


Table 37.—Estimated chemical quality of public water supply and sewage of selected communities in Jordan Valley,
1965-66

[Concentration of dissolved constituents and dissolved solids given in milligrams per liter. Sodium (Na) and potassium (K) computed and
reported as sodium {Na). Chemical quality of public water supply estimated from chemical analyses of individual sources and percent
of total production, 1964-68. Chemical quality of sewage estimated from five analyses of sewage discharge from communities other
than Salt Lake City, 1965-66. Data furnished by Utah State Department of Health. Estimate for Salt Lake City is weighted average
for sewage canal, 1964 water year.]

Salt Lake City Murray Midvale Sandy City Kearns Granger-Hunter
Supply | Sewage | Supply | Sewage | Supply | Sewage | Supply | Sewage | Supply | Sewage | Supply | Sewage
Calcium (Ca) 50 134 48 82 30 74 29 66 43 46 44 94
Magnesium (Mg} 14 64 14 43 4.7 29 4.8 39 13 15 14 51
Sodium (Na) 11 548 12 142 8.1 120 6.2 142 16 108 57 326
Bicarbonate (HCO3) 169 402 166 318 98 230 88 343 | 151 205} 155 342
Sulfate (SO,) 45 497 42 202 14 158 20 127 44 87 93 342
Chioride (Cl) 17 668 22 151 13 135 9.1 149 17 99 47 348
Nitrate {(NOg} .6 25 1.7 8.0 23 27 1.7 14 7 15 3 33
Dissolved solids 236 2,130 225 784 134 693 128 783 | 225 520 | 353 1,390
Sewage facilities
Population served ! 198,000 20,000 17,612 8,994 20,000 24,600
Average daily flow (cfs) 54 4.6 3.9 1.5 1.5 1.2
Increase in dissolved solids 1,890 559 559 655 295 1,020
Dissolved-solids load
Tons per year 100,700 3,880 2,150 967 434 1,250
Tons per year per 1,000
population 508 194 122 108 22 51

’From “Municipal waste water facilities in Utah - 1966 inventory’ Utah State Department of Health.

In irrigation practice, a part of the water diverted is lost by evaporation from canals,
ponds, and the land surface, a part is lost by transpiration of vegetation, and a part is lost through
incorporation in plant tissue. These losses of relatively pure water tend to increase the
concentration of dissolved constituents in the remaining water. Also, soluble salts made available
through accelerated chemical weathering of tilled soils or from fertilizers and soil amendments
are leached by precipitation or excess irrigation water, thus increasing the dissolved-solids content
of the drainage from fields. Increases in the dissolved-solids content in several streams, due in part
to the drainage from irrigated fields, are shown in table 9.

Various standards have been devised to determine the suitability of water for specific
uses. Some of these standards are rigid and mandatory; others are goals to be met if possible. The
following sections describe some of the standards and the suitability of the principal supplies in
Salt Lake County for various uses.
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Water-quality criteria

The only nationwide standards for drinking water are those established by the U.S. Public
Health Service (1962) for use by interstate carriers and others subject to Federal quarantine
regulations. These standards are summarized in table 38. Concentrations of chemical constituents
that exceed the recommended limits are undesirable for domestic use, but these limits often are
exceeded in both domestic and public supplies when water of better quality is not available.

Table 38.—Recommended limiting concentrations of chemical substances in drinking water

[These limits, recommended by the U.S. Public Health
Service (1962), should not be exceeded except when water
of the specified guality is unavailable.]

Concentration,

in milligrams

Substance per liter
Chioride 250
Fluoride1 1.2
Iron 3
Manganese .05
Nitrate 45
Sulfate 250
Dissolved solids 500

1Recommended limits vary with the average of the maximum daily
air temperatures. The value shown is for Jordan Valley; the cor
responding limit for Brighton is about 1.7 milligrams per liter.

Hardness of water—a measure of its tendency to form soap curd or scum—is caused
principally by calcium and magnesium. Other constituents such as aluminum, boron, iron,
strontium, and free acidity, if present, contribute to hardness. The hardness classification used by
the U.S. Geological Survey (S.K. Love, written commun., 1962) is as follows:

Hardness as
calcium carbonate,

in milligrams
per liter Rating Usability
0-60 Soft Suitable for many uses without
softening.

61-120 Moderately hard Usable except in some industrial
applications, Softening
profitable for laundries.

121-180 Hard Softening required for laundries
and some other industries.

Over 180 Very hard Softening desirable for most

purposes.
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Standards of quality for water used in industries vary widely from industry to industry
and even from process to process within a particular industry. Some processes require water of
unusually high quality and some require nearly constant composition of the dissolved solids. On
the other hand, sea water with a dissolved-solids content of about 35,000 mg/! can be used for
cooling (the largest of all industrial uses) in plants equipped to handle such water and brines with
higher concentrations can be used for ore processing. Use of better water, however, results in
lower costs or fewer problems. Specific standards have been described by the American Water
Works Association {1950, table 3-4).

The quality of water required for successful irrigation depends on many factors, including
soluble minerals in the soil, physical structure of the soil, climate, the crops grown, soil drainage,
and irrigation practices. For example, near the shore of Great Salt Lake continual upward
movement of ground water carries large amounts of dissolved solids to the surface where they are
left when the water evaporates. Consequently, only salt-tolerant vegetation grows there. In the
principal irrigated areas in the southern part of Jordan Valley, however, there is no upward
transport of dissolved solids to the surface and the excess of applied water over plant-growth
requirements plus the winter precipitation is sufficient to prevent excessive accumulations of
dissolved solids from the irrigation water.

The hazards involved in using water with various concentrations of dissolved-solids (the
salinity hazard) and various concentrations of sodium relative to calcium and magnesium (the
sodium-adsorption ratio, SAR, which is a measure of the sodium hazard) have been described
quantitatively by the U.S. Salinity Laboratory Staff (1954).

Bicarbonate concentrations in excess of the concentration of calcium and magnesium
may increase the sodium hazard of irrigation water through precipitation of relatively insoluble
calcium and magnesium carbonates, thus increasing the relative concentration of sodium. Eaton
(1950) introduced the concept of residual sodium carbonate (RSC), expressed as milliequivalents
per liter {meg/l), to indicate the bicarbonate value of the irrigation water. The U.S. Salinity
Laboratory Staff (1954) has shown that waters containing less than 1.25 meg/| RSC are probably
safe, those containing 1.25-2.560 meq/l RSC are marginal, and those containing more than 2.50
meq/l RSC are not suitable.

The harmful accumulations of salts can be prevented or decreased by applying extra
water to leach the soils, but excessive leaching removes desirable as well as undesirable minerals.
The process of removing undesirable minerals, chiefly sodium, is sometimes aided by the addition
of calcium (in the form of gypsum) to the irrigation or leaching water. The objective of
applying gypsum is to provide enough calcium to promote favorable chemical reactions. A
method of determining the amounts of leaching and gypsum required to maintain good crop
yields with various types of irrigation water has been developed by Eaton (1954).

Christiansen and Low (1970), in a study of water requirements for waterfowl
management, found that water with a dissolved-solids content of less than 1,900 mg/l produced
the best growth of all plants in flooded or swampy areas except sago pondweed (Potamogeton
pectinatus) tubers which showed greatest growth in water containing 3,000 mg/! of dissolved
solids. Paradoxically, the least desirable plant—cattail (Typha /atifolia )—grew best in water
containing less than 640 mg/I of dissolved solids. Christiansen and Low (1970) give the tentative
classification of water quality for waterfowl management shown in table 39.

