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Hydrologic Characteristics of the 
Great Salt Lake, Utah: 1847-1986 

By Ted Arnow and Doyle Stephens 

Abstract 

The Great Salt Lake in Utah is a large body of water 
bordered on the west by barren desert and on the east by 
a major metropolitan area. It is the fourth largest terminal 
lake in the world , covering about 2,300 square miles in 
1986. Since its historic low elevation of 4,191.35 feet in 
1963, the lake rose to a new historic high elevation of 
4,21 1.85 feet in 1986. Most of this increase (12.2 feet) 
occurred after 1982. The rise has caused $285 million of 
damage to lakeside industries, transportation, farming, 
and wildlife. Accompanying the rapid rise in lake level has 
been a decrease in salinity-from 28 percent in 1963 to 
about 6 percent in 1986. This has resulted in changes in the 
biota of the lake from obligate halophiles to opportunistic 
forms, such as blue-green algae and, most recently, a 
brackish-water fish. 

INTRODUCTION 

Great Salt Lake is unique among lakes of the Western 
Hemi phere because of its size and salt content. It is a 
terminal lake, with no outlet to the sea (fig. 1)- the fourth 
large t uch lake in the world (Greer, 1977, p. 23) . The size 
of Great Salt Lake varies considerably, depending on its 
urface elevation, which can vary dramatically with cli

matic change . At the elevation of 4,200 feet above sea 
level , the approximate average level (fig. 2) about which 
the lake has fluctuated during historic time (1847-1986), it 
covers about 1, 700 square miles (including evaporation 
pond for mineral recovery) , with a maximum depth of 34 
feet (U.S. Geological Survey , 1974) . At the elevation of 
4,209.25 feet, as shown on the atellite image (pl. 1 ), the 
lake covered about 2,300 square miles. The total area that 
could drain to the lake is in exce s of 35,000 quare miles, 
but thi includes nearly 14,000 square miles of arid land 
we t of the Newfoundland Mountains (fig. 7) , 25 miles 
west of the lake, that are virtually noncontributory. The 
alinity of brine in the lake also has varied considerably, 

both temporally and areally . The brine has contained as 

Manuscript approved fo r publication June 9, 1987. 
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Figure 1. Location of Great Salt Lake. (Adapted from 
Harrison, 1969.) 

much as 28 percent salt, or about eight times more than that 
of ocean water, but when the satellite image was taken in 
1984, the salinity of the main southern part of the lake was 
only about 6 percent. 

Large , rapid changes in the water level of the lake can 
have a profound effect on roads, railroads, recreational 
facilities, wildl ife-management areas , and industrial instal
lations around the lake. Excessive dilution of the brine al o 
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EXPLANATION 

LAKE-LEVEL ELEVATION, IN FEET 

--- 4,211 .85 (historic high, 1986) 

4,200 (average) 

4,191 .35 (historic low, 1963) 

112"30' 

Ogden 

Salt Lake 

City 

0 5 10 MILES 

0 5 10 KILOMETERS 

Figure 2. Area covered by Great Salt Lake at approximate historic high, average, and low water levels. (Adapted 
from Currey, 1980, fig. 2.) 

affects recreation and industry on the lake. The record
breaking rise in the southern part of the lake of 12.2 feet 
between September 18, 1982, and June 3, 1986, coupled 
with the dilution of the main part of the lake to the lowest 
known historical salinity, resulted in severe economic 
impacts on all types of installations and activities in and 
around the lake. 

The purpose of this report is to discuss the changes 
that led to the condition of Great Salt Lake in 1986. The 
changes in lake level and the differences in the chemical and 
biological characteristics of the lake waters are described 
and explained in the following text and illustrations. Parts 
of this report were adapted from previous reports by Arnow 
(1984, 1985) and Stephens (1974). The reader is referred to 
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Gwynn ( 1980) for a more complete treatment of other 
aspects of the lake 

The satellite Image map of Great Salt Lake (pi 1) 
shows a huge body of water bordered on the west by barren 
desert and on the east by a maJOr metropolitan area 
Contrastmg colors on the map also delineate diVISions of the 
lake waters on June 25 and July 2, 1984, and contour hnes 
show the changes m lake outline correspondmg to different 
lake levels m the past 

Differences m coloratiOn of the false-color mfrared 
Imagery m the satelhte Image map are due to phystcal, 
chemtcal, and biological factors Terrestnal vegetation 
appears as bnght red throughout the mountams and as 
well-defmed patches m urban areas Thts coloratiOn repre
sents green vegetation that reflects hght m the near-mfrared 
part of the spectrum The white crests on the htgher 
moun tam peaks rue the remnants of snowpack from the 
seasonal snowfall 

The darker shade of blue m the southern part of Great 
Salt Lake IS due m part to large populatiOns of a blue-green 
alga (Nodulana spumzgena), which has become abundant 
as the sahmty of the lake has decreased When the satellite 
tmagery was made dunng June-July 1984, the southern part 
of the lake had a sahmty of about 6 percent but the northern 
part had a sahmty of about 22 percent A halophilic green 
alga (Dunahella vzrzdzs) wtth dtfferent coloratiOn was com
mon m the southern part pnor to 1982, but by 1984 It was 
more common m 1 he northern part The hghter shades of 
blue m the northeastern, southwestern, and northern areas 
of the lake result from greater reflectiOn m the mfrared part 
of the spectrum by shallow water underlam by hght-colored 
sand 

The green coloratiOn m the shallow-water areas 
southwest of Bngham Ctty (pl 1) ts due m part to turbtdtty 
from blooms of algae m the freshwater that flows mto the 
lake from the Beru Rtver The whtte-outhned structllres at 
an elevatiOn of 4,'205 feet m the same area represent the 
submerged dtkes of the Bear Rtver Mtgratory Btrd Refuge, 
a large facihty flooded by nsmg lake waters durmg 1983 
The red coloratiOn at the extreme northern end of the lake 
and at the northern shore of the refuge represents marsh 
vegetation recently submerged or growmg m brackish 
water By 1984, the nsmg waters of Great Salt Lake had 
damaged 75 percent of the marsh acreage avatlable for 
wtldhfe habttat (Peter Smtth, U S Ftsh and Wtldhfe 
Servtce, oral comrnun , 1985) 

The deep-purple coloratiOn m diked areas m the 
southwestern section of the lake IS the result of a deep-blue 
dye added to evaporatiOn ponds used m mmeral recovery 
The dye enhances absorptiOn of solar radiatiOn and solar 
heatmg of the water, whtch mcreases the rate of evapora
tiOn Addttwnal evaporatiOn ponds that do not contam blue 
dye are vtstble southeast of the purple ponds and also 
northwest of Ogden (pl 1) 

LAKE LEVELS 

The surface level of Great Salt Lake changes contin
uously, pnmartly m response to chmattc factors Man's 
acttvtttes have had a lesser, but stilltmportant, effect on the 
lake level 

The level and volume of the lake reflect a dynamtc 
equthbnum between mflow and evaporation Surface area 
and bnne concentratiOn are the maJor aspects of the lake 
that affect the volume of evaporation Dunng dry years, the 
water level declines, resultmg m a decrease m surface area, 
consequently, the volume of evaporatiOn decreases More
over, as the water level declmes, the bnne generally 
becomes more concentrated, and this also decreases the rate 
of evaporation Dunng wet years, the water level nses, 
resultmg m an mcrease m surface area, consequently, the 
volume of evaporatiOn mcreases As the lake nses, the bnne 
generally becomes less concentrated, and thts also mcreases 
the rate of evaporatiOn 

The water level of the lake has a yearly cycle (fig 3) 
It begms to declme m the spnng or summer when the 
weather IS hot enough that the quantity of water lost by 
evaporatiOn from the lake surface IS greater than the 
combmed mflow from surface streams, ground water, and 
prectpitatton dtrectly on the lake It begms to nse m the 
autumn when the temperature decreases and the quantity of 
water lost by evaporation IS exceeded by the mflow 
Accordmg to past records, the nse can begm any ttme 
between September and December and the declme any time 
between March and July 

Great Salt Lake reaches tts annual peak water level 
between March and July m response to spnng runoff, whtch 
peaks before warm temperatures result m large water loss 
by evaporatiOn Compartson of the percentage of years the 
lake peaked dunng any one month reveals a changmg 
pattern for 1924-86 compared wtth 1876-1923 Because 
the peaks for 1847-1875 and for 9 years between 1877 and 
1902 were estimated, they were excluded from the analysts 

The lake peaked m July m about 38 percent of the 
years from 1876 to 1923 Startmg m 1924, the peaks 
occurred earlier m the year, With peaks m July occurrmg m 
only about 8 percent of the years (See ftg 4 ) This change 
may be due partly to a gradual warmmg of temperatures 
ear her m the year, whtch m tum may mcrease the rate of 
evaporation from the lake to the pomt that water loss 
exceeds water mflow begmnmg m July A companson of 
the average monthly atr temperatures for Apnl, May, June, 
and July recorded near the center of Salt Lake Ctty from 
1875 to 1954 and at Salt Lake City InternatiOnal Atrport, 
about 5 mtles west of the ctty, from 1954 to 1985 ts shown 
m ftgure 5 Stattsttcal testmg for trends m temperature by 
use of Damel' s test (Conover, 1971, p 251) tdenttfied a 
stgmficant upward trend (95-percent conftdence level) m 
the July data Companson of the 1875-1923 and the 
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Figure 6. Cumulative departure of average monthly air temperatures from the 112-year average monthly air 
temperatures at Salt Lake City, April, May, June, and July, 1875-1986. 

