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Upper Left - Closeup view of concrete breach structure.

Lower Left - Plume of muddy water in north arm created from south-to-north rush of water flowing through initial breach opening.
Upper Right - Water flowing from south to north through the initial breach opening.

Lower Right - Completed breach structure near Lakeside, Utah just prior to breaching ceremonies, August 1, 1984.















EFFECTS OF BREACHING THE SOUTHERN PACIFIC RAILROAD
CAUSEWAY, GREAT SALT LAKE, UTAH—PHYSICAL AND CHEMICAL CHANGES
AUGUST 1, 1984—JULY, 1986

By J. Wallace Gwynn', Ph.D. and Paul A. Sturm?

ABSTRACT

The Southern Pacific Railroad causeway was breached on
August 1, 1984 as a state-financed lake-level control measure.
To determine the effect of the breach on the lake, two monitor-
ing programs were initiated. The U.S. Geological Survey
(USGS) monitored the bidirectional flow through the breach
opening and the Utah Geological and Mineral Survey
(UGMS) monitored the density and brine chemistry of the two
arms of the lake. The work done by the USGS was a coopera-
tive effort with the UGMS. This report presents a summary of
the pre-and post-breach physical and chemical conditions of
the lake based on the data obtained through the two monitor-
ing programs. It also discusses the effects that the breach has
had on the lake’s mineral-extraction industries and on the
railroads. From the data presented within this report, the
following conclusions can be reached.

1. Density measurements have shown that the upper
north arm (Gunnison Bay) brines have become significantly
diluted since the breach, and that the deep south arm (Gilbert
Bay) brines have increased in both density and volume. The
upper south arm (Gilbert Bay) brine density and that of the
deep north arm have remained relatively constant while their
volumes have decreased.

2. There is a general linear relationship between the rate
of increase in Na, K, Mg, Cl and SO4 with that of TDS within
the lake brines with the exception of the deep, high-density,
north arm (Gunnison Bay) brines. In these, the rate of increase
of chloride decreases while that of sulfate increases. The same
relationships are seen in the dry weight percent data. The
increase in sulfate and the corresponding decrease in chloride
are related to an enrichment of the deep north arm (Gunnison
Bay) brine due to the dissolution of winter-precipitated
mirabilite.

3. While the initial changes in lake level brought about by
the breach had both positive or negative effects on the extrac-
tive industries and on the railroads, the continued rise in the
level of the entire lake has, and will continue to have, a severe
and costly impact on everyone.

4. The salinity changes within the lake that have been
brought about by the breach have not increased the salinity of
the feed stock for the south arm (Gilbert Bay) lake extractive
industries, and have greatly decreased the salinity of the feed
stock of the single north arm (Gunnison Bay) industry.
Although there has been a major shift in the dissolved salt load
from the north arm to the south arm of the lake, this may not
be of value to south arm (Gilbert Bay) industries until after the
level of the lake begins to drop. All industries have been
severely impacted by the continued dilution associated with
the rising lake level.

5. All lake industries could obtain higher salinity brines
than they presently access by moving their pump intake lines
farther out into deeper areas of the lake although, in the north
arm, the quantity of high-salinity brine is limited. This action,
however, is very costly. In the south arm of the lake the effect
that the fetid, discolored, deep brine would have on salt opera-
tions is not known.

INTRODUCTION

The Great Salt Lake, a terminal, complex body of highly
saline water, is located in the northwestern quarter of the State
of Utah, and within the Basin and Range physiographic pro-
vince. It is the largest of the modern-day remnants of the
fresh-water, Pleistocene Lake Bonneville, which coverd about
54,000 square miles of western Utah to a maximum depth of
about 1000 feet, some 10-15 thousand years ago.

Since the settlement of the valley of the Great Salt Lake by
the Mormon pioneers in 1847, the lake and its environs have
been used for many purposes (see figure 1). Almost from the
beginning, the lake has been used as a source of minerals and
other saline-related products. Its beaches and waters have
been used for recreational purposes. Around its shorelines,
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During these past 140 years, however, man has had to
contend with the up and down trends of the surface elevation
of the lake. These have fluctuated over a vertical distance of
about 20 feet from highs of almost 4212 feet above sea level in
1873 and 1986 to a low of 4191.3 feet in 1963. And with the
vertical fluctuations of the lake have come changes in its
surface area. Because of the very gradual slope of the lake’s
shoreline, large areas become covered with water for each foot
of rise in its elevation. Because of these continual fluctuations
and man’s inability to predict them, facilities built during one
lake stage were found either high-and-dry or flooded within a
few years. In the early 1870s, the pioneer settlers became
concerned with the rising waters of the Great Salt Lake as it
approached an elevation of 4212 feet, a record which would
stand for more than 100 years. From that time the lake began a
general downward trend that lasted for 90 years. At that time
the lake reached its historic low of 4191.3 feet in 1963.

