Comment on Causeway Modifications and the Great Salt Lake’s Deep Brine Layer
Wayne Wurtsbaugh, Utah State University, December 13, 2013
The removal of culverts and the construction of a bridge to replace these structures present a
considerable opportunity to maintain water quality in the Great Salt Lake, and the railroad and managers
should capitalize on this possibility. Several points are pertinent.
1. The construction of the solid fill causeway in 1959 without appreciable environmental review has
had a huge impact on the lake with several negative environmental consequences. The modified
hydrology has resulted in the north arm becoming so hypersaline that few invertebrates or birds
can utilize it. This has removed approximately 45% of the lake from effective production of brine
shrimp, brine flies and birds in most years.
2. The construction of the solid fill causeway caused the formation of a deep brine layer that is a
dead zone covering more than 40% of Gilbert Bay. This layer has no oxygen, contains hydrogen
sulfide concentrations that are 15,000 times higher than the EPAs criteria for the protection of
freshwater organisms, and mercury levels that are among the highest recorded in the US (Jones
and Wurtsbaugh, In Press, Limnology and Oceanography, 2014; Appendix A). This water is highly
toxic to invertebrates, and consequently brine shrimp and brine fly production is restricted to the
upper water stratum.
3. “Lake stink” events may be caused by the release of the hydrogen sulfide from the dead zone
during high wind events. It is unlikely that significant odor problems are a normal consequence.
However, it is unclear whether the hydrogen sulfide derives from Gilbert or Farmington Bays.
4. The division of the lake into two parts has also had some beneficial aspects. For example, during
the high‐water and low salinity years of the mid‐1980s the southern basin became too diluted for
brine shrimp, but they prospered in the more saline north basin. In extreme low water years like
those in the 1960s, the entire lake might have become too saline for brine shrimp production if it
had not been divided by a causeway that allowed salts to be concentrated in the northern basin
(Null et al. 2013)
5. It is unlikely that the return flows from the north basin to the south would have been adequate
over the long‐term to maintain an optimal salinity for brine shrimp production in the south arm.
Inspection of a salinity graph (Figure 1) shows that salinities were plummeting after the
construction of the causeway, and then even more so during the extreme wet years of the mid‐
1980s. However, since then, the watershed has been in a long‐term drought and the salinity in
the south arm has been adequate for shrimp production. However, had we not been in a drought
during most of these years, the “equilibrium” salinity in the south likely would have become too
low for good shrimp production. To my knowledge, this “equilibrium” salinity for the south arm
has not been modeled, but without this information we do not know if the flows through the old
culverts were adequate to provide desired salinities in the long term. Consequently, we do not
even know if building a new bridge to replace those flows will provide a good long‐term solution
for managing salinities in the south.
6. Failure to provide for return flows, or even a substantial delay in the construction of a new bridge
could cause a rapid freshening of the south basin and the loss of brine shrimp production and

likely difficulties for the salt industries that operate in the south basin. It is imperative that proper
studies and construction of the appropriate structures occurs quickly to prevent this freshening.
7. Current scientific understanding of the dynamics of the deep brine layer is far from perfect. For
example, we do not know how much brine flows through the fill material of the causeway.
Rather, this flow has been estimated by difference from other measured parameters. This creates
considerable uncertainty in the actual flow. Additionally, we do not fully understand how the
deep brine layer influences the chemistry and the organisms in the south basin (Gilbert Bay).
Given these uncertainties, it is important that the railway and the agencies adopt an adaptive
management approach and construct new structures that will allow flexibility once we have a
better understanding of the system.
Given these points it is critical that:
1. The previous flows through the culverts not be used without question as the target for the flows
for the new bridge.
2. If the second culvert is closed, managers should utilize the interim period before bridge
construction as an experiment to understand flow dynamics and the response of the biota in the
south basin.
3. Managers recognize that the hydrology of the lake will change and that they need to be able to
adapt to those changes. For example, global warming will very likely influence runoff to the Great
Salt Lake. Likewise, water development in the basin may well reduce flows to the lake. Expansion
of mineral ponds will also change the hydrology. Managers must be adaptable to these changes
to properly manage the lake.
4. The new structure that is constructed should allow managers to adapt their management
strategy. As stated in Null et al. (2012), “If the railroad causeway separating Gilbert and Gunnison
Bays were updated with a control structure to manage the flow of water and salt, the causeway
might be a management tool to maintain salinity, aquatic life, and industry. Salt lakes worldwide
are vulnerable to changes in salinity from hydrologic variability as well as human alteration from
water regulation, land use, and climate change. A well‐managed causeway could provide some
resiliency from these changes.”
A structure that allowed controls of both surface and deep return flows would provide managers an
important tool that hopefully could help mitigate some of the problems caused by the deep brine layer,
or at a minimum, not make the situation worse.
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Figure 1. Changes in the salinity of Gilbert Bay (south basin) after the construction of the railway
causeway. Note the rapid decline in salinities once the causeway was closed, indicating that insufficient
salts were being returned from the north basin via culvert and interstitial flows. Since the late 1980s we
have primarily been in a drought that has helped maintain salinity levels high and adequate for brine
shrimp production.

Appendix B. Page proofs of an in‐press (2014) article on the deep brine layer Gilbert Bay. The deep
brine layer is formed as a consequence of the railroad causeway.