1924-86 temperatures for July by use of a t-test on mean 
temperatures indicated that the mean of 75.8 °F for 
1875-1923 was significantly smaller (95-percent confi
dence level) than the 1924-86 mean of 77.9 op. 

The cumulative departure of the average monthly air 
temperatures for April, May, June, and July from the 
corresponding, long-term (112-year) average for each 
month is shown in figure 6. In general, average monthly 
temperatures for April through July were less than the 
long-term average for corresponding months from 1875 to 
about 1920 but were more from 1920 to 1986. This trend is 
most apparent for July, a month that typically has less 
year-to-year fluctuation in temperature than April-June 
(fig. 5). 

In addition to variation in air temperature, many other 
factors may be responsible for the changing pattern of the 
time at which the lake peaks. Some of these factors are 
1. Changes in diversions from tributary streams. 
2. Changes in the management of water levels at Bear Lake 

(fig. 7). 
3. Changes in diversions from Great Salt Lake into evap

oration ponds. 
4. Effects of the railroad causeway. 

5. Deposition or solution of salt in the lake. 
6. Water level of the lake in relation to its volume. 

Prehistoric 

Great Salt Lake is a remnant of a much larger water 
body-Lake Bonneville-which had a maximum depth of 
about 1,000 feet and covered about 20,000 square miles in 
Utah, Nevada, and Idaho (fig. 7) during the latter part of the 
Pleistocene Epoch. Spencer and others (1984, p. 332) stated 
that Lake Bonneville began to form about 32,000 years 
before present (B.P.). It rose in a series of three major teps 
to reach the freshest water conditions and the highest 
elevation of approximately 5,200 feet about 17,000 years 
before present. The lake then overflowed near Red Rock 
Pass (Malde, 1968, p. 9) into the Snake River drainage 
system and thence eventually to the Pacific Ocean. The 
elevations of various stands of Lake Bonneville are vividly 
marked by benches that were cut into hillsides throughout 
the lake basin. According to Spencer and others (1984, p. 
332), the lake declined to below historic levels from about 
14,500 to 12,700 years before present, and "for the past 
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fig. 5.) 

8,000 years , with the exception of two stands between 
1,290 and 1,295 m [4,230 and 4 ,250 feet] around 2,300 and 
3,500 yr B.P. , the lake has fluctuated near its present 
elevation of 1,280 m [4 ,200 feet]. " 

Historic 

The earliest known measurement of the surface level 
of Great Salt Lake was made by John C. Fremont during 
1843 (Miller, 1980, p. 3). Fremont reported that the lake 
was "4,200 feet above the sea"; based on the assumption 
that he took careful readings with several barometers, his 
determination could be accurate to within 1 foot. 

No measurements are available for 1844-74, but 
Gilbert (1890, p. 240-241) estimated lake levels for 
1847-74 on the basis of reported observations of the depth 
of water over the sandbars between the mainland and 
Antelope and Stansbury Islands (fig. 8). That information 
was obtained by Gilbert around 1877 from stockmen who 

had ridden horses across the bars to reach the islands. 
Gilbert related their oral reports to later measurements by 
determining the elevations of the Antelope and Stansbury 
Island bars, making soundings on the Antelope Island bar, 
and relating the water levels there to gage readings near 
Black Rock and Farmington (fig. 8). Considering the 
reliance on memory of long-past events, the lake water 
levels for 1847-74, which are shown by a dashed line in 
figure 3, probably should be considered accurate only to 
within 1 foot. 

From 1875 to 1938 , the lake level was measured 
periodically at staff gages at six different sites by many 
different individuals and organizations (fig. 8) . The meas
urement interval was variable, ranging from weekly to 
monthly. As a result, there are major gaps in the record 
(shown as dashed lines in figure 3). The lake level has been 
measured continuously by an automatic recorder operated 
by the U.S. Geological Survey, in cooperation with the 
Utah Division of Water Rights, at the Saltair Beach Boat 
Harbor since 1939 and at Saline since 1966. 
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The followmg dtscusston of lake-level changes ts 
dtvtded mto two ttme penods The ftrst ts from 1847 to 
1982, when annual lake fluctuatiOns averaged only about 
1 5 feet over a range of 20 feet The second ts from 1982 to 
1986, when the lake rose an unprecedented 9 6 feet m the 
ftrst 2 years and rose a total of 12 2 feet m 4 years 

1847-1982 

Durmg 1847, when the Mormon piOneers arrtved m 
Utah, the surface of Great Salt Lake was at about 4,200 feet 
(ftg 3) The lake had nsen about 4 feet by 1855 but then 
declmed agam to 4,200 feet by 1860 From 1862 to 1873 
the lake rose about 12 feet, reachmg a htstonc htgh of about 
4,211 5 feet At thts level, the lake covered about 2,300 
square mtles (See figure 2 and the 4,212-foot contour on 
the satellite tmage map (pl 1) ) 

The raptd nse of the lake durmg 1862-73, as well as 
the contmued htgh levels of the lake for several years after 
1873, was of constderable concern to the settlers m Salt 
Lake Ctty They feared that the ctty and adJacent farmlands 
mtght be flooded tf the lake contmued to nse In the hope of 
avmdmg such a calamtty, on September 8, 1876, "a party of 
gentlemen, accompamed by a surveyor, left for the north
west shore of the Salt Lake, wtth a vtew to determmmg the 
feastbtlity of cuttmg an outlet for the waters m that 
dtrectwn, and thereby greatly reducmg the body of waters 
of the Lake" (Latter-Day Saznts' Mzllemal Star, October 9, 
1876) "They coasted the west shore to the extreme north
west, a dtstance of forty mtles, fmdmg no pomt where an 
outlet was posstble, there bemg an average mclme of the 
desert, from the present water line, of four to stx mches to 
the mtle" (Latter-Day Saznts' Mzllemal Star, October 16, 
1876) The decline of the lake dunng the followmg years 
ended the concern at that ttme 

Dunng the 31 years after the htstonc htgh level of 
1873, the lake declmed almost 16 feet, and m November 
1905 tt was at a then-htstonc low level of 4, 195 8 feet The 
declme from 1873 to 1905 was at a fatrly umform rate, 
except for 1884-1886, when the lake level rose 4 2 feet 
(ftg 3) 

From 1906 to 1910, the lake level rose almost 7 
feet-the steepest nse dunng a 5-year penod smce the 
begmmng of record keepmg Dunng the next 14 years, the 
lake rose an addtttonal foot to peak at 4,205 1 feet m May 
1924 The lake level gradually declined to a low of 4, 193 7 
feet m November 1940 and then rose agam to a peak of 
4,200 95 feet m June 1952 Thts was followed by another 
lengthy penod of dechne, and by October 1963 the lake had 
reached an all-ttme htstonc low level of 4,191 35 feet (ftg 
3) At that level, the lake covered only about 950 square 
mtles (See ftg 2 ) 

The overall trend from about 1873 to 1963 had been 
dechnmg lake levels, and many people thought the lake 
would become dry As a result, ratlroads, mterstate htgh-

ways and other roads, Wildfowl-management areas, recre
atiOnal facthttes, and mdustnal mstallatwns for the process
mg of lake bnne were established on the exposed lakebed 
In 1964, however, the lake began to nse agam, and by June 
1976 It had nsen about 11 feet, to 4,202 25 feet Agam, 
concern arose about potential floodmg of facilities and 
mstallatwns around the lake, and studies were made of the 
feastbihty of pumpmg water out of the lake to the west mto 
the desert Dunng 1977, however, the lake began to dechne 
because of unusually small snowfall durmg the precedmg 
wmter, endmg the concern at the time 

On September 18, 1982, the lake surface was at 
4, 199 65 feet, approximately the same leveltt had been 135 
years earher when the piOneers amved Thus, the lake had 
fluctuated between 4,191 35 and about 4,211 5 feet but had 
shown no apparent net water-level change The maJor 
fluctuatiOns of the lake surface generally reflected fluctua
tiOns of prectpitatwn as represented by the record for Salt 
Lake City, whtch began m 1874 (see ftg 9) 

It ts mterestmg to note that many of the penods of 
marked nse of lake level began after a maJor volcamc 
eruptiOn The nse of 1884-86 followed the eruptiOn of 
Krakatau, lndonesta, dunng August 1883 That was one of 
the largest known explostve eruptiOns m htstonc ttme, wtth 
a Volcamc Explostvtty Index of 6 (Ttlhng, 1984, p 30) 
Eruptions that are destgnated by a Volcamc Explosivtty 
Index of 5 or greater are considered "very large" eruptions, 
and they occur worldwide on the average of about once 
every 20 years The eruptiOn of Krakatau resulted m 
eJeCtiOn mto the atmosphere of about 4 4 cubtc mtles of ash 
(Ttllmg, 1984, p 29) The large volume of Krakataun 
aerosol ash m the atmosphere may have resulted m a 
decrease m solar radtatwn, whtch could have caused a 
decrease m evaporatiOn or an mcrease m prectpttatwn Thts 
m tum would have resulted m a nse m lake level The steep 
nse of 1907-10 followed the eruption of Ksudach, Kam
chatka, dunng March 1907 That eruption had a Volcamc 
Explostvtty Index of 5 (Newhall and Self, 1982, p 1237) 
The nse of 1964-76 followed the eruptiOn of Gunung 
Agung, Bah, dunng March 1963 Although that eruptiOn 
had a Volcamc Explostvtty Index of only 4, tt emplaced a 
long-lastmg aerosol cloud composed mamly of droplets of 
sulfunc actd m the stratosphere It was constdered to be 
"among the most tmportant volcamc events of the twentieth 
century, pnmarily because of tts posstble effects on global 
chmate" (Rampmo and Self, 1984b, p 677) 

