
August 42 435 435
September 32 289 178
October 37 216 0
November 36 0 36
December 32 0 68




For streams which supply existing treatment plants, the criteria
have been changed sTightly, but are similar. This is because the plant
(or conduit) capacity at present is known, and becomes a maximum treated
water supply rate. The two scenarios are:

Scenario 1: The water treatment plant processes 100 percent of the
stream flow up to the plant capacity during the winter and
spring.  When the plant capacity is reached, all additional
stream flow in excess of'p]ant capacity is stored in the
reservoir. Water is then withdrawn from the reservoir at a
rate such that the plant 15 operated at capacity constantiy
through thé summer for as long as fhe storage lasts.

Scenario 2: The water treatment plant processes 110 percent of the
amount of water it processed during 1980, up to the plant
capacity. During November through June, all stream flow in
excess of the plant capacity is stored in the reservoir.
Beginning in July, the plant is operated at capacity,
drawing upon storage from the reservoir for as long as the

storage lasts.

For presently undeveloped streams with no treatment plants
existing, a third scenario was developed.
Scenario 3: No storage is provided, and treatment and conveyance costs
are estimated for facilities which could process neariy all
the unreguiated stream flows during a 50-percent probability

runoff year.

CARRY-OVER CAPACITY: In order to allow for continued water supply
from each reservoir at the typical rates calculated even during "dry"
years, a carry-over storage capacity was calculated. This carry-over
storage, combined with the average year maximum required storage already
calculated, results in the total reservoir storage capacity at each
reservoir site,

The carry-over storage was calculated as the difference between the
50-percent probability and the 90-percent probability annual stream
yields at each reservoir site. This allows for the average (50 percent
probability) annual yield to be released from the reservoir during a
subsequent "dry" (90 percent probability) year.




TOTAL COSTS: The resulting total reservoir storage capacities were
then used to extract the unit cost to construct the dam and reservoir
from the unit storage graphs, as shown already in Figure D-5for Burr
Fork. The unit cost of water developed from the reservoir was then
calculated based on the annual water yield, not on the reservoir
capacity. The unit cost of water treatment and conveyance facilities was
then added, to arrive at a total unit cost of developed and treated
municipal water. An exampie of these reservoir capacities and unit costs
for the Burr Fork reservoir site is shown in Table D-9.



TABLE D-9

ESTIMATED COSTS FOR DEVYELOPED AND TREATED
WATER FROM EMIGRATION CREEK
AT BURR FORK
(Reservoir Site B)

Scenario
1. 2. 3.
Equalizing Peaking No Storage(m)
Item o _ Unit Facility Facility Facility
Reservoir Capacity() Ac-Ft  1312(n)  1895(n) 0
Carry-over Capacity b) Ac-Ft 659 659 0
Existing Annual Water Yield(c) Ac-Ft 0 0 0
Developable Annual Water Yield(d) Ac-Ft 3928 3928 3928
Total Annual Water ¥1e1d(e) Ac-Ft 3928 3928 3928
Unit Storage Cost(f $/Ac-Ft 780 700 0
Unit Water Ii?ld Cost for
Reservoirtd $/Ac-Ft 260 338 0
Water Treatment Plant Capacity mgd  10.7(h)  10.7(h) 14.9(1)
Annual Tyeatment & Conveyance
Cost(1 $1000 1100 1040 1233
Unit Water Yield Cost for
Treatment & Conveyance(J) $/Ac-Ft 280 265 314
Total Unit Water Yield Cost (k) $/Ac-Ft 540 603 314
(a) Includes storage and carry-over capacity.
(b) Calculated as the difference between 50% and 90% probability yields.
See annual sums, Table V-5,
(c} No municipal water presently developed.
(d} Additional water developed in excess of existing annual water yield.
(e} Sum of existing and developable annual water yields.
(f) From Figure VI-12.
(g) Total annual reservoir cost (unit storage cost multiplied by reservoir
capacity) divided by developable annual water yield.
(h) Based on average flow during peak month demand.
(i} From Figure VI-14.
(j) Annual treatment & conveyance cost divided by the developable annual water
yield.
(k} Sum of unit water yield costs for reservoir and treatment & conveyance.
(1) Plant capacity equals the sum of: (1) the average flow during the peak
month flow released from the resevoir, and (2) 120% of the corresponding
month regulated stream flow at the canyon mouth from the intervening
drainage area.
(m) This represents natural unregulated stream flow pattern.
(n) The 50% probability annual yield at the resevoir site is redistributed

according to the scenario distribution, and released to Emigration Creek.




