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ABSTRACT

Transport of Perchlorate in Las Vegas Wash and Lake Mead

by

Manjula Roshan Boralessa

Dr. Jacimaria R. Batista, Examination Committee Chair
Assistant Professor of Environmental Engineering
University of Nevada, Las Vegas

This thesis investigates the fate of perchlorate in the Las Vegas Wash and Lake
Mead resulting from the long-term contamination by the manufacturing of rocket fuels
in Henderson, Nevada. The changes in perchlorate concentrations for the Las Vegas
Wash and Lake Mead were investigated for the last 10 years by analyzing frozen water
samples. An attempt was made to model the transport of perchlorate along the Wash,
and to observe the transport and mixing of perchlorate within the Lake. Statistical
analyses were performed to observe seasonal variations in perchlorate levels within the
epilimnion, metalimnion and hypolimnion layers of the Lake, and to correlate
perchlorate levels with total dissolved solids concentrations. Investigation showed that
multiple sources contribute to the perchlorate contamination in the Wash. Perchlorate
ievels had increased significantly from 1995. Lake stratification strongly influences

perchiorate levels within each thermal layer; lake storage level is less significant.
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CHAPTER 1

STATEMENT OF THE PROBLEM
1.1 Introduction
The Lake Mead/Colorado River system is one of the highly utilized water
systems in the USA. The combined system provides drinking water to over 22 million
individuals in the Western United States, irrigation water for agriculture, and provides
ample recreational opportunities (LaBounty and Horn, 1997). The recent discovery of
perchlorate (ClOs") in Lake Mead and downstream sections of the Colorado River
System has generated considerable interest in the investigation of its occurrence, fate and
transport. Perchlorate is of environmental concern because it is known to affect the
thyroid gland by inhibiting the uptake of iodine into the gland. Studies are currently
underway to further investigate the health effects of perchlorate on humans and the
environment (EPA, 1999). Perchlorate is a highly water-soluble and non-volatile
substance. These properties increase its mobility and its persistence in the natural
environment. The current drinking water standards do not regulate perchlorate in water
supplies. However, California has set an advisory standard of 18 ppb. The EPA has
recently set a provisional level of 32 ppb for drinking water (EPA, 1999).
Groundwater contamination by perchlorate in Nevada is a direct result of the

disposal of process effluents by perchlorate manufacturing industries located in
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Henderson, Nevada. Manufacturing of perchlorate was started by the former Pacific
Engineering & Production Company of Nevada (PEPCON) in 1958, and continued until
it was destroyed by an explosion in May, 1988. Production at a second plant has been
carried out from 1945 to the present. Kerr-McGee Chemical Corporation (KMCC)
currently operates this plant. During this period, considerable amounts of process
effluents have been discharged by both plants into unlined surface drainage channels that
conveyed the effluents into a series of unlined evaporation ponds. As a result of
continuous percolation of perchlorate contaminated water into the underlying aquifer, the
groundwater in the vicinity of the industrial complex has been contaminated.
Groundwater obtained from some of these monitoring wells has contained perchlorate
levels as high as 18,000 ppm (Broadbent & Associates, 1998).

The contaminated groundwater seeps into the Las Vegas Wash (LVW) that runs
approximately 3 miles north/northeast of the site. The LVW is the major drainage
channel in the Las Vegas Valley. It originates from the Spring Mountains, and flows
along the valley bottom into Lake Mead. The wash receives treated effluents from the
three wastewater treatment plants, as well as storm water runoff, and return groundwater
flow. The perchlorate-contaminated groundwater seeps into the Wash in the BMI area.
The contaminated seepage contains about 100 ppm perchlorate. In the Wash, the
perchlorate concentrations vary from 9 ppb to about 750 ppb depending on the location.
Perchlorate concentrations of 10-20 ppb have been detected in the water intake area for
Las Vegas, and in the Hoover Dam release area of Lake Mead (EPA, 1999). The
pollutant is carried ultimately into the Colorado River System via the Hoover Dam

release of Lake Mead (Figures 1.1 and 1.2).
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Figure 1.1: Lake Mead and Las Vegas Wash System (Source: Modified from SNWA, 2000)
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Figure 1.2: Surface Drainage System in the Project Area
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1.2 Objectives

Groundwater quality investigations have been carmed out within the
contaminated site during the last four years, as an effort to investigate the fate of
perchlorate underneath the BMI contaminated site. However, there is relatively little
known about the fate and transport of perchlorate within the LVW and Lake Mead.
Better understanding of the fate and transport of perchlorate in this area will certainly
assist with implementing remedial measures.

This Thesis investigates the transport of perchlorate from the seepage in the BMI
area through the Las Vegas Wash, and into Lake Mead. For this study, current and past
perchlorate concentrations in the wash and the lake were investigated. The past
perchlorate concentrations were obtained by analyzing frozen water samples from the

Wash and the Lake. The specific objectives of this research are as follows:

1. To document past perchlorate concentrations of Lake Mead and Las Vegas Wash by

analyzing frozen water samples.

(35

Investigate the sources of perchlorate contamination in the Las Vegas Wash.
3. To model the transport of perchlorate from the contaminated site through the Las
Vegas Wash using finite difference modeling.

4. Investigate temporal and spatial variations of perchlorate in the Wash and the Lake.
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CHAPTER 2

BACKGROUND

2.1. Properties and Characteristics of Perchlorate

Perchlorate anion (ClOy) is a non-volatile oxidizing anion, which originates from
the dissociation of solid salts in water. In the solid state, it posses nearly a perfect
tetrahedral geometry (Schilt, 1979). The most common sources of perchlorate are
perchloric acid (HC1O4), ammonium perchlorate (NH4C10,), and metal perchlorates such
as Li, Na, K, Rb and Cs. In addition, perchlorate also exists as organic, inorganic and
halogen compounds. Several hydrates of perchloric acid also exist. Except for
potassium perchlorate, most other perchlorate salts are readily soluble in water.

Perchloric acid is extremely acidic and displays high oxidizing strengths towards
active metals and also when both hot and concentrated. Ammonium perchlorate, which
is the most widely used form of perchlorate in the world, is an extremely reactive, shock
sensitive, and highly explosive. In its solid form, ammonium perchlorate has colorless
rhombic, orthorhombic, and white crystal structures with a specific density of 1.95
(Prager, 1997). This has a high water solubility of 24.922 g/ 100 g of water at 25° C, and
dissociates into its ionic constituents readily. Ammonium perchlorate is considered to be
thermally stable below 110° C, decomposes at 130° C, and explodes at 380° C (Schilt,

1979). However, it is not considered to be persistent in the environment, and can
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be reduced biologically to chlorides (Zhang, 2001). The rate of breakdown in the natural
environment depends on many factors, and therefore, under many conditions perchlorate
could persist in the natural environment for decades. The existence of perchlorate in the
BMI Complex in Henderson, Nevada for several decades after the initial contamination,
is a strong example for this behavior.

The most predominant characteristic of perchlorate is its explosive and
flammable tendency. The most hazardous compounds in terms of explosive nature are
those that are sensitive to heat or shock. Some of the most predominant compounds are
silver perchlorates, fluorine perchlorates, and perchlorate esters of aliphatic alcohols
(Schilt, 1979). Covalent perchlorates such as organic perchlorates and certain heavy
metal perchlorates are also extremely explosive (Schilt, 1979). Some perchlorates, for
example monohydrates, which are considerably stable under most conditions, tend to be
extremely explosive when in contact with organic matter.

Several violent explosions had been caused during the production and usage of
perchlorate in the past. One of the most violent reported explosions occurred in Los
Angeles, California on February 20, 1947 that caused the death of 17 persons. The
explosion occurred during the introduction of a plastic holder to a mixture of perchloric
acid and acetic anhydride contained in a stainless steel tank fitted with a refrigeration
system that had been shut off at the time of the explosion (Schilt, 1979). A second
accident occurred in the former PEPCON plant in Nevada on May 4th, 1988 during the
production of ammonium perchlorate. This accident took the lives of two individuals

and injured about 350 (Committee on Science, Space and Technology, 1988). The shock
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waves of this explosion were felt like a mini nuclear explosion, toppled cars and were
even detected in California.

Due to its explosive nature, it is generally recommended not to store most
perchlorate compounds for extended periods of times, and they should be prepared only
when needed. Therefore, it has been a common practice to discard surplus batches and
imperfect mixtures. Further, the perchlorate contained in missile and rocket inventory

has to be replaced with fresh supplies due io its short shelf life.

2.2 The Major Applications of Perchlorate

Perchlorate was first synthesized by Von Stadion in 1816 using a vacuum
distillation of a mixture of sulfuric acid and potassium chlorate with saturated aqueous
solution of chlorine dioxide by electrolysis (Prager, 1997). Subsequently, several other
processes were developed. However, the next important contribution was made by G.S.
Serullas, who synthesized ammonium perchlorate, and several other metal perchlorates
in 1830’s. The first commercial production of perchlorate was initiated in Sweden in
1893, and was later spread to other European countries and USA. The production
increased drastically during World Wars I and II. The application of ammonium
perchlorate as a solid rocket fuel was discovered in the 1940’s that gave a considerable
boost to its production.