These three volcamc eruptiOns may have had a 
worldwtde mfluence on chmate, constdermg also thetr 
effect on the water level of another term mal lake, the Dead 
Seam Israel-Jordan The Dead Sea rose markedly m 1884, 
1907, and 1964 (Sauer, 1978, p 17) It should be empha
sized, however, that other nses of the level of Great Salt 
Lake cannot be correlated wtth known maJor eruptiOns 

Lake Levels 9 
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Figure 9. Cumulat1ve departure from average annual prec1p1tat1on of 15 79 mches at Salt Lake City recordmg s1tes 
(downtown and a1rport), 1875-1986, compared w1th annual peak water levels of Great Salt Lake 

1982-1986 

The lake began to nse on September 18, 1982, m 
response to a senes of storms earher m the month On 
September 26, dunng a record-breakmg storm, 2 27 mches 
of ram was recorded at Salt Lake City InternatiOnal Airport, 
the maximum precipitatiOn ever measured for 1 day dunng 
the 108 years for which records have been kept for the City 
PrecipitatiOn of 7 04 mches for the month made It the 
wettest September on record for the City Total precipitatiOn 
at Salt Lake City dunng 1982 was 22 86 mches, compared 
With an average annual of 15 75 mches 

The unusually mtense ramfall resulted m unseason
ably large mflow to Great Salt Lake, from precipitatiOn 
directly on the lake and from tnbutary surface streams (fig 
10) The peak flow m the Jordan River on September 27, 
1982, was 2,795 cubic feet per second, or about 20,900 
gallons per second, the maximum dunng 40 years of record 
keepmg The large flows m the Jordan River, resultmg from 
greater than average precipitatiOn and from contmuous 
overflow from Utah Lake (fig 7), contmued for the 
remamder of the year The flow m the Jordan River from 
October to December was 3 8 times greater than average 
Dunng the same penod, the flows m the Bear and Weber 
Rivers were 2 0 and 2 7 times greater than average Great 

Salt Lake contmued to nse rapidly throughout autumn m 
response to the large surface mflow and the concurrent 
relatively cool weather and extensive cloud cover, which 
decreased evaporative loss of water from the lake 

The snowfall m the dramage basm of Great Salt Lake 
from autumn of 1982 through the followmg spnng was 
much greater than average, providmg the potential for 
enormous quantities of water to enter the lake The maxi
mum reported snowfall was 845 mches at Alta, about 20 
miles southeast of Salt Lake City (Salt Lake Tnbune, July 
7, 1983) The snow cover on June 1, 1983, ranged from 
about 2 4 to 3 4 limes greater than average m the Bear River 
basm, from about 4 2 to 5 2 times greater than average m 
the Weber River basm, and from about 3 7 to 5 2 times 
greater than average m the Jordan-Provo River basm 
(Whaley, 1983, p 7-11) 

The lake eontmued to nse throughout the wmter of 
1982-83-a normal annual occurrence The weather 
remamed unseasonably cool throughout most of the spnng 
of 1983, howevt!r, so the lake lost relatively httle water by 
evaporatiOn and contmued Its steady nse 

Snowmelt dunng 1983 began about a month later 
than usual, and the water content of the snow mcreased until 
mid-May Sml mOisture m the dramage basm was consid-
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Figure 10. Drainage basin of Great Salt Lake. (Adapted from Hahl and Langford, 1964, fig. 2.) 

erably greater than average, thus diminishing the potential 
for water to infiltrate the ground. The major snowmelt 
began at the end of May, during a heat wave on Memorial 
Day weekend, and record-breaking quantities of water 
flowed into the lake from many tributary streams. The 

discharge of the Bear River peaked at 9,770 cubic feet per 
second on June 4, 1983, considerably greater than its 
previously recorded peak of 7,880 cubic feet per second 
during 1980. The Jordan River peaked at 3,350 cubic feet 
per second on June 12, 1983, which was greater than the 
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recent record flow of the previOus September The Weber 
River peaked at 7,250 cubic feet per second on June 2, 
1983, the third greatest flow m 78 years of record keepmg 
From January to May 1983, the flows m the Bear, Jordan, 
and Weber Rivers were about 1 7, 3 6, and 1 6 times, 
respectively, greater than average Inflow to Great Salt 
Lake from the three nvers dunng October 1982 through 
May 1983 IS compared with average mflow m figure 11 

In additiOn to the mflow from the tnbutary streams, 
Great Salt Lake received substantial mflow from the nor
mally dry de'3ert area to the west Larry Sower (Great Salt 
Lake Mmerals and Chemicals Corp , wntten commun , 
1984) estimated that mflow from the desert area was 
300,000 acre-feet dunng 1982-83 

The large streamflows contmued for many weeks, 
and the lake level contmued to nse until June 30, 1983, 
when losses by evaporation fmally exceeded mflow and the 
lake level peaked at 4,204 75 feet The nse from September 
18, 1982, until June 30, 1983, was 5 1 feet, which IS the 
greatest seasonal nse ever recorded This represents a net 
mcrease m the volume of the lake of about 6 mtlhon 
acre-feet That quantity of water IS eqmvalent to what might 
be used by about 36 mtlhon people (with an average datly 
per capita consumptiOn of 150 gallons) m 1 year, or by 1 5 
mtlhon people (the entire populatiOn of Utah) m 24 years 
The previOus largest seasonal nse known was 3 4 feet 
dunng 1906--07 

Durmg the summer of 1983, precipitatiOn was greater 
than average and evaporation was relatively -small because 
of greater than usual cloud cover These conditions resulted 
m an unusually small decline m lake level dunng the 
summer By September 25, 1983, when the seasonal nse 
began, the level of the southern part of the lake had dechned 
only 0 5 foot The excessive precipitatiOn contmued 
throughout fall and culmmated m the wettest December 
ever recorded at Salt Lake City By New Year's Day, Salt 
Lake City had received 24 26 mches of precipitatiOn durmg 
calendar year 1983, about 1 5 times the average 

The cumulative precipitatiOn from January to June 
1984 also was greater than average Much of the precipita
tion fell m the form of snow on the mountams m the 
dramage basm The snowmelt began soon after May 1 , at 
which time the water content of the snow cover ranged from 
about 1 2 to 1 5 times greater than the average for May 1 m 
the Bear River basm, was about 1 5 times the average m the 
Weber River basm, and ranged from about 1 3 to 1 8 times 
the average m the Jordan-Provo River basm (Whaley, 1984, 
p 9-13) 

The lake rose steadily from October 1983 through 
June 1984, pnmartly m response to the surface mflow that 
resulted from the excessive precipitatiOn PrecipitatiOn at 
Salt Lake City InternatiOnal Airport was about 1 4 times the 
average for the 9-month penod, and the resultant mflow 
from the three maJor surface tnbutaries to the lake dunng 
that penod greatly exceeded their average flows for this 

9-month penod the Bear River flow was 2 7 times greater 
(3 12 mtlhon acte-feet), the Weber River flow was 2 1 
times greater (923,000 acre-feet), and the Jordan River flow 
was 5 2 times greater (1 23 million acre-feet) The flow m 
the Bear River dunng water year 1984 was the greatest 
measured dunng 95 years of record, and the flow durmg 
water year 1983 was the second greatest on record Similar 
record-breakmg flows, based on the past 35 years of 
records, were measured for the Weber and Jordan Rivers 
dunng water yeats 1983 and 1984 

When the lake level peaked on July 1, 1984, It was at 
an elevatiOn of 4,209 25 feet and the lake covered an area 
of about 2,300 square miles, mcludmg evaporation ponds 
for mmeral recovery (pi 1) Because of the shape of the 
lakebed, more w.tter IS needed to raise the level of the lake 
each additiOnal foot as the water level nses Thus, the 
5 0-foot nse from September 25, 1983, to July 1, 1984, 
mvolved about 1 •; percent more water than did the 5 1-foot 
nse from September 18, 1982, to June 30, 1983 When the 
lake peaked on July 1, 1984, the net mcrease m volume 
represented by the 9 6-foot nse smce September 18, 1982, 
was about 12 million acre-feet (an mcrease of about 80 
percent), and the mcrease m area was about 600 square 
miles (an mcrease of about 35 percent) The previOus 
recorded maximum net nse durmg a 2-year penod was 4 75 
feet from 1970 to 1972 

The Utah legislature had passed a law m 1979 makmg 
the Utah Department of Natural Resources responsible for 
managmg the lake so as to mamtam the water level below 
the elevatiOn of 4,202 feet The excessive precipitatiOn 
dunng 1982-83 prevented achievement of that goal, but 
dunng 1983, the Utah Division of Water Resources (1984) 
began studies to consider variOus methods of controllmg the 
level of the lake The three methods that seemed to have the 
most ment were (1) pumpmg water out of the lake mto the 
desert to the west, (2) Impoundmg water m Bear River for 
diversiOns that would decrease mflow to the lake, and (3) 
breachmg the railroad causeway (fig 8), thereby causmg a 
decrease of water level m the southern part of the lake, 
where most of the damage was occumng 

The first two methods would mvolve extensive con
structiOn and considerable delay before effects on the water 
level of the lake would be achieved The third method 
promised relatively qmck rehef, and It was approved by the 
Utah legislature dunng 1984 A 300-foot-wide openmg at 
the western end of the causeway was completed on August 
3, 1984, at a total cost to the State of $3 million (fig 12) 
The effect of the breach on the lake level IS discussed m the 
sectiOn "Railroad Causeway " 

The lake started to declme on July 1, 1984, and It 
reached a seasonal low of 4,207 85 feet on October 1, 
1984 It then rose to 4,209 95 on May 21, 1985, the highest 
level smce 1877 (fig 3) PrecipitatiOn at Salt Lake City 
InternatiOnal Airport dunng 1984 was 21 55 mches, the 
third successive year m which the precipitatiOn exceeded 
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Figure 12. A 300-foot breach in the Southern Pacific Transportation Company causeway 
which was constructed to reduce the level of the southern part of Great Salt Lake. View 
to the northwest on June 19, 1986. 

the average by more than 35 percent. The overall rise of the 
lake of 0. 7 foot from July 1, 1984, to May 21, 1985, 
corresponded to greater than average precipitation of more 
than 22 percent during the same period. 