APPENDIX E
MONTHLY STREAM FLOW RECORDS AND
FLOW-DURATION TABLES FOR
GAGED WASATCH RANGE STREAMS
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ANNUAL FLOW - DURATION VALUES
FOR WASATCH GAGED STREAMS
NEAR CANYON MQUTHS™
(Fiows Exceeded 'P' Percent of the Time)

CITY CREEK RED BUTTE CREEK EMIGRATION CREEK
P! Flow (cfs) P! Flow (cfs) 1p! low (cfs)
g5 1.3 g5 1.1 g5 0.6
90 2.2 90 1.4 90 0.2
75 6.7 75 1.8 75 1.3
70 7.1 70 2.0 70 1.5
50 9.0 50 2.5 50 3.0
25 16 25 4,2 25 7.0
10 34 10 9.6 10 16
Time Period: 1964-68, 1980 Time Period: 1964-80 Time Per1od 1964-68, 1980

PARLEYS CREEK MILL CREEK BIG COTTONWOOD CREEK
tp? Flow (c s) 'p! Flow (cfs) p! Flow (cfs)
95 7.4 95 4.4 95 15
90 9.5 90 5.4 90 18
75 13 75 6.9 75 23
70 14 70 7.5 70 24
50 16 50 9.0 50 30
25 30 25 14 25 67
10 81 10 28 10 180

Time Period: 1913 Time Period: 1964-68,1980 Time Period: 1931-68,1980

LITTLE COTTONWOOD CREEK

'p! Flow (cfs)

95 1.5
90 3.1
75 15
70 16
50 21
25 61
10 220

Time Period: 1964-68, 1980

*Source: USGS results from compilation of mean daily flows for the
time periods shown for each stream.
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CITY CREEK

FLOW - DURATION VALUES®

(FLows Exceeded 'P' Percent of the Time)

JANUARY
'p! Flow (cfs)
95 - .5
90 1.7
75 5.9
70 6.1
50 6.7
25 7.9
10 B.7
APRIL
1p! Flow (cfs)
95 3.2
90 4.0
75 9.5
70 10
50 13
25 18
10 23
JULY
Pt Flow (cfs)
95 0.8
90 1.1
75 13
70 14
50 19
25 24
10 28
OCTOBER
p! Flow (cfs)
95 0.9
90 1.2
75 6.5
70 6.8
50 7.8
25 8.9
10 11
*Source:

FEBRUARY

-+
wr
oy

tp! Flow
95
90
75
70
50
25
10

b

WO Qoo UM —
_— D O W SO

MAY

P Flow (cfs)
95 17

90 19
75 26
/0 28
50 34
25 51
10 /0
AUGUST
tp! Flow (cfs)
95 0.6
S0 0.7
75 8.7
70 9.7
50 13
25 16
10 17
NOVEMBER
'pr Flow (cfs)
95 .
90 1.6
75 6.7
70 6.8
50 7.6
25 8.7
10 10

USGS results from compilation of mean daily flows for

1964-1968 and 1980 period of record near the canyon mouth.
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MARCH

pt Flow {cfs)

95 2.8

90 3.0

75 6.2

70 6.5

50 7.8

25 g.7

10 12

JUNE

tp! Flow (cfs)

95 12

90 15

75 25

70 31

50 4]

25 54

10 68

September

'pt Tow {cfs)

95 0.8

a0 0.8

75 7.7

70 8.2

50 10

25 12

10 13

DECEMBER

1p! Flow (cfs)

95 1.3

90 1.5

75 6.0

70 6.3

50 7.0

25 8.0
10 9.9




RED BUTTE CREEK
FLOW - DURATION VALUES*

(Flows Exceeded 'P' Percent of the Time)

JANUARY FEBRUARY
pt Flow (cfs) 'pt Flow (cfs)
95 .0 g5 1.2
90 1.4 90 1.4
75 1.6 75 1.7
70 1.6 70 1.8
50 1.9 50 2.2
25 2.4 25 2.6
10 2.8 10 3.7
APRIL MAY
p! Flow {cfs) 'pt Flow (cfs)
95 3.0 95 3.4
90 3.3 a0 4.3
75 4.1 75 6.6
70 4.5 70 7.5
50 6.8 50 11
Zh 13 Zh 15
10 18 10 20
JULY AUGUST
tpr Flow (cfs) 'p! Flow (cfs)
a5 1.4 95 1.0
q0 1.6 a0 1.2
75 2.3 75 1.6
70 2.5 70 1.9
50 3.2 50 2.2
25 4.0 25 2.6
10 5.0 10 3.1
OCTOBER NOVEMBER
P Flow (cfs} 1pt Flow (cfs)
95 0.9 95 1.2
90 1.2 a0 1.4
75 1.5 75 1.6
70 1.6 70 1.7
50 2.0 50 2.1
25 2.4 25 2.5
10 2.8 10 2.8