Ammonium perchlorate (AP) serves as an oxidizer in solid rocket fuel. During
the manufacturing of rocket fuels, a raw fuel ingredient is mixed with an oxidizer (AP) to
a specific recipe to form the propellant. Metallic particles such as magnesium are often

used as the raw fuel ingredient (Committee on Science, Space and Technology, 1988).
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The mixture is loaded into the rocket after further processing. Due to its strong reducing
power AP can undergo a variety of reactions that lead to the release of many gaseous
products, which provides a considerable thrust during reaction.

Today, perchlorate is widely known for its used in the aerospace and military
industry as a major component in rocket fuel and explosives, and is primarily
manufactured in the form of ammonium perchlorate (NH4ClO,). The largest users of AP
in the United States are the National Aeronautics and Space Administration (NASA) and
the U.S. Air Force. For example, a single space flight test requires over 1.7 million
pounds of ammonium perchlorate (Committee on Science, Space and Technology,
1988).

The other major users are the Army, Navy, and industries. Some of the large-
scale industrial uses are in nuclear reactors, electronic industry, components of air bag
inflators, lubricating oils, tanning and fabric industries, electroplating, aluminum
refining, rubber manufacturing, paints and enamels (EPA 1999 and Prager, 1997).
Ammonium perchlorate is also used as an etching agent, animal fattening agent,
engraving agent, in fireworks and in several industrial processes.

Potassium perchlorate has been widely used in the medical field to treat thyroid
disorders. One such example is the application for the treatment of patients with Grave
diseases that results from the over production of growth hormones by the thyroid gland.
In such cases potassium perchlorate has been given as a competitive inhibition substance
to iodine, which reduces thyroidal activity. Although this practice no longer exists,

potassium perchlorate is still used diagnostically to monitor the function of the thyroid

hormone.
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2.3 Occurrence of Perchlorate

Initially perchlorate was considered only as an artificial substance. In 1958
Becking et al. reported the discovery of perchlorate in the sea. Their studies reported
concentrations between 10 to 10,000 ppm. However, several other independent groups
have later refuted this study. One such investigation was the study conducted by
Greenhalgh and Riley in 1960 (cited in Schilt, 1979), who analyzed seawater samples
from 30 locations spanned from the Northern and Southern hemispheres. There were no
detectable levels of perchlorates in their samples. Another investigation was carried out
by Johannesson in the seawater samples taken off the coast of New Zealand in 1960.
There was no evidence for perchlorate in these samples as well. The main reason for the
initial inaccurate findings is believed to be caused by the limitations in the analytical
capabilities of the detection method adopted during this period (Schilt, 1979). Low
levels of perchlorate have been detected in raw materials used for the manufacturing of
fertilizers in Chile. However, a recent study conducted on 45 products that are used in
agriculture, horticulture and retail markets demonstrated that the contribution of
fertilizers as a perchlorate contaminant source to be insignificant (Susarla et al, 1999).
During this study, perchlorate was only detected in sodium nitrate fertilizers derived
from Chilean caliche; none of the others showed perchlorate levels beyond the detection
limit.

Until 1997, the occurrence of perchlorate could not be adequately investigated
due to the unavailability of sensitive detection methods. During this period the lowest
detectable threshold level for perchlorate was 100 ppb. Most widespread occurrences

went undetected since the concentrations were much below the minimum detection limit.
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In 1997, the California Department of Health Services developed a new analytical
method to detect perchlorate concentrations as low as 4 ppb. With the development of
this technique, it was possible to identify many contaminated water bodies that had gone
undetected before. Since then, perchlorate has been found in water supplies of
California, Nevada, and Arizona that supply water to over 15 million people (EPA,
1999). Perchlorate also has been detected in several other states: AR, IA, IN, KS, MD,

NM, NY, PA, TX, UT, and WV (EPA, 1999).

2.4 Health and Toxicological Effects of Perchlorate

The existing knowledge on the toxicological and health effects of perchlorate is
very limited. The most predominant health risk is the explosive and flammable
tendency. Exposure to perchlorate at high concentrations is considered to be irritant to
skin and mucous membranes (Prager, 1997). However, the health and toxicological
effects of long-term exposure of perchlorate at low concentrations are poorly understood.
Existing data show its potential to affect thyroidal hormone production; however there
are no strong supporting data to evaluate the dose-response for the effects on the thyroid,
developing fetuses, and other target tissues (EPA, 2000). The only available human
health studies are the clinical reports from the patients treated for Grave’s disease. The
patients who were administered potassium perchlorate to treat excessive thyroidal
activity developed skin rashes, sore throat, gastrointestinal irritation and showed
hematological effects (Mayer, 2000). Another reason of concern is the limited

understanding of the effects of perchlorate on sensitive groups such as small children,
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elderly, individuals with chronic health problems, and on fetuses. Further, there is
limited information available on the ecological impacts of perchlorate.

An Interagency Perchlorate Steering Committee has been formed consisting
representatives from the EPA, Department of Defense, Agency for Toxic Substances and
Disease Registry, National Institute for Environmental Health Sciences, local
government agencies, and affected Tribal communities (EPA, 2000). The main mandate
of this committee is to promote and coordinate studies on the occurrence, health effects,
treatment technologies, and ecological impacts of perchlorate in the USA. Currently,
EPA is evaluating the toxicological and the human risk assessment studies, and the

results are yet to be published (EPA, 2000).

2.5 Regulatory Perchlorate Levels

Currently, there is no federal National Primary Drinking Water Regulation level
for perchlorate. However, perchlorate has been listed in the EPA’s Safe Drinking Water
Act’s Contaminant Candidate List (EPA, 1999). EPA had established a provisional
perchlorate reference dose (FRD) range of 4-18 ppb based on the information available
in 1992 and on revised data of 1995 (EPA, 1999). To establish the dose the EPA
considered a standard body weight (70 Kg) and a daily water consumption level of 2
L/day. EPA has also established a drinking water equivalent level (DWEL) of 31.5 ppb,
based on the above criterion, assuming perchlorate is consumed only from drinking
water. Besides the above EPA levels, several state agencies have recommended

perchlorate levels. These levels are summarized in Table 2.1 below.
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Table 2.1: Action Levels Adopted for Perchlorate by Several States

Agency/Year Purpose Perchlorate Level

California Department of Health Services | Provisional Action Level | 18 ppb

(CDHS), (1997) in public water supplies
Nevada Department of Environmental Recommended Temporary | 18 ppb
Protection, (March, 1999) Action Level for cleanup

Arizona Department of Health Services, | Provisional Health Based | 32 ppb
(March, 1999) Guidance Level
(Source: Modified from EPA, 1999)

2.6 Perchlorate Production in Henderson, Nevada

Two perchlorate production facilities operated in the area. One of them is the site
that is currently referred to as the Kerr-McGee Chemical Corporation (KMCC) facility.
This facility is located within the Basic Management Industrial (BMI) Complex, and has
been operated since 1945. Three perchlorate manufacturers operated this facility since
1945, including the present facility operator, KMCC. The other facility is the Pacific
Engineering & Production Company of Nevada (PEPCON) plant. This facility is located
outside the BMI complex, and had been manufacturing perchlorate from 1958 until it
was destroyed by an explosion in May, 1988. Before the explosion, the PEPCON plant
was manufacturing approximately 10,000-15,000 tons of ammonium perchlorate
annually; the annual production for KMCC plant was 16,000-18,000 tons per year
(Committee on Science, Space and Technology, 1988). The entire ammonium

perchlorate demand for the USA and the “Free World” was supplied by these two

facilities.
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2.6.1 BMI Complex Site Location

The BMI complex is located in Henderson, Nevada approximately 13 miles
southeast of Las Vegas (Figure 2.1). The BMI Complex houses many industries,
including the KMCC facility. The City of Henderson is immediately to the east-southeast
of the site. There are several residential communities located within one-two miles from

the complex. The Las Vegas Wash runs approximately 3 miles from the site.

‘Las Vega® Wash %w

L d
RO

Lake N\le\ad R
Drive~g\, %, -
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~ Beta Dltch“-
Alpha Ditch

Figure 2.1: The BMI Complex and KMCC Site (Source: Modified from KMCC, 2000)
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2.6.2 History of the BMI Complex

The BMI complex was originally developed by the United States Government as
a magnesium production facility on July 5, 1941. The location of the site was chosen
based on the availability of a large magnesium ore deposit within a reasonable distance,
and the availability of water and power in the region. The production of magnesium
continued for approximately two years until it was shut down on November 15, 1944
(Geraghty & Miller, 1993). However, the production of several other industrial
chemicals continued under different management arrangements.

The next significant change came in 1945 when Western Electrochemical
Company (WECCO), a privately owned company, acquired the operation of a section of
the US Government site (present KMCC site). WECCO produced various chemicals
ranging from sodium chlorate, potassium chlorate, potassium perchlorate, ammonium

perchlorate and manganese dioxide (KMCC, 1980; Kleinfelder, 1993).