Between May 21 and November 1, 1985, the lake 
declined 1. 6 feet, primarily because of evaporation during a 
warm, dry summer. June 1985 was the fifth warmest June 
on record, July 1985 was the second warmest July on 
record, and August 1985 was the second driest August on 
record. The lake then began to rise during the wettest and 
snowiest November on record, when more than 27 inches of 
snow fell at Salt Lake City International Airport. January 
through March 1986 was characterized by unusually warm 
temperatures and less than average precipitation. On Feb
ruary 19, the lake rose an unprecedented 1.5-2 inches in 
response to a week of storms in northern Utah. A 1.5-inch 
rise represents a 1-day inflow of about 38 billion gallons, or 
about 7.5 gallons for every person on Earth. By April 1, 
1986, the lake level was 4,210.50 feet, a rise of more than 
2 feet during the winter. April precipitation exceeded 150 
percent of normal over most of northern Utah, and both 
April and May were the third wettest on record at Salt Lake 
City International Airport. On May 12, 1986, the lake 
reached 4,211.65 feet, which surpassed the recognized 
historical peak of about 4,211.5 feet during 1873. By the 
end of May, the water content of the snowpack in the major 

drainage basins of Great Salt Lake ranged from 144 to 264 
percent of normal. 

The lake continued to rise during the first week of 
June 1986 in response to record inflows of water from the 
Bear, Weber, and Jordan Rivers. Inflow to the lake from 
October through May 1986 was 4 million acre-feet, nearly 
equaling the 1983-84 record of 4 .5 million acre-feet during 
the equivalent time period. On June 3, 1986, the lake 
peaked at 4,211.85 feet. The net increase since the 1985 
peak was greater than 2.6 million acre-feet. The 30 million 
acre-feet of water in the lake on June 6 was about equal to 
the combined usable storage of Lake Powell and Flaming 
Gorge and Strawberry Reservoirs in southern and central 
Utah, and if spread evenly over the State would cover it to 
a depth of 6. 5 inches. 

The 1986 peak elevation was short lived, however, as 
winds developed 5-foot waves on the lake on June 7, 
causing a breach in the outer dike of the AMAX Magnesium 
Corporation facility at the southwestern end of the lake (the 
light-blue area on pl. 1). By June 10, the water level in the 
southern part of the lake had declined 5 inches. This 
represents an estimated volume of 370,000 acre-feet of 
water that flowed from the lake into the previously isolated 
brine ponds. 

The increase in the lake's surface area from 1982 to 
1986 resulted in extensive damage to roads, railroads, 
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wildfowl-management areas, recreational facilities, and 
industrial installations that had been established on the 
exposed lakebed (figs. 13-17). The capital damage at these 
facilities as the lake rose more than 12 feet was approxi
mately $285 million (L. Douglas James, Utah Water 
Re earch Lab, Logan, oral commun., 1986). This eco
nomic lo s prompted the Utah legislature to appropriate 
$71.7 million on May 14, 1986, for dikes and pumps 
designed to contain the lake and decrease its volume. Water 
would be pumped from near the western end of the Southern 
Pacific Transportation Company causeway over a land ridge 
and then allowed to flow into the western desert, thus 
creating a new lake of about 500 square miles with an 
average depth of 2.5 feet. Evaporation would decrease the 
water volume, and the concentrated brine would then be 
recycled back into Great Salt Lake. 

The net rise of the lake from September 18, 1982, to 
June 3, 1986, wa 12.2 feet. By comparison, the previously 
recorded maximum net ri e during a 4-year period was 6.8 
feet during 1906-10. Again, it is interesting to note that the 
record ri e of 1982-86 was preceded in March and April 
1982 by a major volcanic eruption, at El Chich6n in 
Mexico. That eruption had a Volcanic Explosivity Index of 
only 4, but it emplaced a long-lasting aerosol cloud of about 
2X 1013 grams of sulfuric acid (Rampino and Self, 1984b, 
p. 678) in the strato phere. It "was the densest cloud seen in 
the Northern Hemi phere since the eruption of Krakatau in 
Indonesia in 1883," and the "sulfuric acid droplets will take 
several years to settle out completely" (Rampino and Self, 

Figure 13. Entrance to Antelope Island causeway, looking 
west, with the lake water level at 4,209.15 feet on june 16, 
1984. Note center line of the causeway showing through 
the water. The causeway was completed in 1968 when the 
lake water level was at 4,195 feet. 

1984a, p. 48). The eruption-induced decrease in solar 
radiation could have resulted in a decrease of evaporation 
or in an increase of precipitation, or both, which in turn 
would have contributed to a rise of lake level. In fact, 

Figure 14. Bear River Migratory Bird Refuge first flooded in 1983 and still under water 
on june 19, 1986. 
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Figure 15. New Saltair, a large dance and recreation pavilion, August 2, 1983, shortly 
after completion. The water level of Great Salt Lake was 4,204.45 feet. The pond in the 
foreground is for children's paddle boats. (Photograph by Paul A. Sturm, Utah 
Geological and Mineral Survey.) 

Figure 16. New Saltair on June 19, 1986, as the water level of Great Salt Lake reached 
4,211.55 feet. 
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Figure 17. The Davis County North wastewater treatment plant, which required 
extensive diking to prevent inundation by rising lake waters. Photographed on June 19, 
1986, when the lake level was 4,211.55 feet. (Photograph by Conrad Keyes, Jr., Rio 
Grande Compact Commission.) 

pan-evaporation data for the Saltair Salt Plant, 7 miles 
northea t of the Saltair Beach Boat Harbor (fig. 8), indicate 
that the 1982-85 evaporation was only 72-84 percent of the 
long-term (1931-70) average for June-September. Also, the 
average annual precipitation during 1982-85 was 21.41 
inches, or 39 percent greater than during 1875-1981. 

Effects of Man's Activities 

Consumptive Use 

Diversion of water for irrigation, public supply, and 
other u es and impoundment of water in large, open 
re ervoir have led to a steady increase of consumptive use 
in the drainage ba in of Great Salt Lake since 1847. 
Whitaker (1971) described the effect of consumptive use on 
the level of the lake, as shown in figure 18. The difference 
between the measured level and the level adjusted for 
consumptive use reached a maximum of about 5 feet around 
1925 and remained relatively constant until 1965. No major 
water project have been constructed in the basin since 
1965, and the difference is assumed to have been about the 
same from 1965 to 1982. Thus, the lake surface is assumed 
to have been about 5 feet lower in 1982 than it would have 

been had man not increased the evapotranspiration of water 
by impounding it in reservoirs and marshes upstream from 
the lake and diverting it for irrigation and other uses. 

The actual difference between the measured water 
level and the level adjusted for consumptive use in 1986 
would have been less than 5 feet because of the relation 
between the level and volume of the lake (fig. 19). The 
volume of the lake at 4 ,212 feet is about twice as great as it 

Figure 18. Effects of consumptive use of water result
ing from man's activities on measured water levels of 
Great Salt Lake, 1850-1965. "Adjusted" line shows 
where lake level would have been had man not 
diverted and impounded water in the drainage basin. 
(Adapted from Whitaker, 1971, fig. 3.) 
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is at 4,200 feet; therefore, excluding increased evaporative 
los es due to the increased surface area, the difference in 
lake level in 1986 due to consumptive use probably was 
about 2.5 feet. 

Railroad Causeway 

The Southern Pacific Transportation Company during 
1902-03 constructed 20 mile of railroad track across the 
lake from the south end of the Promontory Mountains to 
Lakeside (fig. 8). At each end of the stretch, the track was 
laid on olid-fill causeway , but a central 12-mile section 
was upported by an open wooden trestle, which allowed 
free movement of the brine. During 1957-59, the open 
trestle was bypassed by a solid-fill section which was 
constructed mostly of gravel and sand capped with boulder
sized riprap. It is breached by two box culverts, each 15 feet 
wide (fig. 20). The causeway separates the lake into two 
part : about two-third of the lake is south of the causeway, 
and about one-third is north of the causeway. Although the 
causeway is permeable , it restricts the movement of brine. 

