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Introduction

Success and dedication to quality research has established the Division of Hydrologic Sciences as the
recognized "Institute" under the Water Resources Research Act of 1984 (as amended). A total of 54 Institutes
are located at colleges and universities in the 50 states, the District of Columbia, Puerto Rico, and the U.S.
Virgin Islands.

The primary mission of the Nevada Water Resources Research Institute is to inform the scientists of Nevada.
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Research Program Introduction

Nevada is the most arid state in the United States and it is experiencing significant population growth and
possible future climate change. With competing water demands for agricultural, domestic, industrial, and
environmental uses, issues surrounding water supply and quality are becoming more complex, which
increases the need to develop and disseminate sound science to support informed decision making.

As the NWRRI, the continuing goals of DHS are to develop the water sciences knowledge and expertise that
support Nevada's water needs, encourage our nation to manage water more responsibly, and train students to
become productive professionals. Therefore, DHS has chosen to make a valuable contribution to water
research and education in Nevada by judiciously distributing its Section 104 research funds among numerous
subject areas. Projects must be of significant scientific merit (as determined by the review process) and
relevant to Nevada's total water program to be considered worthy of funding.

To ensure collaboration and coordination among water-related entities throughout the state, DHS maintains a
Statewide Advisory Council on Water Resources Research composed of leading water officials who may be
called upon to assist in selecting the research projects that will be supported by Section 104 funds.
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Theoretical Analysis of Optimal Groundwater Basin
Development

Basic Information

Title: Theoretical Analysis of Optimal Groundwater Basin
Development

Project Number: 2016NV211B
Start Date: 3/1/2016
End Date: 2/28/2017

Funding Source: 104B
Congressional District: NV-02

Research Category: Ground-water Flow and Transport
Focus Categories: Groundwater, Water Supply, Drought

Descriptors: None
Principal Investigators: Clay Cooper

Publications

There are no publications.

Theoretical Analysis of Optimal Groundwater Basin Development

Theoretical Analysis of Optimal Groundwater Basin Development 1



Theoretical Analysis of Optimal Groundwater Basin Development 
 
 
Problem and Research Objectives 
It is thought by many hydrologists that groundwater pumping can be made “sustainable” if the 
amount of water pumped annually is less than annual recharge to the aquifer. Interpretation of a 
simple mass balance equation, however, shows that for many aquifers, this is not the case. For 
example, prior to pumping, unconfined aquifers are considered to be a state of dynamic 
equilibrium (or steady state), where mean annual recharge rate ( R ) equals mean annual 
discharge rate ( D ) when averaged over some suitable length of time. When an aquifer under a 
condition of steady-state is then pumped, the pumping rate (Q) disrupts the equilibrium and 
places a new stress on the previous stable system. So under natural conditions 0− =R D , while 
under development, however, a perturbation is introduced to the system such that 

( ) ( )' '+ − + − =
dVR R D D Q
dt

                                                       (1) 

where an overbar signifies mean values, the prime signifies changes (perturbations) to the mean 
values, and V is the volume of pumped water removed from the aquifer. Since 0− =R D , the 
above equation becomes 

' '− − =
dVR D Q
dt

                                                                 (2)                                                                 

Indicating that natural recharge and discharge have nothing to do with the water balance of an 
aquifer that is undergoing development. The above equation indicates that pumping is balanced 
by a combination of (1) an increase in recharge, (2) a reduction in discharge, and (3) a loss of 
stored water. If the sum of these three terms is able to match, or exceed, Q, the unconfined 
aquifer can be brought back to a new equilibrium, although one with a lower water table. 
 
The main objective of the research is to develop analytically the condition(s) in which a 
groundwater basin may become unstable during pumping, resulting in a drastic drop in the water 
table. This is in contrast to normal aquifers in which the hydraulic head drops gradually over 
time, and can therefore be managed in real time. The product will likely be a function that a 
water manager could use to determine the conditions that should not be exceeded in order to 
prevent groundwater mining.  
  
Methodology 
I start with a partial differential equation (PDE) for one-dimensional, transient groundwater flow 
with a nonlinear pumping term, where pumping is a function of hydraulic head. This is in 
contrast to “normal” cases where pumping is either constant or a function of time. The nonlinear 
term is a sine function; this is used because its properties can be easily exploited for the analysis. 
More complicated (and possibly realistic) pumping scenarios would be developed in further 
research using numerical simulation. Using an appropriate set of scales, the governing equation, 
boundary, and initial conditions were dimensionless. The boundaries are finite, leading to a 
nonhomogeneous PDE. This equation was made homogeneous by subtracting the slope of the 
initial hydraulic head profile, resulting in an equation with a nonzero, but known, initial 



condition (so that the equation could still be solved analytically). The sine function was written 
as a Taylor series, and a small positive parameter (ε) defining a critical (i.e., drastic) change in 
the character of the solution. A second time scale is introduced into the problem, and the 
dependent variable (hydraulic head) is written out as series in powers of ε. Solutions are 
collected in powers of ε, resulting in a general recursive relationship. 
 
What is left to do is to determine an orthogonality condition for the nonhomogeneous forms of 
the separate, perturbed (in ε) equations. Each of the sub-equations (again, in ε) can then be 
solved in terms of the hydraulic head, and a general, recursive expression is developed that 
includes the higher order powers of ε.  
 
I have been working closely with a mathematics professor (Aleksey Telyakovskiy) at the 
University of Nevada, Reno, on the analysis.  
 
Principal Findings and Significance 
Since the governing equation has not yet been solved, there are no principal findings yet. I expect 
to have the analysis completed before the end of July 2017. The mathematical analysis is about 
80 percent completed, with much of the work occurring after the grant money was spent.  
 