2.6.3 PEPCON Facility Operations

PEPCON began manufacturing of ammonium perchlorate in 1958. This plant
was destroyed on May 4th, 1988 by an explosion. The site is located at the northeast
intersection of Gibson Road and Lake Mead Drive in Henderson, Nevada. The distance

to the Las Vegas Wash is approximately 4 miles. Figure 1.2 shows the location of the

PEPCON facility
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2.6.4 Production of Perchlorate at the KMCC Site

Production of perchlorate at the present KMCC site was initiated with the
acquisition of section of the Government Site by WECCO. Initially the plant was
operated solely for the Department of Navy; but in 1946 production of chlorates and
perchlorates were also started for the commercial market (Kleinfelder, 1993). WECCO
operated the plant from 1945 to 1955. In 1955 American Potash and Chemical
Corporation (AP & CC) acquired the operation of the site through an agreement reached
with WECCO. AP & CC operated the plant from 1955 until 1967. In 1967 Kerr-McGee
Chemical Corporation (KMCC) began the operation of the facility. In addition to the
chemicals produced by the predecessors, KMCC introduced six new chemicals into the
final production process, including sodium perchlorate, magnesium perchlorate, and
sodium chlorate (Kleinfelder, 1993). Although, sodium perchlorate has been produced
since 1945, it has been primarily used as feed stock for the ammonium perchlorate and
potassium perchlorate production (Kleinfelder, 1993). The activities of the perchlorate
manufacturing industries are summarized in Table 2.2. According to these data, the total

amount of perchlorate production within the KMCC facility could be estimated as

343,027 tons.
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Table 2.2 Estimated Perchlorate Production within the KMCC Site

Company | Potassium Ammonium Magnesium Sodium
Perchlorate Perchlorate Perchlorate Perchlorate
Amount | Perio Amount | Period Amount Period Amount | Peniod
(tons) d (tons) (tons) (tons)
WECCO 10,402 | 1945- 7,142 1951- none none Period
1955 1955
AP&CC 3,142 1956- 83,240 1956- none none
1967 1967
KMCC 8,762 1967- | 214,776 1967- 744 1969- 14,819 1968-
’ 1982 1993° 1976 1993
TOTALS | 22,306 305,158 744 14,819

The quantities shown above apply for the final products only; intermediate quantities are not included.
“The production was continuing at the time of publication of the source document in 1993.
(Source: Adapted from KMCC, 1980; KMCC, 1984; Kleinfelder, 1993)

2.6.5 Perchlorate Manufacturing Process at the KMCC Facility

Production of sodium chlorate was the first step in the manufacturing of
perchlorates. Sodium chloride was dissolved in water, and then was converted to sodium
chlorate using electrolytic cells. Initially, 1,300 Schumacher electrolytic cells were used
for chlorate production; but in 1989 they were replaced by 24 Krebs cells (Kleinfelder,
1993). The main production process is illustrated in Figure 2.2. Pure sodium chlorate
was separated from the brine solution by crystallization. The facility had a maximum
production capacity of 32,000 tons of sodium chlorate per year initially. A small portion
of the compound was removed as a finished product, and the balance was re-dissolved to
make the feedstock to produce sodium perchlorate.

The production of sodium perchlorate was carried out by oxidizing sodium
chlorate, using electrolytic cells. The main raw materials used in the process included
water, hydrochloric acid, soda ash, cellulose filter aid, diatomaceous earth, and sodium
dichromate. The batches that did not meet the desired specifications were redissolved

and returned to the production process (KMCC, 1987). The reactions were carried out
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by a batch process, and the process equipment included electrolytic cells and extemnal
holding tanks (Kleinfelder, 1993). The main waste stream included filter material and
cell bottoms.

Sodium perchlorate was used as the feedstock for the production of potassium
perchlorate. First, solid potassium chloride was dissolved in hot water. Then, the
solution was filtered and added to a crystallization tank containing sodium perchiorate.
The formation of potassium perchlorate occurs almost immediately. The mixture was
cooled, and potassium perchlorate crystals were recovered by a primary centrifuge. The
recovered crystals were washed and dissolved again. The solution was fed into a
secondary centrifuge and then into a gas-fired rotary dryer for recovery. The crystals
were then processed for shipment. The production process also had a recovery system to
recycle the fines back into the crystallizer.

Production of ammonium perchlorate was carried out by reacting sodium
perchlorate with ammonia and hydrochloric acid. Ammonium perchlorate crystals were
recovered by a centrifuge. The recovered crystals were washed and dissolved again. The
solution was fed into a concentrator and secondary centrifuge that had been placed in
drying building. The product was subjected to several physical and chemical processing
steps prior to shipping depending on the individual customer requirements.

Production of magnesium perchlorate was carried out with the reaction of
magnesium carbonate with ammonium perchlorate, using steam condense as a liquid

carrier (Kleinfelder, 1993).
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Sodium Chloride, Hydrochloric Acid, Sodium Dichromate,
Strontium Carbonate, Diatomaceous Earth, Filter Aid,
Graphite, Soda Ash, Water, Urea, Sodium Hydroxide

Potassium
Chiorate

NaClO; + KC1 => KCIO, + NaCl

Reaction by mixing/heating

'

NaCl + H,0 => NaClO; + H,
Electrolysis

Sodium Chlorate

NaClO; + H,0 => NaClO; + H,
Electrolysis

Sodium Perchlorate

NH,CIO, + NaCl

Potassium Perchlorate

Hydrochloric Acid, Cellulose Filter
Aid, Diatomaceous Earth, Sodium
Dichromate, Soda Ash. Water

Anhydrous Ammonia, Hydrochloric
Acid, Cellulose Filter Aid,
Diatomaceous Earth
Tricalcium Phosphate, Soda Ash,
Caustic Soda, Hydrogen Sulphide

NaClO, + NH; + HCl =>

Magnesium Carbonate,
Water, Hydrogen

Ammonium Perchlorate Chloride, Barium

Magnesium Perchlorate

NH,CIO, + MgCO;=> Mg(CIO, ),+

Hydroxide

NH,CO;

Figure 2.2: Raw Material Usage in the Production of Perchlorates
(Modified from Kleinfelder, 1993; KMCC 1984, KMCC, 1979).
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2.6.6 Production of Perchlorate at the PEPCON Plant

There is relatively limited information available on the manufacturing process of
perchlorate, waste generation and disposal at this facility. This could be due to the fact
that this plant was destroyed before the discovery of perchlorate in the Colorado River
Samples in1997, and also the majority of the records kept by PEPCON could have been
destroyed during the explosion. Before the explosion, the PEPCON plant was
manufacturing approximately 10,000-15,000 tons of ammonium perchlorate annually
(Committee on Science, Space and Technology, 1988). It is known that PEPCON

utilized a different production technology to manufacture ammonium perchlorate.

2.6.7 Perchlorate Waste Disposal at KMCC

The perchlorate process effluents were discharged into a surface drainage system
that carried the effluents into a series of evaporation ponds. Perchlorate solid wastes have
also been disposed at the BMI and the Hazardous Waste (H.W.) landfills. The major

recipients of perchlorate wastes are given in Table 2.3, and are shown in Figure 2.1.

Table 2.3: The Major Waste Recipients for KMCC

Waste Recipient Period

BMI Ponds 1945 101976
e Trade Effluent Ponds

o Upper and Lower Ponds

S-1, Old P-2 and P-1 Ponds 1976 to 1983

AP-1-5 Ponds 1974 onwards

BMI Landfill 1943 to 1980

KMCC Hazardous Waste Landfill 1980 to January 1983

(Modified from Kleinfelder, 1993).
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In addition to the direct disposal of perchlorate wastes, groundwater

contamination could have also occurred by the following means:

1. Infiltration from the surface Drainage System (Beta, Alpha, Western, and the
Northwest Drainage Ditches, and the Western Trench System)

2. Temporary perchlorate material/waste storage pads.

3. Leaks in liquid perchlorate transport pipe system among plants.

4. Material handling within perchlorate manufacturing buildings.

The Beta Ditch (Figure 2.1) was the main surface channel that was used for the
transport of perchlorate liquids from the perchlorate manufacturing in the KMCC site
from 1941 to 1976 (Kleinfelder, 1993). Perchlorate liquid wastes were disposed into
BMI unlined ponds, and several on-site leachbeds until 1976 via the Beta Ditch. During
the mid 1970’s these were gradually replaced by a combination of lined ponds, BMI
Dump, Sanitary Landfill, and H.W. Landfill (Kleinfelder, 1993). Several operational and
process modifications were carried out to reduce the generation of wastes, waste
recovery and waste disposal. In 1976 the facility achieved “ Zero Discharge * status.
The “ Zero Discharge” referred here implies that no process water or liquids was allowed
to flow out from the site property or into the natural environment. There could have been
other pathways for contaminants to migrate into the natural environment. For example,
it is possible that perchlorate could have migrated into the natural environment via the
solid wastes, as the unlined BMI Landfill has been used to dispose solid residue from the

lined ponds. Perchlorate waste disposal information is summarized in Table 2.4 below:
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Table 2.4: Summary of Perchlorate Disposal Information for KMCC

Waste Type/Process | Source Period Disposal
Sodium Perchlorate | filter cakes, cell 1951-1976 BMI Ponds
bottoms 1976-1983 S-1, P-1 and Old P-2 Ponds
Potassium filter cakes, 1945-1976 BMI Ponds
Perchlorate 1976-1983 S-1 and P-1 Ponds
1980-1983 KMCC Hazardous Waste

Landfill

Magnesium filter cakes and 1969-1976 BMI Ponds

Perchlorate process area washing | Mid 70’s to 1976 { S-1 and P-1 Ponds

Ammonium filter cakes and 1951-1974 BMI Ponds

Perchiorate process washing 1974 onwards AP-1,2,3 Ponds and
recycling

(Modified from Kleinfelder, 1993).