California State Water Pollution Control Board (1963, p. 112}, summarizing a report by

the Western Australia Department of Agriculture (1950), listed the following threshold
dissolved-solids content for use in watering stock and poultry.
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Threshold dissolved-solids
concentration, in
milligrams per liter

Poultry 2,860
Swine 4,290
Horses 6,435
Cattle, dairy 7,150

beef 10,000
Sheep, adult without young) 12,900

Table 39.—Tentative classification of water quality for waterfowl-management areas in northern Utah

[From Christiansen and Low (1970)]

Dissolved-solids

content Specific
Class Rating mg/! Conductance
1 Excellent 0-640 Less than 1,000
2 Good 640-1,280 1,000-2,000
3 Fair 1,280-2,560 2,000-4,000
4 Poor 2,560-5,120 4,000-8,000
5

Restrictive More than 5,120 More than 8,000

Suitability of surface water

Municipal and domestic use. —Water from the Wasatch streams in Salt Lake County and
from Deer Creek Reservoir and Provo River are suitable for municipal and domestic use with the
usual treatments of settling or filtration and chlorination to control bacteria. Concentrations of
dissolved solids and most constituents are well below the recommended {imits for drinking water
(table 38) except that the dissolved-solids content of Emigration Creek exceeds 500 mg/l during
periods of low flow. The waters range from moderately hard to very hard and softening is
desirable for household use.

Water from the Jordan River is unsuitable for municipal or domestic use. The
dissolved-solids content of the river water greatly exceeds the recommended limits for drinking
water, it is organically polluted, and it contains very fine sediment (some of it colloidal} which is
difficult to remove.

Industrial use. —The sources described as suitable for municipal and domestic use are also
suitable for most industries that require water of moderately good quality. Softening would be
necessary for some uses and special treatment would be required for others with exacting
requirements,
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For uses such as cooling and ore processing, the quality requirements are not stringent
but the quantities required are large. The Jordan River water is acceptable for most such uses.
Other possible sources include the Salt Lake City Sewage Canal, Goggin Drain, Lee Creek, and
Kennecott Drain. The chemical quality of water in the drains is much poorer than that of Jordan
River water and would be suitable for only those uses with the lowest quality requirements.

Irrigation.—All the major surface-water sources in the county have been used successfully
for irrigation. Water from the Salt Lake City Sewage Canal also is suitable for irrigation of some
crops, but it is not presently (1970) used for irrigation. The suitability of water from the various
sources can be inferred from table 40. All the surface-water sources listed in the table except the
Salt Lake City Sewage Canal contain sufficient calcium so that addition of gypsum is not
necessary. The leaching requirements for waters from the Wasatch streams are negligible, being
far below the leaching resulting from ordinary irrigation practices. The leaching requirements for
Jordan River water are much greater, being about 12 to 20 percent of the irrigation water.
However, part of the required leaching may occur naturally as a result of winter rain and

snowmelt.

The sodium hazard is low for all waters except Jordan River at 9400 South where it is
medium. The salinity hazard is low to medium for water from the Wasatch streams and is high to
very high for Jordan River water.

Stock watering.—Water from the seven Wasatch streams, the Jordan River system, and
streams in the Oquirrh Mountains (except Bingham Creek)} is of suitable chemical quality for
stock watering. During low-flow periods, water from Goggin Drain, which has a dissolved-solids
content as high as 18,900 mg/l, would be unsuitable. Water from Kennecott and Garfield Drains
and Lee Creek is chemically unsuitable because of acidity, high dissolved-solids content, and the
probable presence of toxic heavy metals. The water from the Jordan River may be unsafe for
stock watering because of organic pollution.

Suitability of ground water

Municipal and domestic use.—Ground water from the principal aquifer is used for
municipal and domestic purposes throughout much of Jordan Valley without any treatment
except softening. The concentrations of dissolved solids, chloride, and sulfate in water from
many wells, however, exceed the limits recommended by the U.S. Public Health Service (see table
38). Table 41 lists 58 wells that are used for municipal and domestic supply and which yield
water containing more dissolved solids than the recommended limit of 500 mg/Il. Table 41 also
gives the chloride and sulfate concentrations that exceed the recommended limit of 2560 mg/I.
The wells are scattered throughout the valley, but most are west of the Jordan River. In the
eastern part of the valley the recommended limit for sulfate is exceeded in water from a few
wells; the limit for chloride is not exceeded in any of the wells. In the western part of the valley,
the recommended limit for chloride or sulfate or both is exceeded in about half the wells.

Industrial use.—Ground water of chemical quality suitable for the diversity of industrial
requirements is available in most parts of Jordan Valley. Treatment of the water is not necessary
for most uses; softening and other special treatment would be necessary for uses with rigid
quality requirements. Ground water in the west-central and northern parts of the valley is
suitable only for those industrial uses where quality standards are not exacting. The relatively
high temperature of ground water in parts of the northern section of the valley may reduce its
usefulness for cooling purposes.

Irrigation.—Most of the water from the principal aquifer in the northern part of Jordan
Valley (Tps. 1 N. and 1 S., R.2W.)—is not suitable for irrigation except under special conditions.
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Table 40.—Chemical parameters indicating suitability of surface water for irrigation, 1964-68 water years

[Based on discharge-weighted average chemical analyses; see tables 8 and 13. Negative calcium require-

ments indicate that the water contains more calcium than needed]

Specific conduct-

Residual sodium

Gypsum require-

L eaching require-

ance, in micro- Sodium-adsorp- | Percent Salinity Sodium |carbonate {RSC), | Calcium require- ment, in ment, in percent of
Source mhos/cm at 25°C tion ratio sodium | hazard (C}| hazard (S) in meq/l ment, in meq/| Ib/acre-ft irrigation water

Little Cottonwood Creek 202 0.3 14 Low Low 0 0.15 0 0.5
Big Cottonwood Creek 319 2 8.9 Medium| do 0 -.34 0 6
Mill Creek 576 .2 4.8 do do 0 -2.10 0 6
Parleys Creek 647 .6 16 do do 0 -93 0 1.8
Emigration Creek 727 7 16 do do 0 -1.29 0 2.6
Red Butte Creek 621 5 14 do do 0 -.69 0 1.3
City Creek 481 .3 10 do do 0 +.03 0 .6
Provo River 368 3 11 do do 0 -.65 0 8
Jordan River

at narrows 1,740 3.9 47 High do 0 -2.31 0 14

at 9400 South 2,480 4.0 42 Very high | Medium 0 6.81 0 20

at 5800 South 2,210 3.7 41 High Low 0 -5.70 0 16

at 2100 South 1,850 3.3 41 do do 0 -4.35 0 13

at Cudahy Lane 1,080 3.4 43 do do 0 -3.28 0 12
Surplus Canal at Cohen Flume 1,850 3.5 42 do do 0 -3.86 0 14
Sait Lake City Sewage Canal1 3,210 9.7 67 Very high | High 0 +2.18 510 43

1 . . . .
Based on weighted-average analysis for 1964 water year. No data after construction of Salt Lake City Sewage Plant.
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Table 41.—Dissolved-solids, chloride, and sulfate contents of water from selected wells which
exceed the recommended limits for drinking water .
[Chemical data in milligrams per liter]

Dissolved Dissolved
Well number Chloride Sulfate solids Well number Chloride  Sulfate solids
(B-1-1)5ddd-1 490 1,060 (C-3-1)6dbc-2 260 441 1,240
6cca-1 567 13bab-1 908
9aba-1 898 1,730 24bce-1 450 1,080
(B-1-2)11dca-4 612 31aaa-1 691
(C-1-1)2abc-1 584 32abb-1 559
24cdc-2 482 1,240 32cdc-1 519
24dab-18 664 (C-3-2)5aac-1 636
24dac-10 578 Sacb-1 719
24dac-11 525 34daa-1 553
24dac-12 280 738 : {C-4-1)6dad-1 319 978
24dad-22 264 684 1Mcce-1 825
24dbd-2 273 556 22dbd-1 689
34cdc-2 798 {D-1-1)4adc-1 548
{C-1-2)20cbc-1 498 278 1,510 4cac-2 527
22bcd-4 270 856 7abd-6 644
23cdd-8 312 1,170 19bac-4 609
23ddb-2 280 976 19bac-24 286 653
23ddc-1 270 1,020 19bdc-21 264 610
27abc-1 325 338 1,430 19¢db-17 622
28aaa’ 412 484 1,730 19dbe-1 608
28cdd-1 300 373 1,320 20cbce-1 262 634
35ada-2 315 1,140 20cca-2 562
36abb-5 280 1,020 20ddd-1 289 691
36abc-1 298 1,110 21ddd-1 625
{(C-2-1)3cdd-4 661 25cch-2 599
14caa-1 315 525 1,430 26bbc-1 387 794
32dca-1 780 {D-2-1)4bcc-1 284 642
{C-3-1)4ddd-1 368 579 1,640 17bce-7 515
6cac-1 328 928 (D-4-1)6bdd-1 659

1Composite of wells (C-1-2)28aaa-4, 28aaa-5, 28aaa-6, and 28aaa-7.