Not content to stand still, the lake immediately began a
steady 13-year rise. In 1976, the Great Salt Lake reached an
elevation of 4202.2 feet above sea level, an elevation that had
not been seen for nearly 50 years. Concern was expressed by
lake industries and other developers around its shores that the
13-year upward lake-level trend would continue, and that
extensive damage would result if something were not done.
Fears were alleviated the next year, however, as the lake
peaked some 1-14 feet lower than the previous year, and con-
tinued to drop slowly during the next 2 years. During water
years (October of one calendar year through September of the
next year) 1980 through 1982, the lake again began to rise, but
peaked at less than 4201 feet during 1982.

Water years 1983 and 1984 were a surprise to everyone as the
lake rose in response to heavy precipitation an unprecedented
5-plus feet during the first year and nearly that much again
during the second year, bringing it to its highest elevation in
nearly a hundred years. Between these two years, the annual
drop in lake level was the smallest on record for the south arm,
and in the north arm the lake level rose continuously through-
out the 2-year period without its customary annual drop.
During this 2-year period, damages to lake industries, state
and federal recreation and waterfowl management areas, and
highways and railroads (see figure 1) ran into the hundreds of
millions of dollars (Bureau of Economic and Business
Research 1983, 1984).

Recognizing the serious flooding that had been caused by
the Great Salt Lake, and fearing that it would rise higher the
following year, the state reviewed its options for lake-level
control, which included upstream development, breaching the
causeway, and pumping to the western desert. Upstream
development would consist of constructing reservoirs on the
tributaries to the lake, principally on the Bear River. Breach-
ing the causeway would consist of constructing a 300-foot
opening in the Southern Pacific Railroad causeway which
separated the lake, in an east-west direction, into two portions
and across which a water-surface elevation difference had
developed. This opening would allow the elevation difference
to decrease. West Desert pumping would consist of pumping
lake water into the desert west of the lake to increase the area

available for evaporation and storage and thereby lower the
lake level. During the January, 1984 session of the legislature,
HB 30 was passed which provided some 3.5 million dollars to
breach the Southern Pacific Railroad causeway. The breach-
ing action was expected to lower the water level south of the
causeway somewhat less than a foot where the extensive flood-
ing was being felt the most, while raising the level of the lake
north of the causeway somewhat more than a foot where the
effects of additional flooding would not be as great. It was
hoped by some that this action would also increase the density
of the upper lake level brines south of the causeway.

Plans for the construction of the breach began immediately,
and by the end of July, 1984, the construction of the breach, a
300-foot opening in the railroad causeway, had been com-
pleted (see frontispiece). On August 1, at the breach site near
Lakeside, the opening ceremony included speeches by Utah'’s
Governor Matheson and railroad officials, the removal of the
last few feet of causeway fill, cheers as the south arm (Gilbert
Bay) waters flooded into the north arm (Gunnison Bay), and a
fine meal for those present which was hosted by the railroad.

This report will address the following: a) a review of the
1984-86 breach-monitoring programs, b) a review of the pre-
breach history of the lake, ¢) a study of the physical and -
chemical changes that have occurred in the lake since the
breach, and d) a brief analysis of the effects of the breach on
the lake’s mineral-extraction industries and on the railroads.

The breach-monitoring program has been a multi-agency
effort. The breach-flow measurements were made by the U.S.
Geological Survey through a cooperative agreement with
UGMS; brine analyses were made for the UGMS by the
AMAX Magnesium Corporation through a Memorandum of
Understanding; and boat transportation was provided to
UGMS by the Division of Parks and Recreation through a
cooperative agreement. UGMS funding was provided par-
tially through a cooperative agreement with the Division of
State Lands and Forestry.

New or revised names for various portions of the Great Salt
Lake are currently being proposed for adoption by the Utah
Committee for Geographic Names. As this report is being
published during this transition period, both the long-standing
or conventional names and the new or revised names will be
used; the new names will frequently follow the conventional
names and will be in parenthesis. On figure 1, the new or
revised names are placed in parentheses. The name Gunnison
Bay refers collectively to all of the areas north of the railroad
causeway and west of Promontory Point. The name Gilbert
Bay, on the other hand, does not refer to all of the areas south
of the causeway. Each of the five areas must be referred to as a
separate entity. Within this paper, however, the terms south
arm and Gilbert Bay will refer to all five segments collectively
unless specifically stated otherwise.

BREACH-MONITORING PROGRAMS

Two programs were established to monitor the effects of
breaching the causeway: one by the U.S. Geological Survey
and one by the Utah Geological and Mineral Survey (UGMS).































































24

ponding system was flooded. The elevation of the south arm of
the lake (Gilbert Bay) at that time was 4211.85 feet, which was
increased by up to a foot because of wind-tide conditions.
During the same storm, the Southern Pacific Railroad had
several miles of track destroyed, which closed the causeway to
rail traffic for more than a month while the damage was
repaired. The lake’s north arm (Gunnison Bay) elevation at
that time was at a high of 4210.7 feet. Even before the breach-
ing of the causeway, both the AMAX Magnesium Corpora-
tion and Great Salt Lake Minerals and Chemicals sustained
high-water-related dike failures on May 8, 1983 and on May 5,
1984, respectively. These major industries have or will suffer
great losses in the production of salt, concentrated brine,
and/or other products for years to come.