2.6.8 The Major Components of the KMCC Perchlorate Disposal System
BMI Drainage Ditches:

As stated above, the Beta Ditch was the primary mode of transport of perchlorate
liquids during the initial stages of the perchlorate production. The Beta Ditch was
originally constructed by Basic during the early 1940’s to convey process wastewater
into the Upper and Lower BMI ponds. This drainage system was unlined, and had an
average width of approximately 6-7 feet; the average depth was between 2-4.5 feet
(Geraghty & Miller, 1993). As shown in Figure 2.3, the ditch originates from the Sixth
Street storm sewer outfall within the KMCC property, and extends towards east beyond
the KMCC property running undemeath the Boulder Highway. WECCO, AP&CC and
KMCC used this drainage system to convey salts, filter cakes and other liquid wastes to
BMI ponds from 1945 to 1975. The average daily discharge of the Beta Ditch was
approximately 600,000 gallons per day (KMCC, 1980). The average composition of

this waste stream is shown in Table 2.5.
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Table 2.5: Average Loading of Contaminants into the Beta Ditch

Constituent Mass Loading Constituent Mass Loading
(Ib/day) (Ib/day)
Total Dissolved Solids 19,100 Magnesium 150
Total Solids 20,200 Zinc 130
Suspended Solids 1,080 Manganese 1,800
COD 110 Nickel 8
NH; 35 Lead 4
Calcium 2000 Copper 4
Iron - 1,100 Cobalt 1.5
Potassium 1,200 Chromium 0.3
Sodium 5,000 Phosphorus 4

Note: This is the average composition before 1976.
(Source: KMCC, 1980; Kleinfelder, 1993).

BMI also utilized Alpha Ditch, Northwest Drainage Ditch, the Western
Trench System, and the Western Drainage Ditch for conveyance of effluents, and for
surface drainage management. The Alpha Ditch was primarily utilized to convey storm
water and non-contact process water from the northwestern sections of the BMI complex
to the Las Vegas Wash (Geraghty & Miller, 1993). The Western Drainage Ditch was
originally a natural surface water channel, but was later converted by the U.S.
Government to convey effluents from the Basic operations. There is limited information
available on the actual use of this ditch. The documented information states that this
ditch was utilized only by non-perchlorate manufacturing industries (Geraghty & Miller,
1993). However, the Northwest Drainage Ditch had been used by KMCC on occasional
basis; but these discharges were small, infrequent and had been limited primarily to
excess storm-water (Geraghty & Miller, 1993). There is no reported use of this ditch for
the discharge of perchlorate process wastes. The Western Trench System was a series of

trenches that had been constructed along the north-northeast direction. They were
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connected to the Western Drainage Ditch. There is reported use of this system for the

disposal of perchlorate wastes (Kleinfelder, 1993).

BMI Ponds:

The first four BMI ponds (Trade Effluent Disposal Ponds) were constructed for
the discharge of effluents from the magnesium production by Basic under the contract
with the U.S. Government. Each pond was approximately 79 acres in extent and had an
average liquid level depth of 7.5 feet, which gave an overall capacity of 590 acre-feet
(Geraghty & Miller, 1993). The ponds were constructed by forming 20 foot high earthen
dikes. The Upper and Lower BMI ponds were constructed by Basic soon after the
construction of the Trade Effluent Disposal Ponds by 1943, as the existing ponds were
unable to meet the disposal capacity. The Upper Ponds are located east of the town of
Pittman near the BMI Complex; and the Lower Ponds are located approximately 0.5
miles south of the Las Vegas Wash and approximately 0.5 mile north and down gradient
of Pittman (Geraghty & Miller, 1993). The Lower Ponds consist of a combination of
various small cells with a combined area of approximately 430 acres, which followed the
natural grade of the existing site elevation. The Upper Ponds have a combined area of
approximately 915 acres (Geraghty & Miller, 1993). All these ponds, constructed prior
to 1976, were unlined and the primary modes of disposal were via evaporation and
infiltration.

During the operation period, WECCO and AP & CC disposed an unknown
quantity of perchlorate process wastewater in these ponds. Perchlorate quantities were

not measurable since the majority of the waste was in the liquid form (Kleinfelder,
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1993). The existing documentation does not provide the specific ponds that received
these waste streams individually. KMCC also used the BMI ponds to dispose perchlorate
process wastewater until they were replaced by onsite lined ponds.

The existing documentation shows that the majority of the wastewater was
discharged into the Upper BMI ponds. The available documentation does not specify
which.ponds received the wastes, and also does not state the exact quantity of the solid
perchlorate wastes. The total amount of perchlorate containing wastes discharged into the
BMI ponds is estimated to be 293,756 tons (Jacobs, 1987). The exact quantity of pure
perchlorate within these wastes is not known. However, based on information known
about the perchlorate production process (Kleinfelder, 1993), a majority of the waste-
stream was comprised of used filter material, and there was relatively little amount of

perchlorate when compared to the other waste products (diatomaceous earth, etc.).

KMCC On-site Ponds:

Discharge of industrial process effluents into the BMI Upper and Lower ponds
continued until late 1976.  With the enactment of the Water Pollution Control
Amendments Act of 1972 (also known as the Clean Water Act), BMI industries had to
restrict the use of unlined BMI ponds as a disposal option. The companies were forced
to take actions to limit the use of these ponds. This was achieved by constructing lined
ponds within individual industrial properties and making modifications to the production
processes.

In May 1974, KMCC introduced process modifications to accommodate

recycling of the process wastewater from the perchlorate manufacturing process. Three
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surface impoundments (SI) named AP-1, AP-2 and AP-3, were constructed in May 1995,
to temporarily store and concentrate perchlorate process liquids (Kleinfelder, 1993). The
term AP stands for Ammonium Perchlorate. The concentrated solutions were recycled
back to the process. Two additional ponds were added to this system. The dried residue
from these ponds had been disposed at the BMI Landfill, shipped off site as recyclable
material and also had been disposed at the U.S. Ecology, Inc. site, Beatty, Nevada
(Kleinfelder, 1993). All these SIs contained single and multiple impermeable basal

liners. The major features of these ponds are summarized in Table 2.6 below.

Table 2.6: Major Characteristics of the Ammonium Perchlorate Ponds

SI Lining System Capacity Major Use
AP-| 40 mm double HDPE | 14,000 ft* Temporary storage of sodium perchlorate
liner system 370,000 gal | and ammonium perchlorate process
solutions. Used altematively with AP-2
AP-2 single PVC liner 14,000 ft* | Temporary storage of sodium perchlorate
400,000 gal | and ammonium perchlorate process
solutions. Used alternatively with AP-1
AP-3 40/60 mm double 2,000 ft* | Used as a pump basin for liquid wastes
HDPE liner system 65,000 gal | stored in AP-1 and Ap-2
AP-4  [40/60 mm double 20,000 ft* | Served as a surge basin for ammonium
HDPE liner system 720,00 gal | perchlorate process liquid wastes.
AP-5 40/60 mm double 35,000 ft* | Flows from the ammonium perchlorate
HDPE liner system 1,817,000 gal { cooling towers.

(Modified from KMCC, 1990; Kleinfelder, 1993).

KMCC operated several lined SIs for the disposal/storage of industrial process

wastes. S-1, Old-P-2 and P-1 ponds were utilized for the discharge of perchlorate process
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wastes. Table 2.7 provides a summary of these ponds. In addition to the above ponds,

KMCC also operated C1, MN-1, WC-1, WC-2, P-3 and the New P-2 ponds for the

discharge of various other effluents. There was no recorded use of these ponds for the

discharge or the storage of perchlorate process liquids.

Table 2.7: Major Features of the P-1, Old P-2 and S-1 Ponds.

)|

Operation

Wastes Received

Capacity

Remarks

S-1

1972-
1983

potassium chlorate,
potassium perchiorate,
and

sodium perchlorate,
wastes.

47,000 fr
2,000,000 gal

Constructed from a single 20
mil PVC.

After closure bottom liners and
solids were deposited in the
KMCC hazardous waste landfill
Possible liner failure in 1980.

1972-

potassium perchlorate,
and
sodium perchlorate

26,000 f*
700,000 gal

Constructed from a single 20
mil PVC.

Relined in 1980 after the
original liner failed in 1980.
After closer bottom liners and
solids were deposited in a non-
hazardous waste landfiil.

Had evidence of leaking.

Oold

1972
onwards

Sodium perchlorate

Initially :
12,000 £
350,000 gal

After relined :

13,500
675,000 gal

Constructed from a single 20
mil PVC.