The computed leaching requirement' of water from selected wells in that area,as indicated in
figure 82, ranges from about 0 to 240 percent and averages about 50 percent. Leaching
requirements in the upper part of this range would necessitate an extensive drainage system and
the use of fertilizers to replace essential plant nutrients lost through leaching. Application of
from 70 to about 3,200 pounds of gypsum per acre-foot of applied water would be required (fig.
82). However, addition of large amounts of certain types of fertilizers and of gypsum may not be
feasible because it would increase the salinity hazard of the water, which ranges from high to very
high, in most of the northern part of the valley (fig. 83). The sodium hazard of water from the
principal aquifer in the northern part of the valley ranges from low to very high, and residual
sodium carbonate (RSC) ranges from O to 8.44 meq/I . Wells that yield water containing residual

sodium carbonate are listed below.

Residual Residual
sodium sodium
1 carbonate carbonate
Well number (megq/1) Well number (meq/1)
(B-1-1)6cca-1 6.41 (B-1-2)15bcd-2 3.54
16¢cce-1 6.36 19aca-1 6.39
19baa-3 4.42 21abb-1 1.47
19baa-5 2.22 21acd-1 3.19
20bab-1 8.33 21bbb-2 .64
27cdd-3 5.37 21dcd-1 2.11
27dcb-2 8.44 22bdb-1 3.59
(B-1-2)2dac-2 3.20 22cdb-1 3.17
3bdc-1 2.00 23bbd-1 4.41
8abd-1 .06 28bdd-1 41
11dca-4 5.23 28cad-1 3.90

1See appendix for explanation of numbering system.

Water from the principal aquifer south of T. 1 N. (excluding T. 1S., R. 2 W.) is generally
suitable for irrigation. The leaching requirement of the water ranges from about 0 to 20 percent
and averages about 5 percent. The necessary amount of leaching ordinarily will occur under
normal irrigation practice as return flow from irrigation commonly equals or exceeds 25 percent
of the applied water in most of the valley. The application of gypsum is not recommended except
in the southeastern part of the valley and near Murray (fig. 82).

Most of the water in the principal aquifer south of T. 1 N. (excluding T. 1S., R. 2W.) is
of medium to high salinity hazard and low sodium hazard (fig. 83). In several small areas in the
southwestern part of the valley, the water has a very high salinity hazard; and near Magna the
water has very high salinity and sodium hazards. None of the water from the principal aquifer in
the southern part of the valley contains any residual sodium carbonate.

1 L.eaching requirement is defined as the percentage of the applied irrigation water in excess of the crop requirement that is needed

to control soil salinity (U.S. Salinity Lab. Staff, 1954, p. 37).
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Figure 82.—Leaching and gypsum requirements for use of irrigation water from

selected wells in the principal aquifer in Jordan Valley.
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EXPLANATION
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Figure 83.—Areal distribution of the salinity and sodium hazards of water from
the principal aquifer in Jordan Valley. Classifications according to
method of the U.S. Salinity Laboratory Staff (1954, p. 79-81).
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Stock watering.—Most of the ground water in Jordan Valley is suitable for stock watering.
However, the high sodium and chloride content of water from some wells in the northern part of
the valley may make this water unpalatable to animals at first use.

SELECTED PROGRAMS FOR GROUND-WATER DEVELOPMENT

Results of model tests

After the previously described analog model of the ground-water reservoir in Jordan
Valley was completed and verified, it was used to determine the probable effects of 22 idealized
alternative programs of ground-water development on the hydrologic regimen in Jordan Valley.
The following seven of the 22 programs were selected for discussion:

Pumpage after 1968 continued at approximately the 1959-68 rate.

Pumpage after 1968 at approximately double the 1959-68 rate.

Pumpage after 1968 at approximately triple the 1959-68 rate.

Pumpage after 1968 from existing well fields at approximately the 1959-68 rate and also from

a postulated well field.

Pumpage after 1968 continued at approximately the 1959-68 rate and recharge augmented

artificially.

6. Pumpage after 1968 at approximately double the 1959-68 rate and recharge augmented
artificially.

7. Pumpage after 1968 at approximately triple the 1959-68 rate and recharge augmented

artificially.

rON—
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The effects of the four programs that involve no artificial recharge of the aquifers are summarized
in table 42; and the effects of the three programs that include artificial recharge are summarized
in table 43.

Some of the idealized programs tested are feasible from a practical hydrologic standpoint;
others are not or would result in undesirable effects or impractical situations. For example, a
large increase in withdrawal of ground water at the north end of the Oquirrh Mountains would
induce recharge from Great Salt Lake, which would be undesirable for most uses of the water but
probably not prohibitive for its use in ore processing. Also, in the eastern half of Salt Lake City,
the aquifer is too thin (fig. 64} to allow large amounts of artificial recharge or more than
moderate increases in withdrawals. Thus, the aquifer imposes physical limitations on water-level
fluctuations, but the model imposes no similar limitations on the simulated fluctuations.

For most of the model programs, it was assumed that {1) withdrawals would be from
existing wells or new wells in their vicinity, and (2) rates of withdrawal from existing pumping
centers {consisting of one or more wells) would be at rates approximately equal to, double, or
triple the 1959-68 rates. Most of the existing large-capacity wells are used only intermittently
during a few months each year, and a large part of the increased demand could be met by using
them for longer periods. Most of the wells are located where the demand is expected to increase;
therefore, the locations of the pumping centers are not expected to change appreciably by the
year 2020.

The locations of the centers of ground-water withdrawals during 1932-68 are shown in
figure 84. The locations of the principal changes of recharge during 1932-68 (modeled as recharge
wells) and of assumed changes of recharge and discharge after 1968 (also modeled as wells), used
in the model tests, are shown in figure 85.
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Table 42.-Summary of the effects of pumping ground water at selected rates during selected periods.

[All quantities are mean annual amounts, in acre-feet, and all except those in the last line are increases over the corresponding amounts for 1931. All quantities are
derived from measurements in the analog model. The pumpage increase in the heading differs slightty from the sum (next to fast fine) because of errors inherent in

operation of the model or reading the oscilloscopel

Program 1

Program 2

Program 3

Program 4

Source of pumpage increase

Pumpage increase, 67,700

Pumpage increase, 125,000

Pumpage increase, 194,800

Pumpage increase, 120,800
including 51,700 from
postulated well field

1969-80{1981-2000|2001-20 | 1969-80|1981-2000{2001-20 | 1969-80{1981-2000{2001-20 | 1969-801981-2000|2001-20
Increased recharge from irrigation water 11,800 11,800 11,800 13,100 13,100 13,100 12,200 12,200 12,200 11,900 11,900 11,300
Increased recharge from urbanized areas
and tailings pond 16900 16,900 16,900 18800 18,800 18,800 17,600 17,600 17,600 16,600 16,600 16,600
Decreased evapotranspiration of ground water 12,800 14,600 15,000 33,800 39,200 40,500 43,300 49500 50,400 41,500 46500 46,500
Decreased ground-water discharge to streams 5,200 8,300 9,800 17,200 29,100 32,000 35000 53,000 61,500 6,700 10,200 12,000
Decreased ground-water discharge to
Great Salt Lake 2,200 2,200 2,200 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000
Induced recharge from Great Sait Lake 0 0 0 3,400 4,400 4,800 6,500 9,500 10,200 300 400 400
Decreased discharge from flowing wells 4,800 5,800 6,100 10,200 12,200 13,400 13600 18,800 19,900 5,800 7.800 8,400
Decreased ground-water discharge to or induced
recharge from waterfowl-management areas 5,100 5,100 5,200 (1) 1 (1) (1) (1) (1) 8,800 11900 12,600
Decreased storage in the shallow unconfined
aquifer 6,500 1,700 500
26,800 11,000 7,600 49500 18,200 8,900 19,800 5,400 2,700
Decreased storage in the principal aquifer 1.800 1,100 700
Sum 67,100 67,500 68,200 127,300 131,800 134,200 181,700 182,800 184,700 115,400 114,700 115,100
Total withdrawal of ground water2 100,900 99,900 99,600 152,800 150,800 149,600 219,200 214,000 212,900 153,000 151,000 150,400

1Not modeled. Amount included in evapotranspiration of ground water and storage in the shallow unconfined aquifer.