The outhern part of the lake receives most of the 
freshwater inflow, whereas the northern part receives most 
of its water in the form of brine that moves through the 
culverts and causeway from the southern part of the lake. 
These factors, in conjunction with restriction of flow by the 
causeway, have caused differences in salinity and in water 
levels between the two parts of the lake. The differences 
increased steadily throughout the 1960's. Since 1966, when 

A 

8 

Figure 20. Flow through the culverts in the railroad 
causeway at different lake water levels. A, Boat entering 
culvert; view to north. (Photograph from files of Utah 
Geological and Mineral Survey dated "1962-63" ; thus , 
elevation of the southern part of the lake was between 
4,191.35 and 4,193.85 feet.) 8, Submerged culvert on June 
15, 1983, when elevation of southern part of the lake was 
4,204.75 feet; view to south. (Photograph by Elmer Ger
hart, U .S. Geological Survey (deceased).) 

measurements of the water level were begun in the northern 
part of the lake, the water level in the southern part has been 
consistently higher, reaching a maximum difference of 3. 7 
feet on July 1, 1984 (fig. 3). The difference in water levels 
also varies seasonally, with the minimum generally occur
ring during fall and the maximum generally occurring 
during late spring . 

The causeway was breached with a 300-foot-wide 
opening on August 3, 1984, to provide flood relief to areas 
along the shore of the southern part of the lake. Within 2 
months, the difference in water levels across the causeway 
had decreased to 0.75 foot, and within 1 year it had 
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Figure 21. Railroad cars used as a breakwater to protect the Southern 
Pacific Transportation Company causeway across Great Salt Lake; view to 
east on September 16, 1983. (Photograph by Elmer Gerhart, U.S . Geological 
Survey (deceased).) 

decreased to 0 . 5 foot. The difference is not expected to 
decrea e further unless the breach is widened. According to 
Waddell and Bolke (1973 , p. 10), complete equalization 
would require an opening greater than 750 feet. 

Since 1982, when the lake began its monumental rise, 
the Southern Pacific Transportation Company has continu
ally rai ed its railroad roadbed to prevent its destruction. 
Scrap railway cars have been filled with rock quarried 
nearby and transported to the causeway , where they are 
used a riprap (fig. 21) . Despite these efforts , however , 
torm-to sed wave occasionally force clo ure of the tracks, 

as on June 8, 1986, shown in figure 22 . 

WATER BUDGET 

The level of Great Salt Lake indicates an equilibrium 
between inflow to the lake from surface streams, ground 
water , and direct precipitation and outflow by evaporation. 
During dry year , the water level declines, causing a 
decrea e in surface area; consequently, the volume of 
evaporation decrea e . As the lake declines , the brine 
generally become more concentrated , also decreasing the 
rate of evaporation. During wet years , the water level rises , 
causing an increa e in surface area; consequently , the 
volume of evaporation increases. As the lake rises, the brine 
genera1ly becomes less concentrated, also increasing the 
rate of evaporation. 

Less inflow is required to raise the lake level when 
the lake level is low than when it is high. For example , at 
the 1963 historic low level of 4 ,191.35 feet , a net increase 
in inflow of about 600 ,000 acre-feet was necessary to raise 
the lake level 1 foot. At the 1986 historic high level of 
4 ,211.85 feet , however, a net increase in inflow of about 
1.5 million acre-feet would have been necessary to raise the 
lake level 1 foot. (See fig. 19.) 

The relation of inflow , outflow, and change of water 
level can be shown in a water budget for the lake. For any 
given time, the water budget can be written as 

Inflow = Outflow±Storage change 
The inflow comes from surface water that flows into the 
lake , from ground water that moves upward through the 
bottom of the lake, and from precipitation that falls on the 
lake surface. The outflow is entirely by evaporation. The 
storage change is the difference in the volume of the lake 
during the selected time period. Values for the elements of 
the water budget for 1931-76 are discussed in the following 
pages. Most of the discussion is based on the results of 
computer-model studies by Waddell and Field (1977) and 
Waddell and Barton (1980). 

Inflow 

Streams contribute about 66 percent of the average 
annual inflow to Great Salt Lake, precipitation about 31 
percent , and ground water about 3 percent (fig. 23). Total 
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Figure 22. A section of the Southern Pacific Transportation Company causeway near 
Lakeside which was damaged and partly submerged during a storm on june 8, 1986; 
view to northeast on june 19, 1986. 

annual inflow during 1931-76 ranged from about 1.3 
(1961) to 5.0 (1971) million acre-feet and averaged about 
2. 9 million acre-feet. The annual distribution of inflow 
from all sources for 1931-76 is shown in figure 24. 

Streams 

Approximately 92 percent of the average annual 
surface-water inflow to Great Salt Lake is from three 
drainage systems: the Bear (59 percent) , Weber (20 per
cent) , and Jordan (13 percent) Rivers . The U.S. Geological 

Figure 23. Sources of inflow to Great Salt Lake. 

Survey has operated gaging stations on the main stems of 
these streams upstream from the lake for many years. 
During 1971-76, records were obtained at numerous gaging 
stations near the lakeshore in the three drainage basins. 
Streamflow to the lake during 1931-76 was estimated by 
correlation of the short-term records obtained near the 
lakeshore with the long-term records obtained farther 
upstream. The location of each gaging station is shown in 
figure 25 , and the period of record at each station is shown 
in table 1. 

An additional 5 percent of the surface-water inflow to 
the lake is from 10 tributaries on the east and south shores. 
Measurements at stations on these tributaries for varying 
periods during 1950-76 were used as a basis for estimating 
inflow during 1931-7 6. These stations also are shown in 
figure 25 and are listed in table 1. Surface-water inflow 
from the remainder of the lakeshore is negligible. 

Approximately 3 percent of the surface-water inflow 
to Great Salt Lake is from sewage-treatment plants. These 
discharge their effluent directly into Farmington Bay, east 
of Antelope Island. 

Total annual surface-water inflow from all sources 
during 1931-76 ranged from about 700,000 (1934) to 3.8 
million (1971) acre-feet and averaged about 1.9 million 
acre-feet. 

Precipitation 

Inflow to Great Salt Lake from precipitation directly 
on the lake surface was calculated by using average annual 
precipitation during 1931-76 at each of 68 sites in a large 
area surrounding the lake. A multiple-regression equation 
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Table 1 Penod of gagmg-stat1on records, 1931-76 
[See fig 25 for locatiOn of statiOns] 

Stat1on 
number 

10118000 
10126000 
10127110 

10141000 

10141050 
10141100 
10141150 
10141200 
10141400 

10141500 
10142000 
10142500 
10143000 
10143500 

10144000 
10145000 
10167000 
10167500 
10168500 

10170000 
10170500 
10170700 
10170750 
10170800 
10171000 

10171600 
10172500 
10172600 
10172630 
10172640 

10172650 

Stat1on name 
1931 1935 1940 

Bear R1ver near Collmston 
Bear R1ver near Connne 
Bear River basm outflow across State H1ghway 83 near Connne 

Weber River near Plam City 

South Fork Weber Canal near Hooper 
South Fork Weber R1ver near Hooper 
M1ddle Fork Weber River near Hooper 
North Fork Weber River near Hooper 
Howard Slough at Hooper 

Holmes Creek near Kaysville 
Fanmngton Creek above diversiOns, near Farrnmgton 
Ricks Creek above diversiOns, near Centerville 
Pansh Creek above diversiOns, near Centerville 
Centerville Creek above d1vers1ons, near Centerville 

Stone Creek above diversions, near Bountiful 
M1ll Creek at Mueller Park, near Bountiful 
Jordan River at narrows, near Leh1 
Little Cottonwood Creek near Salt Lake C1ty 
B1g Cottonwood Creek near Salt Lake City 

M1ll Creek near Salt Lake C1ty 
Surplus Canal at Salt Lake City 
North Pomt Consolidated Canal below Goss Flume, at Salt Lake C1ty 
Surplus Canal at North Temple Street, near Salt Lake City 
Surplus Canal at Cohen Flume, near Salt Lake C1ty 
Jordan River at Salt Lake City 

Parleys Creek at SuiCide Rock, near Salt Lake City 
City Creek near Salt Lake C1ty 
Jordan River below Cudahy Lane, near Salt Lake City 
Goggm Dram near Magna 
Lee Creek near Magna 

Kennecott Dram near Magna 
Salt Lake City sewage canal 

~ Records available but not used 

Penod of record 

1945 1950 1955 1960 1965 1970 1975 1976 
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Figure 24. Annual inflow to Great Salt Lake from all sources, 1931-76. (Adapted from Waddell and Barton, 1980, fig. 7.) 
Inflow calibration from the original model not included. (Height of bar is summation of all inflow sources. Each 
individual source is shown only by the size of the colored section.) 

was derived to describe average annual precipitation as a 
function of elevation, latitude, and longitude. Precipitation 
values estimated by the equation were used to construct 
lines of equal average annual precipitation for the lake area. 
Then annual precipitation directly on the lake was computed 
for 1931-76 on the basis of monthly lake-surface areas 
during that period. The estimated annual precipitation on 
the lake during 1931-76 ranged from about 500,000 (1966) 
to 1.5 million (1941) acre-feet and averaged about 900,000 
acre-feet. 

Precipitation that falls on the lakeshore runs into the 
lake and must be considered part of the inflow. The quantity 
is relatively small, however, and was included as a residual 
term, "inflow calibration," by Waddell and Barton (1980, 
p. 20) to balance their water budget for the lake. 