Relined between 1982-1984
after the original liner was
failed in 1980.

After closer bottom liners and
solids were deposited in a non-
hazardous waste landfill
Leaked an unknown quantity of
solution on more than one
occasion.

(Source: Modified from EPA, 1980; KMCC, 1979; Kleinfelder, 1993)

BMI Landfill:

The BMI landfill was formed by converting the two western Trade Effluent

Ponds into a solid waste disposal site. The BMI landfill is unlined, and had been used for

the disposal of liquid, solid and semi-solid waste from 1943 to 1980. The landfill has
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been capped with a moderately impermeable layer comprised of lime residue and two
feet thick soil layer. The landfill has received wastes from the production process,
housekeeping wastes, demolition wastes, and dried residue from the lined ponds. The
perchlorate producers KMCC, AP&PC and WECCO utilized the BMI landfill for waste
disposal. KMCC has disposed an unknown quantity of dried residue from the
ammonium perchlorate, potassium perchlorate and sodium perchlorate operations

(Geraghty & Miller, 1993). The waste disposal information for other perchlorate

producers was not available.

BMI Solid Waste Disposal Site:

There is limited information available about BMI Solid Waste Disposal Site.
This site was opened in late 1983 according to the records kept by some of the industries.
The waste disposed at this site is reported to be uncontaminated demolition waste. This

site is no longer in use for the disposal of wastes.

KMCC Hazardous Waste Landfill:

This landfill is located within the KMCC facility, and was constructed by
converting one of the former Trade Effluent Ponds into a landfill. This landfill consists
of one unlined subsurface cell with a maximum capacity of approximately 332,000 f°,
and had been operated from February 1980 to January 1983 (Kleinfelder, 1993). The
material placed within this landfill included potassium perchlorate process solids, and

solid contents and liners from the S-1 ponds (KMCC, 1984; KMCC, 1986; Kleinfelder,

1993).
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2.6.9 Perchlorate Migration Pathways from Operational Activities at KMCC
Temporary Waste/Material Storage Areas: ‘

KMCQC utilized several locations/units for the temporary storage and collection of
perchlorate containing material. Ammonium Perchlorate Area (APA) was utilized from
1980 to 1989, for the accumulation of drummed, non-hazardous, solid and industrial
waste. from the AP (Kleinfelder, 1993). The migration could have occurred from the
ammonium perchlorate deposited on the pad by leaky drums and AP contaminated solid
waste, via surface runoff. KMCC also utilized the Sodium Perchlorate Platinum By-
Product Filter Area for the filter press operations since 1968 (Kleinfelder, 1993). Filter
cake material containing sodium perchlorate was processed at this location. Sodium
perchlorate could have migrated through the cracks developed within the basal of the
pad, surface runoff, and also by air. KMCC site operators also utilized several other
storage units for various operational activities. However, their impact on perchlorate
contamination is not significant, according to the available documentation.

Perchlorate Manufacturing Buildings and Transfer Lines:

The KMCC facility used a transfer line system to transport perchlorate among
various production processes. AP production facility maintained three types of transfer
lines: (1) permanent rigid lines (2) temporary flexible lines constructed with HDPE, and
(3) permanent lines constructed of concrete/Transite (KMCC, 1992). Leaks had been
developed in the AP transfer lines and the AP cooling lines; and on rare occasions some
of these lines have broken and released AP solution to the ground (Kleinfelder, 1993).
Several other pipelines have also broken, and have released perchlorate solutions to the

environment.
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The buildings that contain the perchlorate manufacturing equipment also released
perchlorate waste through material handling, mixing and blending. Perchlorate migrated

into the environment via dust and floor washing.

2.6.10 Perchlorate Waste Disposal at PEPCON

It is believed that PEPCON used a single unlined pond located by the Mary Crest
Road for the discharge of effluents including perchlorate process wastes. This pond had
been built by constructing a dam across a natural surface water channel. PEPCON used
this pond for storm water management as well. It is possible that other surface water
channels on the property were also used for the discharge of effluents. There is a large
degree of uncertainty in the information with regard to the generation and disposal of
effluents within PEPCON due to unavailability of recorded information on this facility.

In addition to the contamination resulted during operations, a considerable
amount of perchlorate was transported downstream of the site by the large amount of
water that was used to contain the fire during the 1988 explosion. It can be assumed that
this surface water plume carried perchlorate following the natural gradient towards the
Las Vegas Wash. However, precise information on this was not available. Subsequent
to the explosion, a 2 foot thick soil layer has been removed from the downstream section
of the former PEPCON facility. However, this effort was been carried out due to the

presence of other hazardous chemicals within the topsoil layers.
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2.7.0 Key Geological and Hydrogeological Features of the BMI Complex

2.7.1 BMI Site Geology

The Las Vegas is Valley surrounded by several mountain ranges: the Spring
Mountains to the west, Sheep Range to the north, McCullough and River Mountains to
the south and Frenchman and Sunrise Mountains to the east. The length of the valley is
approximately 55 miles and the width varies between 10-25 miles. The valley floor is
comprised of alluvial and playa deposits which had originated from the surrounding
mountains. The central part of the valley contains fine sand, silt and clay material, and
becomes coarser with gravels, cobbles, and boulders towards mountains (Geraghty &
Miller, 1993). The deposits near the mountains are deep and often unconsolidated. The
valley is underlain by Tertiary Muddy Creek Formation, comprised of a combination of
clays, silty clays, gypsiferous sandy clays, clayey sands and conglomerates. The Muddy
Creek Formation is believed to had been formed by a reservoir that existed above the Las
Vegas Valley long time ago. Long-term sedimentation that occurred during the existence
of this reservoir lead to the formation of this layer. After the reservoir disappeared, the
exposed bottom layer was subsequently eroded by the infrequent flooding that took
place, and a series of surface water channels were carved into the deposit. Later, sands
and gravels deposited in these channels. There is limited information available on the
exact depth and the locations of this formation.

The geology in the BMI complex area can be divided into two layers. The top
layer is formed by the recent deposits originated from the McCullough Range, River

Mountains and the other surrounding mountains. This layer is approximately 30-100 feet

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

thick and is comprised of highly permeable deposits: boulders, cobbles, gravels and
coarse sands. The thickness of the deposits near the upper portion of the Lower Ponds is
about 30 feet (Kaufmann, 1971). Underlying the top alluvial layer is the Muddy Creek
Formation, which is comprised of much finer sands, silts and clays. The top alluvial
layer has been deposited on the natural erosional channels formed on the Muddy Creek
Formation during flood runoff. The thickness of the alluvial deposits is greater over
erosional channels and thinnest over intervening interfluvial areas (Kleinfelder, 1993). A
majority of these channel filled deposits lie linearly along the natural surface water
flowing direction. The high permeability of the filled material combined with the
orientation of these deposits play a vital role in the groundwater movement in the area.
Figure 2.4 illustrates the geological profile along the main alluvial channel (Cross
Section A-A in Figure 2.3). The profile shown in this figure is approximately 6 km long.
Another important geologic characteristic is the existence of fault zones and semi-
confining material, as this could provide hydraulic connections that allow for generally
upward leakage between aquifer zones at some locations (Geraghty & Miller, 1993). The
major geologic factors that govern the occurrence and the movement of groundwater are

given below (Geraghty & Miller, 1993):
¢ existence of gravel/sand filled channels within the top alluvial layer;

¢ configuration and slope of the top of the Muddy Creek Formation; and

¢ lithology of the Muddy Creek Formation.
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Figure 2.4: BMI Site Geology (Source: Modified from Geraghty & Miller, 1993)

2.7.2 BMI Site Hydrogeology

The aquifer system in the BMI area could be subdivided into two main
components: the near-surface (or the upper unconfined aquifer) and the deep confined
aquifer. The near-surface aquifer system exists within the valley filled deposit zone
overlying the Muddy Creek Formation. This system is recharged mainly from the
upward leakage from the artesian deep aquifer system, infiltration from surface
irrigation, sewerage, and industrial processes.

The deep confined aquifer lies several hundreds of feet below the ground surface,
and is separated from the upper aquifer by a layer of low permeability deposits consisting
of fine grained silts, clays and even caliche at some locations (Kleinfelder, 1993). The
deep aquifer system could be further divided into shallow, middle and deep zones. The
groundwater wells drilled by Geraghty & Miller, Inc. (1980) penetrated these zones at

depths of 200 to 400, 500, and 700 feet respectively. During these investigations, several
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number of wells/borings encountered thin sand and gravel layers contained within the
Muddy Creek Formation. Some of these isolated zones contained water under artesian
conditions. A significant number of unsaturated zones were also encountered. This
demonstrates the non-existence of hydraulic connections among the isolated gravel/sand
layers within the upper part of the Muddy Creek Formation that impedes interaquifer
movement of groundwater (Geraghty & Miller, 1993).

Due to the separation of the deep aquifer system by a highly impermeable layer,
the potential contamination of this layer from any surface discharge of pollutants is
unlikely. The existence of an upward water pressure gradient from this zone further
prevents the movement of pollutants from the ground surface into this layer. Therefore,
majority of the groundwater quality investigations conducted within the site excluded the
deep aquifer zone as a contaminated region.