2The total withdrawal is the 1931 withdrawal (38,000 acre-ft) plus the pumpage increase less the amount derived from the discharge of flowing wells.
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Table 43.—Summary of the effects of pumping ground water at selected rates during selected periods,

with artificial recharge.

[All quantities are mean annual amounts, in acre-feet, and all except those in the last line are increases over the corresponding amounts for 1931. All quantities are derived

from measurements in the analog model. The pumpage increase in the heading differs slightly from the sum (next to last line} because of errors inherent in operating the

model or reading the oscifloscope.]

Source of pumpage increase

Program 5

Program 6

Program 7

Pumpage increase, 74,000

Artificial recharge, 25,600

Pumpage increase, 136,000

Artificial recharge, 26,700

Pumpage increase, 203,700

Artificial recharge, 24,900

1969-80 1981-2000 | 2001-20 1969-80 | 1981-2000 | 2001-20 1969-80 1981-2000 2001-20
Increased recharge from irrigation water 11,600 11,600 11,600 12,700 12,700 12,700 11,900 11,900 11,900
Increased recharge from urbanized areas and tailings pond 16,000 16,000 16,000 17,600 17,600 17,600 16,900 16,900 16,900
Decreased evapotranspiration of ground water 12,500 13,800 13,800 28,200 32,700 34,400 30,000 36,500 39,100
Decreased ground-water discharge to streams 1,200 -1,800 -2,500 17,300 25,400 29,000 33,200 53,700 55,100
Decreased ground-water discharge to Great Salt Lake 2,200 2,200 2,200 4,000 4,000 4,000 4,000 4,000 4,000
Induced recharge from Great Salt Lake 4] 0 0 2,000 4,400 4,600 8,200 11,900 11,800
Decreased discharge from flowing wells 2,600 1,300 1,000 7,700 9,400 10,500 12,800 17,000 18,300
Decreased ground-water discharge to or induced
recharge from waterfowl-management areas 4,600 3,100 3,100 6,500 7,400 7,500 8,800 10,900 11,800
Decreased storage in the shallow unconfined aquifer 20,100 4,100 1,100 43,000 12,000 6,200
-5,800 900 0
Decreased storage in the principal aquifer 2,100 2,100 1,800 7,700 5,400 4,800
Sum'! 70,400 70,900 70,800 144,900 146,500 149,900 201,400 205,100 204,800
Total withdrawal of ground water? 109,500 110,700 111,000 166,300 164,600 163,500 228,900 224,700 223,400

1 Includes the amount of artificial recharge shown in the headings.

2

The total withdrawal is the 1931 withdrawal (38,000 acre-ft) plus the pumpage increase less the amount derived from discharge of flowing wells.
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Figure 84.—Locations of the centers for withdrawal of ground water used in the

analog model for the period 1932-68. A center consists of one or
more flowing or pumped wells and represents a point on the analog
model where withdrawal was simulated.
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Early model tests verified the assumption that the ground-water regimen was essentially
in equilibrium in 1931, when the total annual withdrawal was 38,000 acre-feet. Hence, this
condition was used as a base, and all results read from the model are expressed as changes since
1931. The last lines in tables 42 and 43 (total withdrawal), include the 1931 base rate of 38,000

acre-feet.

The sources and quantities of water available to pumped wells are summarized in the
following table.

Quantity avail-
able at the

Potential source of water beginning of 1969
pumped from wells {acre-ft per yr) Remarks
Seepage of irrigation water 11,800 This is the average annual increase since
1931. (See table 26.) Accumulated total
for this source since 1931 is 127,000 acre-
feet.
Recharge from urbanized areas and This is the average annual increase since 1931
tailings pond 15,000 (table 26) and the total for this source.
Evapotranspiration of ground water 60,000 See table 33.
Ground-water discharge to streams 196,000 See table 22.
Ground-water discharge (through seeps,
springs, and drains) to Great Salt Lake 4,000 Do.
Ground-water discharge by flowing wells 38,000 See p. 140.
Induced recharge from waterfowl-
management areas 205,000 This is the amount of surface water diverted to
waterfowl-management areas. (See table 19.)
Ground-water storage in the shallow
unconfined and principal aquifers 60,000,000 acre-feet

The rate of pumping from wells was held constant throughout each model program.
Continuous pumping generally causes a decline of water levels, which in turn results in a decrease
in the discharge by flowing wells. Thus, the total withdrawal from pumped and flowing wells is
expected to decline as indicated by the values in the last line of tables 42 and 43.

Large increases of the net withdrawal would cause declines in the ground-water discharge
to streams in Jordan Valley. If such declines occurred during seasons of dormant vegetation and
relatively low-water demand, they would represent salvage of water which would otherwise be
wasted to Great Salt Lake. Such declines during the growing season, however, would represent a
reduction of the usable supply of surface water. It is estimated that approximately half the
indicated reductions of ground-water discharge to streams in line 4 of tables 42 and 43 would be
reductions of usable surface-water supply. Thus the overall increase of water withdrawn in the
valley would be correspondingly smaller than is indicated by the total withdrawals shown in the
last line of tables 42 and 43.
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The analog model was so constructed that all the simulated increase in withdrawal from
wells was derived from induced recharge in the valley, from increases in recharge resulting from
man’s activities, from a reduction in other modes of discharge, or taken from storage within the
valley. No additional recharge from outside the valley was induced in the model.

Nine individual sources of the additional water withdrawn from wells were monitored
during most of the model programs: (1) increased recharge from irrigation water, (2) increased
recharge from urbanized areas and tailings pond, (3) decreased discharge of ground water by
evapotranspiration in low-lying parts of the valley (excluding the waterfowl-management area),
(4) decreased discharge of ground water to streams, especially the Jordan River and Big
Cottonwood and Little Cottonwood Creeks, (5) decreased ground-water discharge to Great Sait
Lake and induced recharge from Great Salt Lake, (6) decreased discharge from flowing wells, (7)
decreased ground-water discharge to waterfowl-management area or, at times {in program 4),
induced recharge from ponded surface water in the area, (8) decreased storage in the shallow
unconfined aquifer, and {9} decreased storage in the principal aquifer.

The apparent recharge resulting from the tailings pond was discussed in the section on
ground-water recharge. (See p. 127.) To enable completion of the estimate of recharge (table 21),
the apparent recharge from the tailings pond was separated into actual recharge and an effect due
to weight of the tailings on water levels, which was indistinguishable in the model from actual
recharge. In tables 42 and 43, no separation was attempted because the relative amounts are
unknown and probably variable, and the effects of weight are small relative to the effects of the
pumpage increase.

Source 7 was not modeled in programs 2 and 3. Consequently, sources 3 and 8 appear to
yield more water than they actually would because of the close relation of these three sources in
the vicinity of the waterfowl-management area. Also for programs 2-5, sources 8 and 9 were not
monitored separately but were read as total storage depletion in the ground-water reservoir.

Maps showing the change in water levels between 1931 and the programed date {1980,
2000, or 2020} were derived from the model for each of the seven programs in tables 42 and 43.
These maps indicate the general nature of the pattern of water-level change. Significant
differences between the actual and simulated water levels occur locally, however, because the
model was constructed using averages of the observed values of transmissivity and storage
coefficient. These averages may differ from actual averages, especially where the available data
are not sufficient to define precisely the variations of physical characteristics of the actual
aquifer. Although the time periods are different, comparison of figures 63 and 86 reveals such a
discrepancy between the observed and simulated water-level declines between Holladay and
Murray for the same pumping program.