Ground Water 

Ground-water inflow to Great Salt Lake was esti
mated by adding inflow values determined in previous 

investigations for 12 segments of the lakeshore (Arnow and 
Stephens, 1975). The values, in acre-feet per year, were 0 
for Curlew, Sink, and Skull Valleys, the lower Bear River 
basin, and the northern Great Salt Lake Desert (west of 
Great Salt Lake; see fig. 7), 1,000 for Hansel Valley, 3,000 
for Antelope Island and Park Valley, 4,000 for Salt Lake 
County, 7,000 for Tooele Valley, 9,000 for the Promontory 
Mountains, and 48,000 for the area east of Great Salt Lake. 

Total ground-water inflow to the lake was estimated 
to be about 75,000 acre-feet per year. This was assumed to 
be an average annual inflow value for 1931-76. 

Outflow 

Outflow from Great Salt Lake by evaporation from 
the lake surface was calculated primarily on the basis of 
pan-evaporation data from 49 sites in Utah and bordering 
States. Short-term records were extended to the full period 
1931-76 by correlation with a site near Lehi (about 30 miles 
southeast of Great Salt Lake), and seasonal records were 
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Figure 25. Location of railroad causeway and gaging stations used for estimating surface-water 
inflow to Great Salt Lake. (Adapted from Waddell and Barton, 1980, fig. 3.) 

extended to the entire year by use of ratios developed for a 
few sites where complete annual records were available. 
Pan coefficients were applied, and a multiple-regression 
equation based on elevation, latitude, and longitude was 
used to draw lines of annual freshwater evaporation for the 
lake. The volume of freshwater evaporation then was 
corrected for the effect of salinity by applying appropriate 
factors for each part of the lake. 

Estimated annual evaporation from the lake for 
1931-7 6 ranged from about 2.1 million to 3. 9 million 
acre-feet and averaged 2.9 million acre-feet. The latter is 
equivalent to about 45 inches per year for the average lake 
water level of 4, 196 feet during 1931-7 6. 

A small volume of water was withdrawn from Great 
Salt Lake during 1931-67 and evaporated for common salt 
production, but since 1967 the volume withdrawn has 
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increa ed because of withdrawals for production of addi
tional mineral . Total withdrawal for mineral production 
during 1976 was about 71,000 acre-feet. 

Storage Change 

The final element in the water budget-storage 
change- is the change in the volume of the lake. Changes 
in volume are computed on the basis of changes in the water 
level of the lake; figure 19 illustrates the relation between 
volume and water level. The Jake at the end of 1976 was at 
the arne level as at the beginning of 1931. Thus, there was 
no net change in storage during the period. 

THE BRINE 

Chemical Characteristics 

Great Salt Lake is one of the saltiest large permanent 
bodies of water in the world. It is not as salty as the Dead 
Sea, but it is considerably saltier than the oceans. The lake 
has a dissolved-mineral content of almost 5 billion tons 
(Sturm, 1980, p. 155). More than 2 million tons have been 
added to the lake annually in recent years (Arnow and 
Mundorff, 1972, table 3), primarily by inflowing streams . 
More than half of this is calcium carbonate, which precip
itates to form oolitic sand and other sediments. It was the 
density resulting from these dissolved minerals that gave the 
lake brine its buoyancy and permitted swimmers to float on 
the lake without effort. 

The major dissolved ions in the brine are chloride, 
sodium, sulfate, magnesium, and potassium. Chloride and 
sodium account for about 90 percent (by weight) of the 
dissolved ions. That percentage decreases somewhat when 
halite (rock salt) is precipitated at low lake levels (Hahl and 
Handy, 1969, p. 14). The brine contains small quantitie of 
dis olved calcium, bicarbonate, lithium, boron, fluoride, 
silica, bromium, and other trace elements. The composition 
of the brine has remained fairly constant throughout the 
recorded history of sampling on the lake. Some variations 
occurred, however, when the lake was divided by the 
railroad causeway, particularly during 1966-70, when 
halite was precipitated. (See table 2.) 

Variations in Salinity 

The salinity of the brine in Great Salt Lake always has 
varied somewhat with depth and from place to place . These 
variations were caused by differences in distance to sources 
of freshwater inflow and differences resulting from greater 
rates of evaporation in shallow parts of the lake compared 
with deep parts. 

Prior to completion of the railroad causeway, mineral 
concentrations throughout the lake probably were fairly 
uniform because of mixing of the brine by wind and 
currents. During years of high lake levels (resulting from 
large quantitites of freshwater inflow), the salinity of the 
brine was less than during years of low lake levels (when 
the concentration of the brine increased because evaporation 
exceeded inflow). This is illustrated in figure 3 and table 2, 
which show that prior to 1959 the salinity of the brine varied 
inversely with lake level. In 1869, for example, when the 
Jake was within a few feet of its historic high level, salinity 
was 15 percent of brine weight. In 1930, however, when the 
lake level was about 10 feet lower, the salinity was 21 
percent. 

Completion of the railroad causeway in 1959 divided 
the lake into two parts and restricted movement of the brine. 
The southern part of the lake receives more than 90 percent 
of the freshwater inflow, but that inflow contribute directly 
to only an upper layer of brine in the southern part. A lower, 
denser layer, occupying only the deepest areas of the 
southern part, is derived from dense brine in the northern 
part that is driven by a density gradient to flow southward 
through the lower parts of the culverts and causeway. (See 
fig. 26.) The northern part of the lake has been cut off from 

Upper south brine 

Lower south brine 

A 

Upper south brine 

B 

- - --N 

North brine 

Bottom of culvert 

North brine 

Dashed lines represent 
position of interface 

Figure 26. Schematic drawing of railroad causeway 
showing direction of flow (A) through a culvert and (B) 
through the permeable fill. (Adapted from Madison, 
1970, fig. 6.) 
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Table 2. Compos1t1on of Great Salt Lake bnne, 1n percentage by we1ght, 1850-1986 
[Percentages are the ratiO of the concentratiOn of the mdtcated constituent to the sum of the concentratiOns for all constituents determmed Data pnor to 1976 from Hahl and Handy (1969, p 14), data for 
1976 adapted from Sturm (1980, p 155}, data for 1986 from Utah Geologtcal and Mmeral Survey, unpublished] 

Date Stltea Calc1um Magnes1um Sod1um Potas- L1th1um Bicarbonate Sulfate Chlonde Fluonde Boron Brom1um Total D1ssolved 
(S102) (Ca) (Mg) (Na) SlUm (l1) (as C03 ) (504) (CI) (F) (B) (Br) percentage solids 

(K) 

Precauseway 

1850 - - 0 27 38 29 - 5 57 55 87 1000 22 3 
1869 0 17 2 52 33 15 160 6 57 55 99 - 1000 15 0 
August 1892 I 05 1 23 33 22 I 71 - 6 57 56 22 - - - 1000 23 8 
October 1913 - 16 2 76 33 17 I 66 0 09 6 68 55 48 1000 20 3 
March 1930 17 2 75 32 90 I 61 05 5 47 57 05 1000 21 0 

South of causeway 
Apnl 1960 0 002 12 2 91 32 71 1 71 - 06 6 60 55 88 0 01 1000 24 7 
December 1963 001 09 3 29 31 02 I 86 07 9 02 54 64 - 01 1000 27 3 
May 1966 003 09 3 80 30 56 2 22 0 02 10 7 99 55 21 0 003 01 - 1000 18 9 
June 1976 - 17 3 47 31 29 2 66 02 - 7 22 55 11 - 01 0 04 1000 99 
June 1986 24 3 66 31 14 2 41 6 99 55 56 - - 1000 47 

North of causeway 
December 1963 001 09 4 66 29 08 2 75 - 09 7 28 56 04 - 01 - 100 0 27 5 
May 1966 - 05 4 38 29 67 2 61 02 09 8 58 54 59 002 01 - 1000 26 9 
June 1976 13 3 17 32 04 2 58 02 - 6 62 55 39 01 04 1000 24 7 
June 1986 - 16 3 17 32 17 I 82 - - 6 81 55 87 - 1000 15 2 



most of the dtrect freshwater mflow, and almost all Its 
mflow consists of bnne that moves through the culverts and 
causeway from the south, where the water level Is higher 
The changes brought about by the causeway have had a 
profound effect on the relatiOn of lake level to sahmty 
(fig 3) 

The bnne north of the causeway remamed relatively 
constant at or close to saturatiOn, With the sahmty near 28 
percent from at least 1959 to 1982, regardless of changes m 
lake levels The sahmty decreased, however, durmg the 
large lake-level nses of 1983 and 1984, and a steady 
decrease contmued after the breach of the causeway and as 
the lake contmued to nse m 1985 By June 1986, the 
sahmty north of the causeway had decreased to about 18 
percent 

In 1963, at the histone low level of the lake, the brme 
south of the causeway was saturated and the sahmty was 
about 28 percent As the lake rose, however, the sahmty of 
the bnne south of the causeway contmued to change 
mversely With the lake level, although the sahmty was less 
than It would have been pnor to constructiOn of the 
causeway (fig 3) In 1977, for example, at a lake level of 
about 4,200 feet, the sahmty south of the causeway was
approximately 12 percent, whereas pnor to 1957 It would 
have been more than 20 percent at that level In June 1986, 
the sahmty south of the causeway decreased to about 5 6 
percent At this sahmty, which IS 1 6 times that of seawater, 
the famed buoyancy of Great Salt Lake was considerably 
dimimshed 