During site investigations conducted by Geraghty & Miller, Inc. (1980) revealed
that the depth to the upper aquifer varied from 90 feet below the land surface at the
southern boundary of the Stauffer site to 20 feet at the northern boundary of the BMI
Complex. The same investigation also revealed that these water levels remained fairly
constant. A hydrogeological study carried out by Kleinfelder in 1993 showed the depth
of the upper aquifer to be 5 feet below ground surface near the northeast corner to
approximately 35 feet below ground surface near the southern and the west-central
sections of the site. During this investigation (June, 1983 to June, 1985), the maximum
water level fluctuations in any one well varied from 1.54 to 3.08 feet, which was
believed to be caused by the seasonal climatic changes. The test wells showed highest

levels during fall and the lowest during the spring months.
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The same study also revealed that in general, the larger saturation zones occur
within the buried channel fill deposits, and smaller zones of saturation occur over the
interfluvial areas that separate these channel fill deposits. The trasmissivity values were
calculated based on pump tests performed on four wells. The lowest, and the highest
observed transmissivity values were 16.4 m*/day and 787 m%day respectively. The fine
graned faces of the Muddy Creek formation had transmisivity less than 1.24 m*/day. The

summary of the calculated drainage parameters are illustrated in Table 2.8 below:

Table 2.8: Major Drainage Parameters of the BMI Site Alluvial Layers

Location Flow Velocity | Transmissivity | Hydraulic Conductivity
(m/day) (m*/day) (m/day)

within channel fill deposits  |4.9 90.0 61

Interfluvial area 0.15 0.9 2

Muddy Creek Formation 0.16 0.17-0.68 1.2 (horizontal)

(Modified from Kleinfelder, 1993 and Geraghty & Miller, Inc.,1980)

Laboratory studies performed by Geraghty & Miller, Inc. (1980) on undisturbed
core samples taken from the Muddy Creek Formations showed vertical permeabilities
ranging from 1.73 x10” m/day to 4.8x10° m/day. These values were different by a
factor of 100 from the value (1.6 x 10 m/day) calculated by Kleinfelder (1993). The
main reason for the differences is that Kleinfelder calculated the values based on the
performance of the test wells. Kleinfelder reported the significance of the thin sand and
silt stingers embedded within the Muddy Creek Formation, which drastically increase the

overall permeability of this layer; whereas in the laboratory test this effect was not
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present.

The groundwater flow in the region is affected by the presence of the Muddy
Creek Formation. The fine grained faces of the Muddy Creek Formation underlying the
top alluvial deposit layer resists the downward movement of near surface water. The top
face of the Muddy Creek Formation slopes north and northeast towards the Las Vegas
Wash at approximately 100 f/mile (or 1.9%) (Kaufmann, 1971). The combined effects
of these two geological characteristics force the surface water entering the top alluvial
layer to flow north and northeast towards Las Vegas Wash, instead of percolating down.
The channel filled deposits within the top alluvial layer exhibit high permeabilities and
account for majority of the lateral groundwater flow. The investigations carried out by
Kaufmann (1971) revealed the gradual thinning of gravel and sand layers (top alluvial
layer ) towards the Las Vegas Wash, which results in the decreased storage capacity and
the transmissivity of this layer. This formation increases groundwater flow velocity or
induces surface discharge, which is consistent with what is observed in this region even
today. Surface discharge of groundwater occurs even presently in this region.

The groundwater flow is primarily downwards within the Upper Tailing Ponds,
which gradually becomes lateral in the intermediate zones, and later, develops an upward
trend underneath the Lower Tailing Ponds near the Las Vegas Wash. This restricts the
migration of pollutants from the Lower Tailing Ponds into the Las Vegas Wash.

Groundwater investigations carried out by KMCC (1998) observed an average
gradient of 0.017 from KMCC facility to Las Vegas Wash. The lateral groundwater flow
was calculated by KMCC for the Pittman Lateral using an equation proposed by Tolman

(1937) and using parameters estimated (effective porosity 0.2, gradient 0.017, and
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permeability 2 m/day) from the pumping tests. The estimated average groundwater flow
within the alluvial layer for the Pittman Lateral was 67 m/year (0.6 ft/day or 220 ft/yr).
The main alluvial channel has widths between 210 m to 305 m, a maximum depth of
18.3 m and has a groundwater underflow of 18,900 gal/day. The groundwater flow and
the conductivity within the channel fill deposits are about 4.87 m/day (16 ft/day), and 61

m/day (1,496 gpd/ft’) respectively (Kleinfelder, 1993).

2.7.3 Key Geological and Hydrogeological Features of the PEPCON Site

Unlike the KMCC Site, extensive hydrogeological and groundwater quality
investigations have not been carried out for the PEPCON Site. The geological conditions
of the PEPCON site are entirely different from that is found beneath the KMCC site and
the BMI Complex; the fine grained faces of the Muddy Creek Formation observed
underlying the BMI Complex site and KMCC are not observed within the PEPCON site.
(Broadbent & Associates, 1998). Reports by Kleinfelder (1999) and Broadbent &
Associates (1998) argue that the non-existence of the fine grained faces of the Muddy
Creek Formation permits the downward movement of perchlorate. In contrast, within the
KMCC property, the surface discharges entering the top alluvial layer are intercepted by
the fine grained faces, and are forced to move laterally towards the Las Vegas Wash.
The groundwater perchlorate investigations conducted by Kleinfelder (1999) also suppont
this. During the investigations, the top water bearing zones had lower perchlorate
concentrations. The perchlorate levels increased with depth. The highest perchlorate
concentrations were detected from the samples from 161 to 181 feet.

The distribution of perchlorate in the region is appeared to be governed by the
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absence of the fine grained faces of the Muddy Creek Formation and by the existence of
a subsurface channel, that runs north-east (Broadbent & Associates, 1998). A similar but
a larger channel exists east of the site that is believed to be influencing the perchlorate
concentrations north of the KMCC site. Presence of a ridge between these two channels
is considered to be the main governing factor in keeping the PEPCON and the KMCC

plumes separated (Broadbent & Associates, 1998).

2.7.4 Perchlorate in Groundwater : KMCC Property

Groundwater investigations have been carried out in the region to monitor the
groundwater quality. Hundreds of groundwater wells have been drilled into the
subsurface layers undemeath the BMI facility. KMCC (1998) reported that the
perchlorate levels within the alluvial groundwater system are approximately 1500 ppm
along the northern KMCC property, and 100 ppm immediately to the south of the LVW
(Figure 2.5). The perchlorate plume is confined to a narrow plume within the main
alluvial channel. The plume initially moves towards north close to the KMCC property,
and then is diverted towards northeast due to the influence from a high conductivity
plume that exists within the alluvial channel. The perchlorate plume is diluted and
dispersed into a wider fan just south of the wash, by the percolating treated effluents

from the Henderson Wastewater Treatment Plant (WWTP) rapid infiltration basins.
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Figure 2.5:  Approximate Perchlorate Levels in Groundwater (Source: Modified from
KMCC, 2000; Geraghty & Miller, 1993, Broadbent & Associates. 1998 )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

2.8.0 Perchlorate Loading on the Las Vegas Wash

Studies conducted on the BMI and KMCC property have shown that the impact
of the groundwater pollution resulting from the present KMCC facility to be more
significant than the impact from the PEPCON site. Therefore, more emphasis was given

to investigate the perchlorate production at the KMCC site and the BMI ponds.

2.8.1 History of Investigations on the LVW

There have been water quality investigations on the Las Vegas Wash since 1961.
A report published by Leeds, Hill and Jewett, Inc. (1961) reported the rising of the
groundwater in the Pittman area and water quality deterioration in the Wash, due to
5,000 ac-ft/yr of return flow from the Tailing Ponds. Water sampling in 1961 near Pabco
Road had TDS concentration of 4,450 mg/l (Kaufmann, 1971). An investigation carried
out by the Federal Pollution Control Administration (Now EPA) failed to prove any
seepage of pollutants occurring into the Wash. However, after evaluating groundwater
levels and flow at the sampling stations and effluent sources, this study concluded that
0.32 MGD of seepage with 8,140 mg/l of TDS occurs from the BMI Lower Ponds
(Kauffmann, 1971). A study carried out by Tipton & Kalmbach (1968) stated that the
majority of the dissolved solids in the Wash originate from the BMI Ponds. A report
published by Boyle-CH2M (1969) showed the infiltration of approximately 3-7 MGD of
groundwater containing nitrates and TDS from the BMI Ponds. A study carried out by
the Bureau of Reclamation (Hoffman, et al., 1971) also showed the infiltration of TDS
and nitrate containing groundwater close to Pabco Road.

The first comprehensive investigation was carried out by the Desert Research
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Institute in 1971 (Kauffimann, 1971). This investigation looked into to the geological
and hydrogeological features of the BMI region, and attempted to model the occurrence
and movement of groundwater and surface water. Water quality analyses were also
carried out. The average chemical loadings had been estimated by the direct
measurement of direct chemical concentration and discharge, and also by the mass flux
difference between the upstream and downstream stations along the Wash. The

summary of the loading for the LVW above Pabco Road for July, 1971 is given in Table

2.9 below.