Variables that were intended to be the same in two or more programs differ slightly in the
various programs because of limitations of the accuracy of the values obtained from the model.
However, such differences generally are less than 10 percent of the values modeled, and most are
less than b percent. The values used in and resuiting from the model analysis are reported to the
nearest 100 acre-feet in order to show adequately their significance, thus appropriate
consideration must be allowed in any other application of the values.
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One general conclusion from the model studies is that land subsidence does not pose a
serious problem in any of the programs investigated. In the central and northern parts of Jordan
Valley, where aquifers contain thick beds of fine-grained sediments and are most susceptible to
compaction, with consequent land subsidence, water levels would not decline more than 50 feet
for any of the programs. In the eastern part of the valley, where future declines may exceed 50
feet, the deposits are mostly coarse grained. Here the aquifers are susceptible to only slight
compaction.

The probable effects of the seven individual programs are discussed below.

Program 1 (pumpage increase of 67,700 acre-ft annually over the 1931 base withdrawal
of 38,000 acre-ft). —According to the model study, the largest source of the total withdrawal
after 1968 would be man-caused recharge (seepage of irrigation water, and seepage from
urbanized areas and the tailings pond). This would amount to 28,700 acre-feet (table 26) or 29
percent of the total withdrawal, an amount assumed to be constant through the 1969-2020
period. {See table 42.)

The amount of water taken from storage in the ground-water reservoir would be relatively
small, ranging from about 8 percent of the total water pumped during 1969-80 to about 1
percent during 2001-20. Conversely, the amount of ground water diverted from discharge to the
Jordan River and tributaries would increase from about 5 percent of the total withdrawal during
1969-80 to about 10 percent during 2001-20. The gain from ground-water seepage into these
streams (170,000 acre-ft, table 22) would be reduced by 3 and 6 percent, respectively, for the
two periods. Each of the other items in table 42 would be a relatively small and stable quantity
during 1969-2020. .

The model shows that for program 1, water-level changes in the principal aquifer would
range from rises of more than 20 feet to declines of more than 20 feet from the 1932 level by the
years 1980, 2000, and 2020 (fig. 86). The average change would be a decline of 2.0 feet during
1932-80, 1.6 feet during 1981-2000, and 0.7 foot during 2001-20. Local declines exceeding 20
feet would occur west of Magna and east of Sandy City by 1980, southeast of Salt Lake City by
2000, and in the eastern part of Salt Lake City by 2020. The total areas encompassed by the lines
of 20-foot decline would increase nearly 10 times between 1968 and 2020, but in no place would
the declines reach 30 feet by 2020 (fig. 86). Water levels in the southern part of the valley rose a
maximum of 29 feet by 1969 (fig. 63); and a rise exceeding 20 feet would remain until 2020,
although there would be a small decrease in the size of the area of rise. Recharge would
apparently approximately balance discharge in this part of the valley during the period
1969-2020. The area of no change in water level at the north end of the valley would be kept
static by induced recharge from the ponds in the waterfowl-management area, which are supplied
largely by streamflow (see table 19).

The chemical quality of the water in the principal aquifer in most of the valley would not
change significantly under program 1. However, continuing recharge with water from the Jordan
River used for irrigation would cause a continued degradation of the quality in the
Herriman-Riverton area. On the other hand, recharge with good quality water used to water
lawns probably would cause a slight improvement of quality in the eastern part of Salt Lake City.
The large withdrawals northwest of Magna have already caused a marked degradation of quality,
and continued withdrawals at the same rate might induce greater degradation.
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Program 2 (pumpage increase of 125,000 acre-ft annually over the 1931 base withdrawal
of 38,000" acre-ft). —In this program, the amounts derived from sources other than man-caused
recharge would increase markedly (table 42). The amounts derived from man-caused recharge
(first two lines) theoretically remain constant, and the differences in these items between
programs 1 and 2 in table 42 are due to model error.

As in program 1, the amounts derived from storage would decrease sharply with time.
This decrease would be balanced by increases in the amounts derived from other sources, chiefly
evapotranspiration of ground water and discharge to streams. A relatively small amount of
recharge would be induced from Great Salt Lake (table 42) northwest of Magna.

The average water level in the principal aquifer would decline about five times as much
between 1932 and 1980 as it would if withdrawals were not increased above the 1959-68 rate.
The average decline of water level in the valley would be 10 feet during 1932-80, an additional
2.2 feet during 1981-2000, and an additional 0.8 foot during 2001-20 (fig. 87). Locally declines
exceeding 40 feet in the eastern part of Salt Lake City and east of Sandy City would occur by
1980, and declines of 60 feet southeast of Salt Lake City would occur by 2000. Water levels in
the southern part of the valley, which rose a maximum of 29 feet by 1969 (fig. 63), would
decline; but a small area of rise exceeding 20 feet would remain until 2020. Discharge apparently
would be only slightly greater than recharge in the small area of rise during 1969-2020. Water
levels at the north end of the valley would remain essentially unchanged because of the relatively
small amount of ground water withdrawn by wells in this part of the valley and because of the
ponded water in the waterfowl-management area that would supply recharge.

The chemical quality of the water in the principal aquifer would not change significantly
under program 2. The major effect would be continued and accelerated degradation of quality
west of the tailings pond due in part to induce recharge from Great Salt Lake (table 42).

Program 3 {pumpage increase of 194,800 acre-ft annually over the 1931 base withdrawal
of 38,000 acre-ft).—In this program the amounts derived from most sources (table 42) would be
greater than those for program 2. The amounts derived from storage would decrease considerably
with time, and this decrease would be balanced by increases from other sources, particularly
discharge to streams.

The average water level in the principal aquifer would decline almost 10 times as much
between 1932 and 1980 as it would have if withdrawals were not increased above the 1959-68
rate. The average decline in the valley would be 19 feet during 1932-80, an additional 4.4 feet
during 1981-2000, and an additional 1.4 feet during 2001-20 (fig. 88). Locally, declines
exceeding 80 feet east of Sandy City and more than 100 feet in Salt Lake City would occur by
2000 according to the model. The area of rise in the southern part of the valley would disappear
by 2000.

1Only 5,000 acre-feet of the 38,000 acre-feet withdrawn in 1931 was pumped. Conseqguently, doubling the pumpage increase
since 1931 is roughly equivalent to doubling the 1959-68 pumpage rate.
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The declines indicated in figure 88 in the eastern part of Salt Lake City exceed the
saturated thickness of the principal aguifer. Consequently, it would not be possible to triple
pumpage in that area. Declines in the remainder of the valley are not known to exceed the
saturated thickness. Thus, from a hydrologic point of view, tripling the pumping rates would be
feasible in all areas except eastern Salt Lake City.

Under present conditions, ground-water gradients toward the Jordan River from both east
and west restrict ground-water movement from one side of the river to the other, and thus
prevent contamination of water on the east side by water of poorer quality from the west side.
This situation would be changed under program 3, and the gradient would reverse before 2020 in
some places east of the river. The resulting migration of Jordan River water and ground water
from west of the river into wells east of the river would cause serious degradation of the quality.
Although a tripled pumping rate with no augmentation of the recharge could not be sustained for
periods of 30 or more years without serious degradation of chemical quality, such rates could be
sustained for shorter periods without degradation.

The induced recharge from Great Salt Lake would be greater under this program than
under program 2, and the quality of the water would degrade more.

Program 4 (pumpage increase of 120,800 acre-ft annually over the 1931 base withdrawal,
including 51,700 acre-ft from a postulated well field).—The postulated well field consists of 20
wells in the northern part of the Jordan Valley (fig. 85), in an area where future industries will
probably require large amounts of water and where withdrawals would enable the maximum
salvage of ground water now wasted by evapotranspiration. The pumping rate at the postulated
well field was selected so that the drawdown at the southwest corner of the field wouid be 30
feet by 1980 (fig. 89). This limit was established in order to obtain the maximum pumpage
without causing excessive aquifer compaction or the encroachment of saline water from Great

Salt Lake.