Information Transfer Activities  
Aleksey and I expect to submit a manuscript to a peer-reviewed journal by late August. 
Publication of the work will lead to proposals being written to foundations to continue the work 
for different recharge, discharge, and pumping conditions; the problem will be extended to two 
dimensions, meaning that further work will be largely computational.  
 
Student Support 
I had requested support for an undergraduate student to write scripts to allow computed output 
from a computer program be inputted into open-source software for plotting. The student was 
also to search for groundwater data to be used to evaluate the theoretical results. At the time, I 
thought that I would not be able to complete the project using analytical methods, and would 
instead have to rely on less-optimal computations. I was unable to complete the project under the 
conditions of the contract and am still working on it on my own time. The next phase of the 
project, implementing more realistic parameters will involve either a Ph.D. student or post-
doctoral researcher.    



Uptake of Pharmeceutical and Steroidal Compounds by
Quagga Mussels in Lake Mead

Basic Information

Title: Uptake of Pharmeceutical and Steroidal Compounds by Quagga Mussels in Lake
Mead

Project Number: 2016NV212B
Start Date: 3/1/2016
End Date: 8/31/2017

Funding Source: 104B
Congressional District: NV-01

Research Category: Water Quality
Focus Categories: Water Quality, Toxic Substances, Invasive Species

Descriptors: None
Principal

Investigators: Xuelian Bai, Kumud Acharya

Publications

There are no publications.
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TITLE:                  UPTAKE OF PHARMACEUTICAL AND STEROIDAL 
COMPOUNDS BY QUAGGA MUSSELS IN LAKE MEAD 

Annual Progress Report 

PIs: Xuelian Bai and Kumud Acharya 

Problem and research objectives 

Emerging contaminants have become an increasing concern in the environment due to their 
ubiquitous distribution and potential adverse effects to wildlife and humans. Municipal 
wastewater is a major source of emerging contaminants including steroidal hormones and 
pharmaceuticals and personal care products, where highly prescribed pharmaceuticals, widely 
used antimicrobial products, and naturally occurring hormones are discharged into the sewage 
systems. Conventional wastewater treatment plants cannot remove these organic compounds 
completely, and thus they are frequently detected at trace levels (parts per billion to parts per 
trillion) in wastewater effluents. Surface water sampling programs have shown the presence of 
various types of trace organic chemicals worldwide, and some of the chemicals can be 
environmentally persistent. The Las Vegas Wash receives discharges from four major 
wastewater treatment plants in the Las Vegas Valley and acts as one of the major inflows to Lake 
Mead. The wastewater discharge carrying untreated trace organic chemicals travels through the 
Las Vegas Wash and ends up in Lake Mead eventually.  

Quagga mussel (Dreissena bugensis) is an aquatic invasive species that has spread in Lake 
Mead, the Lower Colorado River, and other connected waterways. Lake Mead exhibits year 
round warm temperatures, high calcium levels and a lack of natural predators, all of which are 
strongly favorable conditions for their growth and spread. Quagga mussel is likely exposed to the 
trace organic chemicals in Lake Mead via water or the food chain. The uptake and 
bioaccumulation of trace organic chemicals in quagga mussels are poorly understood so far, and 
the role that quagga mussel plays in the removal and food-web transfer of trace organic 
chemicals in the aquatic ecosystem is still unclear. Therefore, the goal of this proposed research 
is to understand the uptake rates and pathways of trace organic chemicals by quagga mussels in 
the Lake Mead ecosystem.  

This research will provide crucial information of the exposure routes and ecological effects 
of trace organic chemicals in Lake Mead. Also, this research will help evaluate the health of the 
aquatic ecosystem in Lake Mead by addressing the impacts of trace organic chemicals on the 
non-target species, quagga mussel. The objectives of this research are: 1) to measure the 
concentrations of a suite of trace organic chemicals in water and quagga mussels collected from 
different locations in Lake Mead; 2) to determine the uptake rates of the target trace organic 
chemicals by quagga mussels; and 3) to clarify the exposure pathways of the trace organic 
chemicals in a lake ecosystem, either via water directly or via the food chain (i.e., algae feeding). 



2 
 

Methodology 

1. Quagga mussel and water sampling 

Quagga mussels were collected from Lake Mead Marina (36°01’45.5”N, 114°46’19.4”W) 
on January 9, 2017 at 3 feet, and from Las Vegas Bay (36°06’06.1”N, 114°48’59.8”W) and 
Boulder Island (36°02’13.8”N, 114°46’03.1”W) on February 14, 2017 at 40 feet (Figure 1 and 
Table 1). Mussels were rinsed with lake water and placed in ventilated containers filled with lake 
water and transported to the laboratory immediately. Mussels between 12 mm and 20 mm were 
considered adults, and the adult mussels were deshelled. Approximately 10 g (wet weight) of 
mussel tissue from each sampling location was obtained and kept frozen at -20 °C until further 
analysis.  

Lake Mead water was collected from the same sites mentioned above in duplicate using 1 L 
amber glass bottles preserved with sodium azide (1 g/L) and ascorbic acid (50 mg/L). The water 
samples were kept at 4 °C in the laboratory until further analysis. Additionally, lake water was 
collected from Lake Mead Marina in 10 gallon cowboys and filtered using a 35 µm mesh filter to 
remove plankton, sediment, and large pieces of algae. The filtered water was stored in aerated, 
lightly covered five gallon buckets in the laboratory for further uses. Mussels collected from 
Lake Mead Marina were kept in an aquarium tank filled with the filtered lake water to acclimate 
to the laboratory conditions at room temperature for a week. The aquarium was aerated and fitted 
with sponge filters and exposed to 12 h of light and 12 h of darkness to maintain normal algae 
growth.  

 
Figure 1. Map of sampling sites in Lake Mead, Nevada. 
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