Table 2.9: Pollutant Loadings on the LVW from the BMI Tailing Ponds

Pollutant Loading (Ib/day) Percent Increase in the LVW
TDS 297,822 166%
Na 47,728 87%
Ccr 66,418 118%
S04 110,593 65%

(Source: Modified from Kauffmann, 1971)

The Kauffmann, Report (1971) also estimated the groundwater seepage rate as
approximately 5 MGD. However, during this period the Upper and the Lower BMI
Ponds had been used for the discharge of liquid effluents from the BMI operations.
Therefore, a high seepage is expected to occur into the LVW.,

The present situation is entirely different. Since, use of unlined ponds for the
discharge of effluents is no longer practiced, it is expected to find a lower seepage from

industrial aciivilies inlo the LVW. However, the surface recharge of water from
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residents and the Henderson Wastewater Treatment Plant has increased significantly due
to the rapid growth in the region. KMCC and UNLYV also have carried out investigations
on the pollutant loading into the LVW. Table 2.10 below shows the major constituents

in the seepage water from the BMI area.

Table 2.10: Major Water Quality Parameters of the BMI Seepage

Parameter Concentration Parameter Concentration
(ppb) (ppb)

Arsenic 140 Beta-BHC 0.37
Barium 0.0183 () Delta-BHC 1.71
Boron 4,600 4,4’-DDT & metabolites 0.31
Chromium (total) 620 4,4’-DDE 0.0073 (J)
Chromium (V) Not Detected 44'-DDD 0.0114 (J)
Chromium (II) 620 Dalapon 0.79 ())
Copper 8.1 Dicamba 0.099
Iron 100 Dieldrin 0.1
Magnesium 252,000 Dinoseb 0.39
Manganese 1800 Endrin 0.0042 ())
Molybdenum 120 Heptachlor Epoxide 0.0044 (1)
Nickel 15.5 Lindane (gamma BHC) 0.110
Potassium 45,800 MCPA 42
Selenium 12 Pentachlorrophenbol 0.017 ())
Sodium 1,520,000 Silvex (2,4.5-TP) 0.084 (J)
Strontium 11,200 24,5-T 0.257
Vanadium 51 Chloroform 20
pH 7.65 m-Dichlorobenzene (1,3) 0.5
Color 20 units o- Dichlorobenzene (1,2) 0.6
Perchlorate 310,000 Dichlorobenzene (1,4) 0.7
Chlorate 100,000 1,1-Dichloroethane 2
TDS 7,300,000 Methyl Tert-butyl ether 5
TSS 14,000 di-2-Ethylhexyl phthalate 4())
TOC 5,600 1,2 4-trichlorobenzene 2()
Ammonia-N 150 () Qil and Grease 3,800
BOD 1,420 Gross Alpha (pCi/l) 96.1
COD 140,000 Gross Beta (pCi/l) 204
Fluoride 1,600 Radium 226+228 (pCi/1) 595
Sulfate 1,950,000 Aldrin 0.0155
Total P 136 Chlordane Alpha 0.0025 (J)
Alpha-BHC 65

(Source: Moditied trom the Draft NPDES Permit NV 0023060 Submitted to NDEP by KMCC)
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2.8.2 Perchlorate Investigations in the LVW

Limited studies have been carried out to investigate the perchlorate
concentrations along the LVW. In 1998 Broadbent & Associates Inc. and Geotechnical
Environmental Services, Inc (GES) carried out limited analyses of on the perchlorate
concentrations at several sampling points along the LVW (Broadbent & Associates,
1998). A second, but a more detailed investigation followed the above, by the same
consultants. During this investigation, water samples were collected from the Wash
between January 19" and January 21, 1998. Two water samples were taken from each
location; one from the surface and the other from the bottom. The perchlorate
concentrations were about 10 pg/l within the upstream section of the Wash; but
increased to over 400 pg/l after reaching the Pittman Bypass Outfall (Broadbent &
Associates, 1998). Pittman Bypass Outfall is considered to be the location where the
Eastern Plume (that is contaminated from the KMCC Facility) intersects the Wash.

Water samples were also analyzed from the culverts that carry the Wash under
the Poleline Road. This road is located approximately 1 mile downstream from the
Pittman Bypass Outfall. The observed perchlorate concentrations in the culverts
increased from north to south. The northern, middle and the southern culverts had
concentrations 390 pg/l, 560 pg/l and 610 ug/l1 respectively (Broadbent & Associates,
1998). The perchlorate concentrations remained fairly constant within the next 1 mile,
and increased to about 770 ug/l after reaching the BMI Upper Evaporations Ponds area.
The perchlorate concentration within the groundwater in this region was about 1500 pg/l
to 2000 pg/l. Broadbent & Associates Report (1998) also estimated the groundwater

intrusion into the Las Vegas Wash using Darcy’s Law as 0.56 MGD. Based on the
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average perchlorate concentrations observed in the groundwater wells close to the Las
Vegas Wash (334 mg/l) the estimated loading was 706 kg/day (1556 1b/day).

Therefore, the perchlorate loading rate estimated based on the groundwater flow
into the Wash from the Eastern Plume is more than sufficient to explain the elevation in
the concentrations within this reach of the Wash. The difference in the predicted values
and the actual loading could be due to the high uncertainties in the parameters used for
the groundwater flow calculations. The average perchlorate concentration used by
Broadbent & Associates report is rather high. Based on the information known at this
stage (Zhang, 2001), the perchlorate concentration in the seepage varies from 80 to 150

mg/l.

2.9 Limitations on the Accuracy of the Background Information

The environmental legislation with respect to the discharge of effluents was only
developed after 1972. The actual implementation of most of this legislation was not even
carried out until late 1970’s and early 1980’s. Before late 1970’s, it was an accepted
practice to dispose waste on lands and other natural systems without adequate
precautions. There was no special reason for industries to keep accurate and complete
records on such discharges. During the literature review, information of the BMI
Complex, KMCC site and the former PEPCON facility site was carried out by evaluating
several reports published on this subject. The reports that provide the past operations of
BMI industries and PEPCON were developed mainly based on the information provided

by various source groups, evaluation of the documents provided by the industries,
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interviews and visual observations. Therefore, during development it can be presumed
that consultants would have made their own interpretation based on the information
available to them. The accuracy of these reports depends on the accuracy and the
completeness of the source documentation and the interpretations made from them.
Therefore, the literature review presented in this study, especially the background
information on the past perchlorate productions, site geohydrology, water quality and

environmental assessment, should be viewed in this context.

2.10 Lake Mead Operations

The Lake’s operations started when the construction of the dam was completed in
1935. Initially, the primary uses of Lake Mead were to generate electricity and to
temporary store water for downstream use, especially for California. Despite the close
proximity to Lake Mead, the Las Vegas valley did not utilize Lake water until 1942.
Instead the valley depended on the groundwater resources. The first reported use of Lake
Mead water for the Las Vegas Valley was carried out in 1942 for the BMI operations. In
1954, the water lines were extended to Las Vegas, and approximately 11,100 ac-ft was
pumped from the lake during this year (Meier, 1969). This amount gradually increased
annually, was doubled by year 1963 (Meier, 1969).

The utilization and management of Colorado River water is controlled by federal,
state, interstate and international laws and agreements. In 1928, the Boulder Canyon
Project allocated 300,000, 2.8 million and 4.4 million acre-feet of water to Nevada,
Arizona and California respectively; which was later confirmed by the United States

Supreme Court in 1964 (State of Nevada Colorado River Commission, 1990). The water
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allocations to Nevada are based on the intake volumes and also by the retum flows via
the treated effluent discharges. The major inflows into the lake are Colorado, Virgin and
Muddy Rivers, and the Las Vegas Wash. The main dimensions and features of Lake

Mead are illustrated in Table 2.11. The water budget for Lake Mead is illustrated in

Table 2.12.
Table 2.11: Major Physical Features of Lake Mead
Parameter Value (US units) Value (SI units)
Volume 3x 10" ac-ft 36.7x10°m’
Surface Area 160,000 ac 660 km’
Highest Reservoir Level 1230 ft 374 m (mean sea level)
Max Width 9.3 mi 15 km
Max Length 66 mi 106 km
Shoreline Length 550 mi 885 km
Hydraulic Retention Time 3.9 years 3.9 years

(Modified from LaBounty and Hom, 1997; Lara and Sanders, 1970).