In program 4, the amount of water salvaged from evapotranspiration of ground water
would be nearly as great as that obtained by the tripled pumpage of program 3 (table 42); but the
streamflow would be depleted much less. About 56 percent of the withdrawal from the
postulated well field during 1969-80 would be from evapotranspiration of ground water, but the
amount of water from this source would only increase by about 10 percent by 2020. The
remainder of the withdrawal would be obtained from all other sources except man-caused

recharge.

The average water level in the principal aquifer would decline about four times as much
between 1932 and 1980 as it would have if there had been no pumping in the postulated well
field. Most of this increased decline would be in the northern part of the valley (fig. 89). Declines
in the valley would average 8.0 feet during 1932-80, but declines exceeding 40 feet would occur
-at the center of the postulated well field. Water levels in the southern third of the valley would
not be affected by pumping in the postulated well field, and they would be affected only slightly
in the northeastern part of the valley (compare figs. 86 and 89).

Water-level changes for the years after 1980 are not shown in figure 89 because the model
showed that water levels would nearly reach equilibrium by 1980.

The effects of program 4 on the chemical quality of the water would be similar to those
described for program 1, except for the effects of a small amount of induced recharge from Great
Salt Lake northwest of Magna. Lowering the water level in the shallow unconfined aquifer would
reduce the loss by evapotranspiration and consequently tend to improve the quality of the water
in the shallow aquifer. Pumping from the principal aquifer in the postulated well field, however,
would eventually cause some degradation of the chemical quality of the water in that aquifer
because of the induced downward movement of water from the shallow aquifer.
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Program 5 (pumpage increase of 74,000 acre-ft annually over the 1931 base withdrawal;
artificial recharge, 25,600 acre-ft annually). —The artificial recharge was programed through 44
hypothetical wells along the east side of Jordan Valley (fig. 85). Artificial recharge may be by
methods other than through wells. If the locations and amounts of recharge remain the same as
those modeled, however, the results would be unaffected.

Program 5 would cause an increase of the ground-water discharge to streams (indicated by
the negative entries in table 43) by the year 2000. It would also cause an increase of the amount
of water in storage until shortly after 1980, when the water levels would stabilize. Ground-water
discharge to Great Salt Lake should be the same as for program 1.

The average water level in the principal aquifer would decline one-fifth as much between
1932 and 2000 as it would have without artificial recharge. The average decline in the valley
during 1932-2000 would be 0.7 foot (fig. 90}, but a local decline exceeding 20 feet would occur
west of Magna. Rises exceeding 40 feet southeast of Sandy City and as much as 155 feet (not
shown in fig. 90) in the eastern part of Salt Lake City were indicated by the model. Such large
rises in the eastern part of Salt Lake City are not practical, however, because in parts of the area
the unsaturated thickness of the aquifer is much less than 155 feet. This means that with no
increase in pumping in this part of the valley, artificial recharge in the eastern part of Salt Lake
City would have to be much less than the amount programed. Water levels west of the Jordan
River would be affected only slightly by artificial recharge east of the river, because the river acts
as a drain for ground water from each side of the valley.

Under program 5 the changes in chemical quality induced by changes in water level would
be similar to those described for program 1. Mixing of native ground water at any place in Jordan
Valley with water from the Wasatch streams or Deer Creek Reservoir would cause an
improvement in quality in the area downgradient from the recharge area to the zone where
practically all water used for artificial recharge would be withdrawn.

Artificial recharge may involve chemical-quality problems that are related to the chemical
quality of the recharge water, the aquifer characteristics, and chemical reactions that may result
from the process of recharge. Sources of water for artificial recharge in the eastern part of Jordan
Valley include Deer Creek Reservoir and Little Cottonwood, Big Cottonwood, and Mill Creeks.
Computations based on the weighted average concentrations of dissolved solids for water from
Deer Creek Reservoir (p. 74) show that the equilibrium pH is 7.7, which is only slightly less than
the measured value of 7.8. If the equilibrium pH of recharge water exceeds the measured pH by
0.5, the water is capable of dissolving calcium carbonate from the aquifer. Conversely, if the
equilibrium pH is less than the measured pH by 0.5, the water is supersaturated with calcium
carbonate, which will precipitate in the aquifer and reduce its permeability. Hence, if water from
Deer Creek Reservoir should be used for artificial recharge in southeastern Salt Lake County,
neither precipitation of calcium carbonate in the aquifer nor solution from the aquifer would be
significant.

The pH values for the three Wasatch creeks are listed below:

Equilibrium pH Measured pH
Little Cottonwood Creek 8.2 7.4
Big Cottonwood Creek 7.2 7.8
Mill Creek 7.7 7.8

Thus, considering pH values, the water from Little Cottonwood and Mill Creeks would be the
most suitable for artificial recharge.
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Artificial recharge may also involve sediment problems which may require additional
research for solution. Water conducted from a reservoir through a pipeline or lined canal to the
recharge site is best for artificial recharge because of its extremely low sediment content. The
relative suitability of water from the Wasatch streams is indicated by the sediment loads in table
10. Although the concentrations of sediment in these streams is much less than the
concentrations in many streams, the concentrations during periods when surplus water is
available may be high enough to cause some clogging of recharge areas or wells.

Serious plugging of the aquifer can occur during artificial recharge by the precipitation of
ferric iron. Generally, the Eh (redox potential) and pH of the native ground water would permit
ferrous iron to remain in solution, but the Eh and pH of some surface water used for recharge
could permit the complete oxidation of ferrous iron and precipitation as ferric hydroxide.
Additional data on the iron content, Eh, and pH of the native ground water and the injected
water should be collected during specific recharge experiments. Application of stability field
diagrams (Hem, 1960, 1961b} would indicate the potential plugging by iron that might not be
apparent for some time after recharge had started.

Program 6 (pumpage increase of 136,000 acre-ft annually over the 1931 base withdrawal;
artificial recharge, 26,700 acre-ft annually). —The effects of program 6 are shown in table 43. The
program would result in an average decline in water level between 1932 and 2000 of 11.4 feet,
about five times as much as it would be with pumpage at the 1959-68 rate and no artificial
recharge. Declines would exceed 60 feet northwest of Magna (fig. 91), resulting in induced
recharge from Great Salt Lake. Declines would exceed 40 feet in parts of Salt Lake City, but
water levels would rise more than 20 feet at the eastern edge of the city.

Except for the dilution of native ground water with water used for artificial recharge,
program 6 would cause little change in the chemical quality of ground water. The artificial
recharge would have no effect on the quality of ground water west of the Jordan River, where
guality changes would be similar to those for program 2.

Program 7 (pumpage increase of 203,700 acre-ft annually over the 1931 base withdrawal;
artificial recharge, 24,900 acre-ft annually). —The effects of program 7 are indicated in table 43.
By the year 2000, the program would result in an average water-level decline of 20 feet between
1932 and 2000, almost 10 times as much as it would have if pumpage had remained at the
1959-68 rate and there were no artificial recharge. Local declines would exceed 60 feet east of
Sandy City and 100 feet west of Magna® (inducing recharge from Great Salt Lake) and in parts of
Salt Lake City (fig. 92). Slight rises would occur at the east edge of Salt Lake City, and the rise in
the southern part of the valley that existed in 1969 would practically disappear by 2000.

The indicated declines in the eastern part of Salt Lake City are greater than the saturated
thickness of the aquifer. Hence, sustained pumping at triple the 1959-68 rate would not be
possible there even with the indicated amount of artificial recharge.

Artificial recharge as postulated for program 7 would result in improved quality of the
water near the recharge area. Practically all the water used for artificial recharge would be
intercepted by discharging wells east of the Jordan River. Consequently, the recharge would have
little effect on the quality near the river or west of it. The quality changes there would be similar
to those for program 3.

Discussion

The hydrologic objectives of managing the water resources in Salt Lake County, in
general, would be (1) to salvage water that is now wasted through natural discharge
(evapotranspiration, underflow to Great Salt Lake, and seepage to streams when the water cannot

1The differences between figures 88 and 92 in the area near Magna result from limitations of the model.
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be used) and (2) to use the storage capacity of the ground-water reservoir to supplement or
replace surface storage. The first objective requires a lowering of ground-water levels in areas of
natural discharge; the second requires marked fluctuations of water levels coordinated with the
availability of surface-water supplies suitable for recharge.