MARCH

Flo

o
—
w

(M

00 WM — —aE
. » L ] - - - -
o — NGy oo By

)
—
w

S

—_

Flo

—_sI T O NE

SEPTEMBER

W S P =0 o=

©

-4

%]
g

IPI

DECEMBER

Flo

MR — — — — Ox
NWO R WO W

0
—h
%)

St

95
90
75
70
50
25
10

PO M) — o e d ]

*Source: USGS results from compilation of mean daily flows for

1964-1981 period of record near the canyon mouth.
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- EMIGRATION CREEK
* FLOW - DURATION VALUES®
(Flows Exceeded 'P' Percent of the Time)

JANUARY FEBRUARY MARCH
'pro Flows (cfs) 'pr Flows (cfs) 'py Flows (cfs
95 0.5 95 0.5 g5 0.6
90 0.6 a0 0.6 90 0.7
75 0.9 75 1.0 75 2.2
70 1.0 70 1.1 70 2.4
50 1.3 50 1.8 50 4.1
25 2.0 25 3.2 25 6.3
10 3.3 10 7.0 10 9.8
APRIL MAY JUNE
'p Flow {cfs) ‘pr Flow (cfs 'p! Flow (cfs)
95 3.8 95 4,2 95 .2
90 4,3 a0 6.7 a0 4.8
75 5.9 75 9.6 75 6.1
70 6.2 70 11 70 6.6
50 9.3 50 17 50 8.8
Z5 18 2h 28 25 15
10 36 10 39 10 18
JULY AUGUST SEPTEMBER
'p! Flow (cfs) Pt Flow {cfs) 'p! Flow (cfs)
95 2.4 a5 1.2 95 1.0
90 2.9 a0 1.3 a0 1.1
75 3.5 75 1.8 75 1.3
70 3.7 70 1.9 70 1.4
50 4.8 50 2.8 50 1.7
25 6.4 25 3.6 25 2.3
10 7.9 10 4,7 10 3.4
OCTOBER , NOVEMBER DECEMBER
1pt Flow {cfs) ‘pr Flow (cfs) 'p! Flow (cfs)
95 0.4 95 0.6 95 0.6
90 0.5 a0 0.7 90 0.6
75 0.8 75 0.9 75 0.9
70 0.9 70 1.2 70 1.0
50 1.3 50 1.8 50 1.3
25 2.6 25 2.5 25 1.8
10 2.9 10 3.2 10 2.1

*Source: USGS results from compilation of mean daily flows for
1964-1968 and 1980 period of record at the canyon mouth.
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JANUARY

p! Flow (cfs)
95 N
90 6.6

75 8.7

70 9.2

50 12

25 17

10 20

APRIL

pr Flow {cfs)
95 21

80 42

75 50

70 52

50 61

25 100

10 120

JULY

'p! Flow (cfs)
95 14

90 15

75 19

70 20

50 23

25 33

10 42

OCTOBER

P! Flow (cfs)
95 8.6
90 9.0

75 12

70 13

50 15

25 16

10 18
*Source:

PARLEYS CREEK

FLOW - DURATION VALUES®
(Flows Exceeded 'P' Percent of the Time)

FEBRUARY
'p! Flow (cfs)
g5 5.1
80 6.9
75 8.6
70 8.9
50 11
25 16
10 18
MAY
p! Flow (cfs)
g5 58
90 63
75 74
70 77
50 g8
25 150
10 170
AUGUST
'pt Flow (cfs)
95 8.7
a0 9.0
75 11
70 13
50 18
25 21
10 26
NOVEMBER
'p! Flow (cfs)
95 6.1
80 7.0
75 9.5
70 10
50 13
25 14
10 17

E-5

MARCH
‘Pt Flow {(cfs)
95 8.5
90 9.0
75 1
70 12
50 15
25 62
10 83
JUNE

pr Flow (cfs
95 26
80 28
75 32
70 33
50 39
25 74
10 160

SEPTEMBER
‘P Tow (cfs)
g5 7.5
90 7.7
75 8.3
70 9.1
50 15
25 17
10 18

DECEMBER
'p! Flow (cfs)
95~ 5.
90 6.3
75 8.3
70 8.7
50 11
25 12
10 13

USGS results from compilation of mean daily flows for 1910,
1912 and 1913 period of record at the canyon mouth.