Biological Characteristics 

Hypersaline water IS not a smtable environment for 
most hvmg orgamsms because the bnnes "dry out" hvmg 
tissue by removmg water The few types of orgamsms able 
to tolerate this environment (table 3) thnve m brme because 
of their abihty to adapt and the lack of competition from 
other orgamsms for morgamc nutnents and food As salm
Ity decreases, more orgamsms are capable of existmg m the 
water These orgamsms compete With the more salt tolerant 
forms and generally are more successful, resultmg m a 
gradual change toward commumties of fresher water organ
Isms (fig 27) Changes m the bwlogy of the lake were first 
evident after 1959 followmg completiOn of the Southern 
Pacific TransportatiOn Company causeway, which sepa
rated the lake mto two parts, With progressive freshenmg of 
the southern prut The large quantity of mflow to the lake 
smce 1982 has further accentuated the changes m the lake's 
ecosystem 

Pnor to 1960 

At the time of the first permanent settlement m the 
Salt Lake Valley, dunng 1847, httle was known about 
aquatic hfe m the lake Exploratton parties dtspatched by 
Captam B L E Bonneville (Relyea, 1937, p 612) noted 
that small ammals were found m the water dunng his 
1831-33 survey, but as late as 1861 It was common to find 
wntten statements such as, "No hvmg thmg of any kmd 

Table 3. Pnnopal organ1sms found m Great Salt Lake, m general decreasmg order of 
the1r tolerance to salm1ty 

Common name 

Red bactena 

Red bnne algae 

Biostrome blue-green algae 

Green bnne algae 

Bnne fly 
(two species) 

Bnne shrimp 

Blue-green algae 
(several species) 

Diatoms 
(four species) 

Water boatman 

Sc1ent1f1c name 

Halobacterzum sp 
Halococcus sp 
Dunalzella salma 

Coccochlorzs elebens 

Dunalzella vmdzs 

Ephydra cmerea 
Ephydra hzans 

Artemza salma 

Nodularza spumzgena 

Amphora coffeiformzs 
Navzcula graczl01des 
Navzcula tnpunctata 
Rhopalodza musculus 
Tnchoconxa vertzcalzs 
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PrmCipal hab1tat 
(dates of occurrence) 

Water and sediment of the 
northern part (1960-83) 

Water of the northern part 
(1960-83) 

BIOstromes of the southern part 
(unknown-1983) 

Water of the southern part 
(unknown-1983) 

Water of the northern part 
(1983-86) 

Sediment and biostromes of the 
southern part 
(unknown-1986) 

Water of the southern part 
( unknown-1986) 

Water of the northern part 
(unknown-1986) 

Water of the southern part 
(1983-86) 

Do 
Do 
Do 
Do 
Shallow surface water of the 

southern part ( 1973-86) 
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Figure 27 Change m salm1ty of the southern part of Great Salt Lake and 1ts effect on the b1ota, 1850-1986 Dashed 
curve mdrcates measurements made rn nonconsecutrve years 

extsts m the lake" (Anonymous, 1861) Durmg the late 
1800's, sahmty ranged from about 13 to 23 percent, whtch 
IS four to seven times more salme than ocean water It was 
dunng thts penod that bnne shnmp (table 3) and bnne flies 
were reported mhabttmg the lake (Vernll, 1869, Packard, 
1871), although the local Indtans had been dmmg on the 
shnmp eggs and larval fltes for many years Ftve different 
types of green and blue-green algae, whtch hkely served as 
food for the shnmp and fltes, also were descnbed from the 
lake by Ttlden dunng 1898 (Ktrkpatnck, 1934, 
p 2) 

The fact that Great Salt Lake was salty hke the ocean 
and supported plant and ammal hfe sparked the attentton of 
the settlers, who mvestigated whether marme ammals could 
be mtroduced and "farmed" m tts waters Accordmg to 
newspaper reports m 1882, seedling oysters were planted at 
the mouths of the Bear and Weber Rivers, but the excessive 
sahmty and depositiOn of mud m the oyster beds prevented 
thetr establishment (Deseret Evenmg News, August 12 and 
14, 1882) The U S CommiSSion of Fish and Ftshenes 
ISsued a formal report m 1900 statmg that the lake was not 
sUitable for manne orgamsms because the sahmty, even at 
the mouths of nvers, was too great and deposition of 
sedtment was unfavorable to shellfish (Moore, 1900, p 
249, 250) 

The penod from the tum of the century to the early 
1960's was charactenzed by considerable mterest m the 

biOlogy of the lake and by further descnpt10ns of the 
dtversity of orgamsms m the lake Extensive deposits of 
carbonate mmerals m ndges and mounds called biOstromes 
were descnbed by Eardley (1938) and Carozzi (1962) 
These deposits are produced by a blue-green alga, whtch 
hves on the bottom muds where the water IS less than 15 
feet deep and secretes the carbonate as a byproduct Nearly 
100 square mtles of these deposits have been formed, 
pnmartly along the west shore of the lake and near Islands 
These algae, m tum, serve as a pnncipal source of food for 
larvae of bnne fltes, which have been estimated to number 
370 mtlhon per mile of beach (Garvaman and Havertz, 
1973) The role of lake orgamsms m the productiOn of 
sediments was further tdentified when Eardley (1938, p 
1401-1408) wrote that bnne shnmp remove suspended 
sediment from the water and deposit It as fecal pellets By 
1938 these pellets constituted one-third of the lake sedi
ments Between 1930 and 1959, the dtscovery of additiOnal 
orgamsms was limited to the IdentificatiOn by Evans ( 1960) 
of about 15 species of bactena and 8 spectes of protozoa 

1960-1982 

CompletiOn of the railroad causeway between Prom
ontory Pomt and Lakeside m 1959 resulted m creation of 
two ecologically distmct lakes because of dtfferences m 
sahmty In addition to osmotic stress on the orgamsm, the 
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large concentratiOns of dissolved salts m the northern part 
greatly decreased the abihty of the water to absorb oxygen 
The orgamsms most capable of hvmg m bnnes that contam 
small dissolved-oxygen concentratiOns are bactena, specif
ICally two types that have a purple pigment called bacten
orhodopsm This pigment IS closely related to a pigment 
that aids human eyesight In these bactena, this pigment 
allows the orgamsms to use hght as an alternative energy 
source to respiratiOn m environments where the dissolved 
oxygen needed for respiratiOn IS hmited It IS this purple 
pigment that Imparted a distmct red color to the northern 
part of the lake which was VISible until about 1982, when 
sahmty m the northern part began to decrease 

The northern part also contams a species of algae that 
has a red pigment and IS closely related to the green bnne 
algae of the southern part of the lake The dommance of the 
red bactena m the biOlogy of the northern part, however, IS 
evident m biOmass calculations from data m Post ( 1980, p 
314) The total bactenal populatiOn of the northern part 
exceeded 2 milhon metnc tons, with the weight of the red 
algae at 8 percent and the bnne shnmp at less than 0 05 
percent of the bactena The bactena are so well adapted to 
the concentrated bnnes that they will not grow If sahmty IS 
less than 15 percent 

Dunng the early 1960's, the southern part of the lake 
reached a sahmty of 28 percent At this sahmty, competi
tiOn from orgamsms that are not tolerant of concentrated 
bnnes IS ehmmated and populations of halophilic orgamsms 
greatly mcrease From 1960 to 1982, sahmty m the northern 
part remamed near 28 percent while sahmty m the southern 
part gradually declined It was at this time that commercial 
harvestmg of bnne shnmp and shnmp eggs essentially 
stopped m the northern part and mcreased m the southern 
part as shnmp populatiOns m the south were mcreasmg 

Durmg the early 1970's, small aquatiC msects were 
collected from the water surface at the southern end of the 
lake (Rawley and others, 1974, p 25, 26) These were 
conxids, or "water boatmen," which are predatory on brme 
shnmp and bnne flies They typically reproduce m less 
salme waters nearby and feed m the lake The spectes 
Identified was Trzchocorzxa vertzcahs, which also has been 
found m brme ponds near San Francisco, Caltf 

By 1979, saltmty of the southern part had decreased 
to near 14 percent, and the 29 species of algae present 
mcluded 17 species of diatoms (Fehx and Rushforth, 1980, 
p 306) This IS m marked contrast to earlier, more sahne, 
penods, when only two diatoms ltkely were residents of the 
lake (Rushforth and Feltx, 1982, p 158) The most com
mon algae m the southern part were the green brme alga 
Dunalzella vzrzdzs and the diatoms Amphora coffezformzs, 
Navzcula graczlozdes, Navzcula trzpunctata, and Rhopalo
dza musculus The biostrome-formmg blue-green alga Coc
cochlorzs elebans was quite rare, as It prefers sahmties near 
25 percent (Fehx and Rushforth, 1980, p 306) 

Subsequent to 1 1J82 

Unusually large quantities of precipitatiOn fallmg 
withm the watershed of Great Salt Lake dunng 1982-85 
resulted m average annual surface-water mflows to the lake 
of about 4 6 million acre-feet, compared With the average of 
about 1 9 million acre-feet for 1931-76 (Arnow, 1984, p 
15) As a result of these mflows, saltmty m the southern 
part decreased from about 13 percent m 1981 to about 5 
percent m 1986 This dramatic decrease m saltmty has 
greatly affected the compositiOn of the algal and shnmp 
commumttes A filamentous blue-green alga, Nodularza 
spumzgena, whtch was common m Farmmgton Bay but 
which appeared mfrequently m the southern part dunng the 
early 1980's, was quite common throughout the southern 
part by mid-1984 