It would be possible to lower the ground-water levels sufficiently to eliminate practically
all waste of ground water through natural discharge. However, the drastic lowering which would
be required would be accompanied by undesirable effects, such as induced recharge from Great
Salt Lake, unless special measures were taken to control them. For example, an area where a large
drawdown of water levels is permissible could be isolated from Great Salt Lake by injecting fresh
water into a line of recharge wells to create a ridge in the potentiometric surface between the lake
and discharging wells. The ridge should be as near the lake as is convenient to place it and high
enough to maintain a gradient toward the lake. Most of the injected water would be recovered
from the discharging wells because the water-level gradient would be steeper toward them than
toward the lake.

Water levels can be controlled for use of the ground-water storage capacity within the
limits imposed by natural recharge and discharge; or more of the storage capacity can be used by
permitting greater drawdown during drought periods and augmenting the recharge with surplus
surface water during periods of abundant runoff. The source for such artificial recharge might be
the Wasatch streams in Salt Lake County, Deer Creek Reservoir, or any imported supply of good
quality.

Surplus water from the unregulated Wasatch streams would be available only for a few
weeks in each year of near-normal or above-normal runoff. Hence, the usefulness of the
ground-water reservoir in regulating the supply from the Wasatch streams would be limited unless
the streamflow was partly regulated in surface reservoirs and thus made available for longer
periods. An estimate of the amount of surplus water available during 1964-68 water years is the
difference between the amount of discharge (150,000 acre-ft) and the amount diverted (94,000
acre-ft), or 56,000 acre-feet per year.

Deer Creek Reservoir water could readily be used for artificial recharge, and such use
would eliminate a major fault in the present system. As previously explained, rights of the
Metropolitan Water District of Salt Lake City to water stored in the reservoir from previous years
are nullified if runoff from the Provo River basin is sufficient to fill the reservoir. Such stored
water could be transferred from the reservoir to an artificial recharge system during periods when
the full capacity of the aqueduct is not needed for delivery of municipal supplies. The maximum
amount of Deer Creek Reservoir water available to Salt Lake County during 1964-68 was 71,300
acre-feet per year (61,700 acre-ft plus 9,600 acre-ft per yr). The amount delivered averaged about
30,000 acre-feet per year (table 18). The difference of about 41,000 acre-feet is the approximate
average annual quantity that could have been available for recharge.

Artificial recharge may be accomplished by injecting water into wells or by spreading it
through ditches or basins in pervious materials. Satisfactory design of an extensive system
requires additional research at the specific sites involved, including research into legal and
economic aspects, local effects of additional recharge on water levels, the physical and chemical
compatibility of the aquifer deposits and recharge water, and rates at which the aquifer can
assimilate recharge. Additional recharge under present conditions would tend to aggravate the
problem of high water levels in low-lying parts of the county.

The need for artificial recharge and fresh-water barriers probably is several years away.

The potential regulating capacity of the ground-water reservoir, however, should be considered in
the appraisal of overall storage requirements for Salt Lake County.

The relation between the amount of water derived from ground-water storage and the
duration of pumping for two assumed rates is shown in figure 93. The curves are defined by the
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Figure 93.—Cumulative quantities of water derived from storage in the
ground-water reservoir for two assumed pumping rates. The indicated
pumping rates are approximately double and triple the 1958-69 rate
superimposed on the 1931 base withdrawal rate of 38,000 acre-feet.

data from programs 2 and 3 of the analog model tests (table 42). If the pumpage increase over
the 1931 rate of withdrawal were approximately triple the 1959-68 rate, for example, the
amount of water withdrawn from storage in 2 years would be nearly 170,000 acre-feet—more
than the storage capacity needed for complete reguiation of the Wasatch streams within Salt Lake

County.

The curves in figure 93, however, are based on storage in the entire ground-water reservoir
and withdrawals from all existing pumping centers. In actual operation, a large part of the
withdrawal and recharge might be concentrated in a much smaller area, and the storage capacity
used would be less.

Data and discussions presented in this report indicate that full development of the water
supply in the Wasatch streams would require considerable surface storage capacity and also that
part of the total storage requirement could be met by use of the ground-water reservoir. The
capacity of the ground-water reservoir that can be made available is sufficient to meet the needs
for supplemental storage of water from these streams and also from Deer Creek Reservoir and
other sources.

The data also indicate that a long-term average pumping rate at least double that of
1959-68 can be maintained in most parts of Jordan Valley with no serious consequences (other
than an increase in pumping lift). A rate triple that of 1959-68 could be maintained for shorter
periods (from 1 to about 5 years) provided that the water levels are later allowed to recover
either naturally or with the aid of artificial recharge.
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Designation of station and well sites

Most sites or features in this report are described by reference to well known landmarks,
the cadastral land survey by the U.S. Government, or the Salt Lake County coordinate system.
The starting point for both the land survey and the coordinates is the intersection of the Salt
Lake meridian and base line at Main and South Temple Streets in Salt Lake City.

The land survey established townships approximately 6 miles square, each township being
designated by a township number north or south of the base line and a range number east or west
of the meridian. Townships are subdivided into 36 sections numbered from the northeast section
of the township as indicated in figure 94.

This survey is the basis for a system of numbering wells and springs in Utah that
indentifies each well or spring and also locates it to the nearest 10-acre tract. The meridian and
base line divide the State into four quadrants designated by the uppercase letters A, B, C, and D
(fig. 94). Numbers designating the township and range, respectively, follow the quadrant letter,
and the three are enclosed in parentheses. The number after the parentheses designates the
section, and the lowercase letters designate the location within the section. The first letter
indicates the quarter section (a tract of about 160 acres), the second letter indicates the 40-acre
tract, and the third indicates the 10 acre-tract. The numbers that follow the letters indicate the
serial number of the well or spring within the 10-acre tract. Thus, well (C-2-1)24adc-1 is in the
SWWSE%NEY sec. 24, T. 2 S., R. 1 W,, and is the first well assigned a number in that tract. (See
fig. 94.) Springs are designated by the letter S preceding the serial number at the end of the
location number.
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The county coordinate system, which is the basis for most street numbering in the
county, indicates direction and approximate distance from the intersection of Main and South
Temple Streets. For example, 27th East Street is 27 blocks east of Main and the corresponding
coordinate number is 2700 East. Similarly, 21st South Street is 21 blocks south of South Temple
and its coordinate number is 2100 South. However, west of Main Street and north of South
Temple Street the numbers are 100 higher than the street names indicate, because West Temple
Street is between Main and 1st West and North Temple Street is between South Temple and 1st
North. Thus, 2nd West Street is three blocks west of Main, and its coordinate number is 300
West.

Units of measurement

In this report volumes of water (except in laboratory analyses) are expressed in acre-feet.
One acre-foot is the volume of water required to cover one acre to a depth of one foot and equals

325,851 gallons.

Stream discharge is expressed in cubic feet per second (cfs). A steady discharge of 1.0 cfs
for 1 day equals 1.983471 acre-feet.

Air temperatures are given in degrees Fahrenheit (°F) in accordance with long-standing
practice of the Weather Bureau and other agencies. Water temperatures, however, are given in
degrees Celsius (°C), formerly known as centigrade, in accordance with the adoption of metric
units for reporting most water-quality data. Equivalent temperatures in the other units are often
given to aid comparisons of air and water temperatures. (See accompanying temperature-
conversion table.)

Concentrations of dissolved solids, constituents, and suspended sediment are given in
milligrams per liter (mg/I) instead of the parts per million (ppm) formerly used. For nearly all
concentrations discussed herein the results by the two systems are practically the same. The
difference generally becomes significant only at dissolved-solids concentrations greater than
7,000 mg/l and sediment concentrations greater than 15,000 mg/l. Sediment discharge is reported
in tons per day.