SALINITY CHANGES

The major changes in salinity that have occurred within the
Great Salt Lake as a result of the breach are: a) a significant
density/ concentration decrease in the upper north arm (Gun-
nison Bay) brines due to the large and rapid influx of more
dilute south arm (Gilbert Bay) brine, and b) an increase in the
density/concentration and volume of the deep south arm (Gil-
bert Bay) brine (see preceding section on Density
Changes).

It was hoped by many that the breach would cause an
increase of the salinity of the upper south arm (Gilbert Bay)
brine. To date, however, there has not been a significant
increase but only a combining and thickening of the deep and
transition-zone brines. Because the extractive industries all
pull their feed-stock brine from above an elevation of 4186
feet, they still do not have the availability of the deeper brines
of greater density. These deep brines would be available if
pump intakes and additional intake structures were placed
well below the 4186-foot level, although this would be very
costly and involve extending intakes out into the lake for a
number of miles. It is not known what effect the deep, dis-
colored, hydrogen sulfide-laden brines would have on the
quality of salts and brines that would be produced from this
deep south arm (Gilbert Bay) brine.

Since the breach, the upper north arm (Gunnison Bay) brine
has been diluted from more than 21 percent to about 16
percent. Within the north arm, however, deep, dense brine,
exceeding 26 percent TDS, is available at or below an approx-
imate elevation of 4176 feet. If north arm (Gunnison Bay)
industries wished to obtain these brines of greater salinity they
could, like the south arm (Gilbert Bay) industries, extend their
intakes out farther and deeper into the lake.

The concern of the lake's extractive industries over the
salinity of the brines involves not only the quantity of salt in a
given volume of brine, but also the amount of time that is
required to evaporate that brine to the point at which the
desired salt(s) will precipitate or brine densities will be
achieved. If the salt content of the lake water is reduced by
half, then at least twice the volume of brine must be pumped
and evaporated to yield the same quantity of salt. This requires
more than twice the amount of solar ponding surface area,
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which is not normally available, or available only at a
premium price.

The amount of time required to evaporate the brines down
to the point of sodium-chloride saturation (27 percent TDS),
or beyond, is also effected by the initial concentration of the
brine. As a hypothetical example, if it takes two months to
evaporate 10 percent brine up to 27 percent, the point of
sodium-chloride saturation, then it may take four months or
more to concentrate 5 percent brine to the same concentration.
As can be seen, there comes a point at which there is not
enough time during the evaporative season, which usually lasts
from about May through September, to produce the desired
amount (if any) of salt(s) and/or concentrated brines. In the
production of high magnesium and potassium brines and salts,
which takes a minimum of two years to complete the ponding
circuit, another factor plays an adverse time-dependent role,
that of pond leakage. If the evaporation of a diluted brine
takes too long, the more concentrated brine that is finally
produced may simply leak out of the ponding system and back
into the lake before it can precipitate the desired salts or be
harvested and utilized, thus making the operation futile.

SUMMARY AND CONCLUSIONS

1. The U.S. Geological Survey breach-monitoring pro-
gram consists of measuring the bidirectional flow of brine
through the breach opening while that of the Utah Geological
and Mineral Survey consists of measuring changes in the
density and chemistry of the lake.

2. Density measurements have shown that the upper
north arm (Gunnison Bay) brines have become significantly
diluted since the breach, and that the deep south arm (Gilbert
Bay) brines have increased in both density and volume. The
upper south arm (Gilbert Bay) brine density and that of the
deep north arm have remained relatively constant while their
volumes have decreased.

3. Thereis a general linear relationship between the rate
of increase in Na, K, Mg, Cl and SO4 with that of TDS within
the lake brines with the exception of the deep, high-density,
north arm (Gunnison Bay) brines. In these, the rate of increase
of chloride decreases while that of sulfate increases. The same
relationships are seen in the dry weight percent data. The
increase in sulfate and the corresponding decrease in chloride
are related to an enrichment of the deep north arm (Gunnison
Bay) brine due to the dissolution of winter-precipitated
mirabilite.

4. While the initial changes in lake level brought about
by the breach had both positive or negative effects on the
extractive industries and on the railroads, the continued rise in
the level of the entire lake has, and will continue to have, a
severe and costly impact on everyone.

5. The salinity changes within the lake that have been
brought about by the breach have not increased the salinity of
the feed stock for the south arm (Gilbert Bay) lake extractive
industries, and have greatly decreased the salinity of the feed
stock of the single north arm (Gunnison Bay) industry.
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Although there has been a major shift in the dissolved salt load
from the north arm to the south arm of the lake, this may not
be of value to south arm (Gilbert Bay) industries until after the
level of the lake begins to drop. All industries have been
severely impacted by the continued dilution associated with
the rising lake level.

6. Alllake industries could obtain higher salinity brines
than they presently access by moving their pump intake lines
farther out into deeper areas of the lake although in the north
arm (Gunnison Bay) the quantity of high-salinity brine is
limited. This action, however, is very costly. In the south arm
of the lake (Gilbert Bay) the effect that the fetid, discolored,
deep brine would have on salt operations is not known.
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