Harvest of bnne-shnmp eggs, which durmg 1960-82 
had been economically feasible only m the southern part, 
decreased stead1ly from 85 tons m 1965 to less than 9 tons 
m 1981 (fig 28) The demise of the bnne shnmp m the 
southern part has been a result of decreasmg saltmty As 
sahmty reaches 6 percent, the hard wmter eggs produced by 
the shnmp smk to the bottom of the lake, where they cannot 
hatch m respon"e to mflow of freshwater m the spnng At 
saltmties near 3 percent, adult shnmp fail to reproduce (fig 
27) The large mflows of freshwater, which began m 1982, 
also resulted m decreases m saltmty m the northern part, by 
1986, sahmty there had decreased to about 17 percent, 
down from about 28 percent m 1982 Commerctal harvest 
of bnne-shnmp eggs has been hmited to the northern part 
smce 1982, and harvests have greatly mcreased (fig 28) 
The breach of the Southern Pacific TransportatiOn Company 
causeway m 1984 resulted m an mcrease m the volume of 
dilute bnne from the southern part that mixes With the more 
concentrated brme m the northern part, and this gradually 
decreases the sahmty of the northern part 

Brme flies, the other maJor ammal group m the lake, 
are tolerant of waters that are moderately salme and warm 
and have small concentratiOns of dissolved oxygen Some 
brme flies m other areas even hve m pools of crude 
petroleum Another species closely related to the bnne flies 
m Great Salt Lake was found to be tolerant of saltmties 
rangmg from 1 to 8 percent, With optimum growth at 4 or 5 
percent, although It would not ltve m freshwater or more 
dilute brme (Sunpson, 1976, p 490) Of the two species of 
brme flies ltvmg m the Great Salt Lake, the smaller 
Ephydra cznerea IS more tolerant of sahmty and m the past 
has been 100 times more abundant than Ephydra hzans 
(Rushforth and Feltx, 1982, p 158) With the decreasmg 
saltmty of th~ southern part, Ephydra hzans IS now becom
mg more dommant (Betmna Rosay, Salt Lake City Mos
qmto Abatement Distnct, oral commun , 1986) 

The decreased saltmty of the southern part allowed a 
breedmg populatiOn of ramwater killifish (Lucama parva) 
to enter the lake near Stansbury Island dunng 1986 The 
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Figure 28. Change m salm1ty of Great Salt Lake smce complet1on of the Southern Pac1f1c Transportation 
Company causeway m 1959 and 1ts effect on the commerc1al harvest of brme shnmp and eggs 

1 5-mch fish are members of the mmnow family and 
commonly are found m brackish and salme waters The fish 
likely entered the lake from warm spnng water dischargmg 
m the area (Salt Lake Trzbune, August 8, 1986) Their 
contmued existence and mcrease Withm the lake Will be 
contmgent largely upon contmued small salt concentratiOns 
and their ability to Withstand subfreezmg temperatures of 
- 1 to -3 °C that commonly occur every wmter 

SUMMARY 

The Great Salt Lake IS a remnant of Lake Bonneville, 
which had a maximum depth of about 1 ,000 feet and 
covered about 20,000 square miles m Utah, Nevada, and 
Idaho dunng the latter part of the Pleistocene Epoch Lake 
Bonnevtlle began to form about 32,000 years before present 
and rose m three maJor steps to reach the freshest water 
conditiOns and the highest altitude about 17,000 years 
before present The lake then overflowed near Red Rock 
Pass mto the Snake River dramage system and thence 
eventually to the Pacific Ocean 

The Size of Great Salt Lake varies considerably, 
dependmg on tts surface elevatiOn, which can vary dramat
Ically wtth climatic changes At an elevatiOn of 4,200 feet 
above sea level, the approximate average water level about 

which the lake has fluctuated dunng histonc ttme 
(1847-1986), It covers about 1,700 square mtles, With a 
maximum depth of 34 feet However, the record mflows 
dunng 1982-86 have raised the lake about 12 feet and 
mcreased the surface area of the lake to about 2,300 square 
miles 

In 1847, when Utah was settled by Mormon piOneers, 
the water level of Great Salt Lake was about 4,200 feet 
From 1862 to 1873 the lake rose approximately 12 feet, to 
cover an area of about 2,300 square miles at a htstonc high 
of about 4,211 5 feet Dunng the next 90 years, the lake 
level severely declined, and m October 1963 It reached an 
all-ttme histonc low level of 4,191 35 feet At that level, 
the lake covered only about 950 square miles 

The consensus of local people was that the lake would 
never nse agam As a result, ratlroads, mterstate highways 
and other roads, wildfowl-management areas, recreatiOnal 
facilities, and mdustnal mstallatwns were estabhshed on the 
exposed lakebed But m 1964, the lake began to nse agam, 
and by 1986 It had nsen approximately 20 feet, about 12 
feet between '1982 and 1986 

The nse from 1982 to 1986 resulted m capital damage 
of about $285 milhon to roads, railroads, Wildfowl
management areas, recreatiOnal facilities, and mdustnal 
mstallatwns that had been established on the exposed 
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lakebed This loss prompted the Utah legislature to appro
pnate $71 7 milhon for dikes and pumps designed to contam 
the lake ar.d to reduce Its volume Water would be pumped 
from near the western end of the Southern Pacific Trans
portatiOn Company causeway over a land ndge and then 
allowed to flow mto the western desert, creatmg a new lake 
of about 500 square miles With an average depth of 2 5 feet 
EvaporatiOn would reduce the water volume, and the 
concentrated bnne would then be recycled back mto Great 
Salt Lake 

Many penods of marked lake level nse followed 
maJor volcamc eruptiOns The nse of 1884-86 occurred 
after the eruption of Krakatau, Indonesia, dunng August 
1883 The steep nse of 1907-10 followed the eruptiOn of 
Ksudach, Kamchatka, dunng March 1907 The nse of 
1964-76 followed the eruption of Gunung Agung, Bah, 
dunng March 1963, and the record nse of 1982-86 was 
preceded m March and Apnl 1982 by a maJor volcamc 
eruptiOn at El Chich6n m Mexico The decrease m solar 
radiatiOn caused by volcamc eruptions could have resulted 
m decreased evaporation or mcreased precipitatiOn, or both, 
which m turn would have contnbuted to a nse of lake level 
These hypotheses are corroborated by pan-evaporation data 
for the Saltair Salt Plant, which mdicates that evaporation 
durmg 1982-85 was only 72 to 84 percent of the long-term 
(1931-70) average for June-September Also, the mean 
annual precipitatiOn for 1982-85 was 21 41 mches, or 39 
percent greater than for 187 5-1981 Other nses of the level 
of Great Salt Lake cannot be correlated With known maJor 
volcamc eruptiOns 

Total mflow to the lake dunng 1931-76 consisted of 
streamflow (66 percent), precipitatiOn (31 percent), and 
ground water (3 percent) Average annual mflow was about 
2 9 milhon acre-feet About 92 percent of the total surface 
mflow to the lake was from the Bear, Weber, and Jordan 
Rivers The only outflow from the lake IS through evapo
ratiOn, which averaged 2 9 million acre-feet annually 

The completiOn of a sohd-fill railroad causeway m 
1959 separated the lake mto two parts Although the 
causeway IS permeable, It restncts the movement of bnne 
such that the northern part of the lake has become qmte 
sahne The lake bnne IS pnmarily sodmm chlonde but also 
contams small quantities of trace elements The sahmty of 
the bnne varies mversely with lake level and has ranged 
from about 6 percent m the southern end of the lake m 1986 
to 28 percent m the northern end m 1963 

Changes m the sahmty of the lake have resulted m 
many changes m the bwta of the lake When the sahmty of 
the lake ts about 15 to 25 percent, halophilic green 
bnne-algae, bnne shnmp, and bnne flies are the pnncipal 
mhabitants m the lake As the sahmty of the lake decreases 
to about 6 percent, more opportumstic forms, such as 
blue-green algae and diatoms, begm to appear and the 
populatiOn of bnne shrimp decreases In 1979, when the 
sahmty of the southern part of the lake was about 14 

percent, 29 species of algae were present Dunng earlier 
times, when the lake was more sahne, the algal commumty 
consisted of about three species The great reductiOn m 
sahmty from 1982 to 1986 resulted m the appearance of a 
populatiOn of ramwater killifish near Stansbury Island 
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METRIC CONVERSION FACTORS 

For readers who WISh to convert measurements from the mch-pound system of umts to the metnc system of umts, 

conversiOn factors are hsted below 

Mult1ply mch-pound umts 

acre 
acre-foot 

cubic foot per second 
cubic mile 

foot 
gallon per second 

mch 
mile 

square mile 
ton 

ALTITUDE DATUM 

4,047 
1,233 

By 

0 02832 
4 1655 
0 3048 
3 785 

25 40 
1 609 
2 590 
0 9078 

To obtain metnc u mts 

square meter 
cubic meter 
cubic meter per second 
cubic kilometer 
meter 
hter per second 
millimeter 
kilometer 
square kilometer 
metnc ton 

Sea level In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)-a 

geodetic datum denved from a general adJUStment of the first-order level nets of both the Umted States and Canada, 

formerly called Sea Level Datum of 1929 
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