Concentrations of chemical constituents also may be given in milliequivalents per liter
(meqg/l). This unit, which expresses the concentration of chemical constituents in terms of
chemical equivalence, better describes the composition of a water and the relationship of ions in
solution. One milliequivalent of a postively charged ion (cation) will react with one
milliequivalent of a negatively charged ion (anion). Milligrams per liter are converted to
milliequivalents per liter by multiplying by the reciprocal of the combining weight of the ion.
The following factors are used:

Cation Factor Anion Factor
Calcium (Ca*2) 0.04990 Carbonate (CO372) 0.03333
Magnesium (Mg*2) .08226 Bicarbonate (HCO3™1) .01639
Sodium (Na”) . .04350 Sulfate (SO4'2) 102082
Potassium (K1) .02557 Chloride (CI"V) 02821

Nitrate (NO3™1) 01613
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TEMPERATURE-CONVERSION TABLE

Temperatures in °C are rounded to nearest 0.5 degree. Underscored temperatures are exact equivalents. To convert
from °F to °C where two lines have the same value for °F, use the line marked with an asterisk (*) to obtain equiva-
lent °C.

OC OF OC OF OC OF OC OF OC OF Oc OF OC OF
200 4 |-100 14 | 00 32 | 100 50 | 200 68 | 300 86 | 400 104
-19.5 -3 -9.5 15 +0.5 33 10.5 51 20.5 69 30.5 87 405 105
19.0 -2 9.0 16 1.0 34 11.0 52 21.0 70 31.0 88 41.0 106
-18.5 -1 -8.6 17 1.5 35 11.5 53 21.5 71 315 89 41.5 107
180 * O -80* 18 20* 36 120 * 54 220 * 72 320 * 90 420 * 108
-17.5 0 -7.5 18 2.5 36 125 b4 225 72 32.5 90 425 108
-17.0 1 -71.0 19 3.0 37 13.0 55 23.0 73 33.0 91 43.0 109
16.5 2 -6.5 20 3.5 38 135 56 236 74 33.5 92 435 110
-16.0 3 -6.0 21 4.0 39 14.0 57 24.0 75 34.0 93 44 0 111
-15.56 4 5.5 22 4.5 40 14.5 58 24.5 76 345 94 445 112
450 5| 50 23 | 50 41| 150 59 | 260 77 | 350 95 | 450 113
-14.5 6 45 24 5.5 42 15.56 60 25.5 78 356.5 96 455 114
-14.0 7 -4.0 25 6.0 43 16.0 61 26.0 79 36.0 97 46.0 115
-13.6 8 -3.6 26 6.5 44 16.5 62 26.5 80 36.5 98 46.5 116
-13.0 9 -3.0 27 7.0 45 17.0 63 27.0 81 37.0 929 47.0 17
-12.5 10 -2.5 28 7.5 46 175 64 275 82 375 100 475 118
-12.0 * 10 20 * 28 8.0 * 46 18.0 * 64 280 * 82 38.0 * 100 480 * 118
-11.5 11 -1.6 29 8.6 47 18.5 65 28.5 83 38.5 101 48.5 119
-11.0 12 -1.0 30 9.0 48 19.0 66 29.0 84 39.0 102 49.0 120
-10.5 13 -0.5 31 9.5 49 19.5 67 29.5 85 39.6 103 495 121

For temperature conversions beyond the limits of the table, use the equation C = 0.56556 (F - 32) and F = (1.8)(°C)
+ 32. The formulae say, in effect, that from the freezing point of water {0°C, 32°F) the temperature in °C rises (or
falls) 5° for every rise {or fall) of 9°F.

Sources of data

Climatologic data.—Most of the data herein are from publications of the U.S. Weather
Bureau (no date, 1951-66, 1957, 1965} and corresponding publications in recent years by the U.S.
Environmental Science Services Administration (1967-69, 1968). The U.S. Geological Survey in
cooperation with the Weather Bureau maintained several additional evaporation and precipitation
stations during the study period, 1964-68. These data are published in annual basic-data releases
(lorns and others, 1966a, 1966b; Hely and others, 1967-69). Several unpublished, partial records
of precipitation are in files of the Weather Bureau and the Geological Survey.
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Surface-water data.—Compilation reports by the U.S. Geological Survey (1960, 1963)
contain records of monthly discharge at the principal streamflow stations from the beginning of
record to 1960. Records of daily discharge for some of the same stations are contained in the
Geological Survey's annual series on surface water (U.S. Geol. Survey, 1914-60, 1961-64
1965-68). Basic-data releases {lorns and others, 1966a, 1966b; Hely and others, 1967-69) contain
most of the data for 1964-68 used herein, including records for several temporary stations.
Records of monthly flow of Red Butte Creek at Fort Douglas, 1942-62, are in files of the Post
Engineer, Corps of Engineers, U.S. Army, and the U.S. Geological Survey.

During the period 1964-68, the Geological Survey participated in the operation of Salt
Lake City’s stations on the Wasatch streams at the canyon mouths and developed its own
stage-discharge relations. Consequently, some of the records published by the Geological Survey
differ somewhat from those in the city’s files.

Annual reports of the Utah Lake and Jordan River Water Commissioner (Lofgren,
1934-35: Gardner, 1936-69) contain records of Utah Lake levels and evaporation and of
diversions from Jordan River above 9400 South Street. These reports include summaries with
data since 1900.

Records of flow in two tributaries to Mountain Dell Reservoir on Parleys Creek and
gage-height records for Big Cottonwood Creek near a proposed damsite (Argenta) and at 2nd
West Street are in files of the Salt Lake City Water Department. The same files also contain
records of diversion from Big Cottonwood, Little Cottonwood, and Mill Creeks.

Records of deliveries through the Salt Lake City aqueduct are in files of the Metropolitan
Water District of Salt Lake City, and those through the Provo Reservoir Canal are in files of the
Provo River Water Users Association, Provo, Utah. Flow in Kennecott Copper Corp.’s pipeline
from Tooele Valley was computed by the Geological Survey from gage-height records at the
sources furnished by Kennecott Copper Corp.

Water-quality data.—Nearly all the water quality dataused in this report are contained in
basic-data releases by Marine and Price {(1963), lorns and others (1966a, 1966b), and Hely and
others (1967-69). Other sources are acknowledged in the text.

Ground-water data.—Much of the data used herein pertaining to well construction, well
characteristics, drillers’ logs, water levels, and performance tests are from files of the Utah
Division of Water Rights. Other similar data are from well drillers and well owners. These data are
published in basic-data releases (Marine and Price, 1963; lorns and others, 1966a, 1966b; Hely
and others, 1967-69).

Records of most of the water levels measured in observation wells during 1935-65 are in
reports by the U.S. Geological Survey (U.S. Geol. Survey, 1936-40, 1941-57, 1963, 1968).
Basic-data releases {lorns and others, 1966a, 1966b; Hely and others, 1967-69) contain most of
the water-level measurements for 1964-68, including measurements made by the Geological
Survey, Utah Division of Water Rights, and Salt Lake City Water Department.

During the period 1964-68, recording gages were maintained on 29 wells for periods
ranging from 3 months to 5 years. Water levels were measured in about 100 wells at intervals
ranging from 2 weeks to 2 months, and water levels were measured in about 100 other wells
semiannually in February and September. Water levels were measured with a steel tape. Shut-in
pressure heads in flowing wells were measured with a mercury manometer or with a transparent
hose connected tightly to the discharge pipes. A standard lapse of 10 minutes was allowed
between the time that the well was shut in and the time that the pressure was observed.
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Pumpage from irrigation wells equipped with electric motors was determined by
measuring the rate of consumption of electricity while pumping rates were being measured and
then computing the annual pumpage from records of annual consumption. Pumpage from
irrigation wells equipped with internal-combustion engines was determined from the duration of
pumping or from annual fuel consumption.

Pumpage from most public supply and industrial wells, which are equipped with
totalizing meters, was reported by the well owners. Pumpage from other wells was computed
from records of the duration of pumping supplied by the owners. Pumpage from some public
supply and industrial wells was computed by the method used in computing pumpage from
irrigation wells.

The vyields of about 75 selected flowing wells were measured 1 to 25 times a year by
observing the time required to fill a container of known volume. The total yield from all flowing
wells in a township was computed by estimating the average annual rate of discharge of the wells
for which measurements had been made, and applying a modified rate (based on comparative
water levels) to all flowing wells in the township.
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