MILL CREEK
FLOW - DURATION VALUES*®

(Flows Exceeded 'P' Percent of the Time)

JANUARY

!Pl
95
90
75
/0
50
25
10

C
R
7

8
2
3

W oo oo WYy

6
0 )

OCTOBER

'p Flow {

fs)
95
90
75
70
50
25
10

W0y B Y
O —=wWMNOOWO

*er
Source:

Flow (cfs)

FEBRUARY
'p! Flow {cfs)
95 4.7
90 5.2
75 5.9
70 6.1
50 7.1
25 9.3
10 11
MAY
'p Flow (cfs)
95 11
ag 13
75 21
70 21
50 27
2bh 37
10 44
AUGUST
‘p! Flow (cfs)
95 4,
90 5.0
75 6.3
70 6.6
50 7.7
25 8.3
10 10
NOVEMBER
'p! Flow {cfs)
95 4.9
ag 6.6
75 8.7
70 9.2
50 12
25 17
10 20

MARCH

-
—
(=]

EPI

(]

-4

7]
S

95
90
75
70
50

10

'P! Flo

Vo~ Tl E
- - -

» -
W O o B

L
95 5
90 b
75 9
70 9
50 12

10 15

SEPTEMBER
'p! Flo

95
90
75
/0
50
25
10

DECEMBER
'p! Flo

WO~ OPWE
- L] » - -

(]

—+

tn
S

95
90
75
/0
50
25
10

USGS results from compilation of mean daily flows for

1964-1968 and 1980 period of record at the canyon mouth,
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BIG COTTONWOOD CREEK
FLOW - DURATION VALUES*
(Flows Exceeded 'P' Percent of the Time)

JANAURY FEBRUARY
‘P Flow (cfs) 'p! Flow {cfs)
95 13 95 14
90 15 20 15
75 17 75 18
70 18 70 19
50 21 50 22
25 24 25 25
10 28 10 28
APRIL MAY
Pt Flow {cfs) ‘P! Flow (cfs)
a5 28 95 76
a0 33 a0 89
75 44 75 130
70 47 70 140
50 67 50 180
25 90 2h 250
10 130 10 330
JULY AUGUST
'pt Flow (cfs) 'p! Flow (cfs}
a5 24 95 17
a0 33 a0 21
75 49 75 28
70 53 70 30
50 71 50 36
25 100 25 47
10 150 10 57
OCTOBER NOVEMBER
p Flow (cfs) 1p! Flow (cfs)
a5 14 95 15
a0 18 90 17
75 22 75 21
70 23 70 22
50 27 50 25
25 32 25 29
10 37 10 33
*Source:

1931-1968 and 1980 period of record at canyon mouth.
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USGS results from compilation of mean daily flows for

MARCH
e Flow (cfs
95 16
90 19
75 23
70 24
50 27
25 31
10 39
JUNE
P Flow (cfs)
95 61
90 92
g 150
70 170
50 210
25 270
10 350
SEPTEMBER
'pr Flow {cfs)
95 16
90 19
/5 23
70 24
50 28
25 34
10 45
DECEMBER
Pt Flow (cfs)
95 13
90 15
75 19
70 20
50 23
25 27
10 31



22

JANUARY
’p' Flow {cfs) 'pr
g5 1.0 95
a0 1.1 90
75 12 75
70 13 70
50 14 50
25 16 25
10 17 10

APRIL
‘pr Flow (cfs) P
95 1.6 95
90 5.7 90
75 17 75
70 18 70
50 24 _50
25 42 25
10 57 10

JULY
pr Flow (cfs) P
95 39 95
90 47 90
75 72 75
70 81 70
50 120 50
25 210'*° 25
10 280 10

OCTOBER

P Flow (cfs) P
95 1.4 95
90 1.6 90
75 16 75
70 17 70
50 19 50
25 22 25
10 31 10
*Source:

LITTLE COTTONWOOD CREEK
FLOW - DURATION VALUES®

(Flows Exceeded 'P' Percent of the Time)

FEBRUARY

Flow (cfs)

MAY

AUGUST

Flow (cfs)

NOVEMBER

85
130
2107
300

4.7
11
24
26
46
63
70

=

Flow {(cfs)

1.5
1.7
15
16
17
20
22

MARCH
tp? Flow {cfs)
95 1.4
90 1.6
75 13
70 14
50 16
26 19
10 21
JUNE
'p! Flow (cfs)
95 130
e

70 240
50 300
25 380

10 420

SEPTEMBER -

‘P' Flow (cfs)
95 2.3
90 2.6
75 18
70 21

50 28

25 36

10 45

DECEMBER

'p! Flow (cfs)
g5 1.1
90 1.2
75 12

70 13
50 15

25 18

10 20

USGS results from compilation of mean daily flows for

1964-1968 and 1980 period of record at gaging station near canyon mouth.
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