Table 2.12: Lake Mead Water Budget

Parameter Amount Percentage
Major Inflows

e Colorado River 1.2x 10 m*/yr (1.0 x 107 ac-ft/yr) 97%

e Virgin 1.8 x 10° m*/yr (1.5 x 10° ac-fi/yr) 1.4%

e Muddy Rivers 1.2x 10° m’/yr (1.0 x 10* ac-fi/yr) 0.1%

o Las Vegas Wash 1.9 x 10* m’/yr (1.5 x 10° ac-f/yr) 1.5%
Major Outflows

e Hoover Dam Release 1.0 x 10" m*/yr (8.9 x 10° ac-fi/yr) 86%

e Evaporation (estimated) 1 x 10° m’/yr (8.9 x 10° ac-fi/yr) 10%

o Southern Nevada Water System | 5.5 x 10° m’/yr (4.4 x 10° ac-fu/yr) 4%

(Modified from LaBounty and Homn, 1997; Roefer et al., 1996; SNWA 2000).
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Lake Mead has four main sub basins: Boulder, Virgin, Gregg, and Temple, that
are separated by four canyons: Boulder, Black, Virgin, and Iceberg. Lake Mead is
considered to be subtropical, mildly mesotrophic (Vollenweider 1970, Carlson 1977).
However, individual basins exhibit unique ecological and water quality characteristics
(LaBounty and Horn, 1997). Boulder Basin is the most polluted and nutrient rich basin
mainly due to the discharge from the Las Vegas Wash carrying nutrients and pollutants
originated from urban runoff and treated effluents from the wastewater treatment plants
in the Las Vegas Valley. Therefore, the Boulder Basin exhibits the highest level of

productivity.

2.10.1 Limnology of Lake Mead

According to Deacon (1976) the lake surface water temperatures vary from 10.5°
C in January/ February to 27° C in July/August. Thermal stratification develops in May
and June. A well defined thermocline is established between a depth of 10 -15 m in July
when the surface water temperature reaches 26° C. As the surface water temperature
drops in September, the lake begins to mix. Mixing continues until January/February
when the lake’s surface water temperature drops below 10.5° C. By this time the Lake is
completely destratified. The hypolimnetic water temperature (90 m) remained constant
at 10.5° C during the investigations (1972-1975), that resulted in a weak tumover.

The Las Vegas Wash is another important factor in influencing the limnology of
Lake Mead. The movement and dispersion of the wash within the initial mixing zone
(Las Vegas Bay) of the lake is governed by mainly two factors, in addition to the physical

factors (lake bottom topology, wind, etc.). One factor is the difference between the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



48

temperature of the two water bodies. The temperature of the wash is about 20°C, while
the temperature of the inner Las Vegas Bay (initial mixing zone) is about 14°C (Roline
and Sartoris, 1996). The higher temperature of the Wash water forces it to float once it
enters the bay area of the lake. However, on the other hand, the wash water has a higher
density than the lake water, due to the presence of high salinity. This generates a
tendency for the wash to sink to the lake bottom. The effect of higher density governs
the movement of the wash within the lake. LaBounty and Hom, (1997) used
conductivity to investigate the movement of the wash within Lake Mead. The Wash has
a conductivity of 2400 uS.cm?, and the lake water has a conductivity of 1000 uS.cm’.
When the wash water enters the lake, there is a significant amount of mixing within the
bay area, which is indicated by the higher total dissolved solids (or conductivity) in the
area when compared to the rest of the lake. However, some of the inflowing wash water
retains its identity, and an intrusion occurs as a distinct bottom water current following
the path of the historic Las Vegas Wash (existed before the construction of Hoover
Dam). The identity of this current gradually disappears, and an equilibrium occurs
between the lake water and the inflowing wash water. The bottom current runs about 4-
8 km into the Boulder Basin, but on some occasions, this intrusion extends up to the
Hoover Dam. The intrusion depth, thickness, and the distance vary with season of the
year, and degree of thermal stratification of the lake. Table 2.13 shows some of the

observed intrusion depths and distances.
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Table 2.13: Seasonal Intrusion Changes of the Wash Changes in Lake Mead

Month Distance into the Boulder Basin Depth
(km) (m)
January 6-8 40-60
February 6-8 40-60
March >8 1540
April >5 15-35
May >5 10-15
June >8 10-45
July >8 1545
August 8 1545
September 8 2045
October 8 20-45
November 8 40-50
December 8 40-55

(Source: LaBounty and Hom, 1997)

The density of the wash water remains fairly constant throughout the year.
However, the wash temperature fluctuates between 20° C in winter to about 28° C in
summer (Roline and Sartoris, 1996). In early spring, the intrusion flow depth is
gradually elevated within the bay area, and reaches the shallowest depth in late spring
when the temperature difference between the wash water and the lake water is at its
maximum. The thermocline begins to develop in May and the warm lake surface water
forces the intrusion to flow deeper. During the summer the intrusion sinks as the
thermocline is further developed. In fall the thermocline breaks and the wash water
begins to cool down. This forces the intrusion to flow deeper in the lake, within the
former hypolimnetic region. The intrusion continues to flow within the hypolimnetic

layer until early spring when the system goes into the next cycle. Tables 2.14 and 2.15
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show the approximate temperature and dissolved oxygen (DO) profiles for the different

thermal layers, and the dispersion coefficients, respectively.

Table 2.14: Key Limnological Parameters of Lake Mead

Thermal Layer Depths (m) | Temperature (°C) | Dissolved Oxygen (mg/l)
Epilimnion 5-7 April : 13.5 April: 9.6
June :22.5 June : 10.5
Aug :26 Aug : 9.2
Oct. : 25 Oct : 10
Nov : 18 Nov : 7
Feb :13 Feb : 9.5
Metalimnion 7-15 April : 13-11 April: 9.3-8
June :22-12.5 June :10-7.5
Aug :25-15 Aug : 94
Oct :24-14 Oct :85
Nov :17-13 Nov : 7-6
Feb :13-12 Feb :8.5-8
Hypolimnion >15 April : <10 April : 7.8
June : <12 June :<7.6
Aug : <14 Aug : 6.5
Oct : <13 Oct. : 59
Nov : <13 Nov : <7
Feb : <12 Feb : <8

The reported temperature and DO profiles are for a sampling station located approximately
halfway between Saddle Island and Black Island (Boulder Basin) in 1975.
(Source: Modified from Dan Szumski & Associates, 1991; Baker et al., 1977; LaBounty and

Hom, 1997)

Table 2.15: Lake Mead Dispersion Coefficients

Depths

Dispersion Coefficients

Horizontal:

e Summer epilimnion: 2-10 m%/s
e Epilimnion winter: 10-50 m?/s

o Epilimnion spring 2-10 m%/s

Vertical:

e During peak stratification: 0.0-0.5 cm%/s

e During peak non-stratification: 1.0-6.0 cm?/s

(Source: Modified from Dan Szumski & Associates, 1991)
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2.10.2 Lake Mead Water Quality and Monitoring

Monitoring of the Colorado River was started several decades ago. Water quality
records for Colorado River and the Grand Canyon Reach have been founds as early as
1926 (Meier, 1969). Water quality records for Lake Mead were begun in 1935 with the
completion of the Lake. Initially the records were restricted to a point below the Hoover
Dam; however after 1941, continuous monitoring was begun for four stations: Imperial
Dam, below Lake Havasu, below Hoover Dam, within the Grand Canyon and Lees Ferry
(Meier, 1969).

The three wastewater treatment plants, Clark County Sanitation District (CCSD),
City of Las Vegas, and City of Henderson have being collecting water samples from the
Las Vegas Wash and Lake Mead as part of their NPDES permit to monitor the effect of
the discharge of effluents from the wastewater treatment plants (WWTP) on water
quality.

Lake Mead and the Colorado River System have been subjected to extensive
investigations by varnious organizations.  Therefore, in order to maximize resource
utilization and data quality, a committee was formed comprising members from the
Bureau of Reclamation, Southern Nevada Water Authority (SNWA), City of Las Vegas,
Clark County Sanitation District and City of Henderson. This committee has been
operational since 1997.

Monitoring of water quality of the wash and Lake Mead at 31 sampling locations
has been carried out on a weekly, biweekly, monthly, quarterly and semi annual basis
(Interagency Lake Mead and Las Vegas Wash Monitoring Program, 1999). Chemical,

physical and biological parameters have been measured. In addition, the US Bureau of
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Reclamation has been carrying out limnological investigations in the lake. A Hydrolab
Surveyor IV ® is used to measure profiles of temperature, dissolved oxygen
concentration and saturation, pH, conductivity, and turbidity at each sampling location
(Lake Mead Interagency Sampling Manual, 1999). The SNWA monitors the perchlorate
concentrations within the lake on monthly basis.

USGS, US Department of Interior, and UNLYV have jointly carried out a sediment
study within Lake Mead. Sidescan sonar imagery and high-resolution seismic-reflection
profiles were collected in the Las Vegas Bay and Boulder Basin of Lake Mead to
determine the surficial geology as well as the distribution and thickness of sediment that
has been accumulated on the Lake bottom (Twichell et al, 1999). The results show that
sediment accumulation on the Lake bed is restricted only along the historical flow path
of the LVW and the Colorado River. The sediment thickness within the Las Vegas Bay
area rarely exceeded 2m. However, the observed sediment thickness along the Colorado
River bed area was above 10 m.

Lake Mead is also under the monitoring of the Nevada Department of
Environmental Protection (NDEP) and also by the EPA. The EPA (1999) reported the
presence of 4 to 16 ppb of perchlorate at the water intake point for Las Vegas, and

approximately 5 to 9 ppb for California water intake points from the Colorado River.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Source of Water Samples

The Clark County Sanitation District (CCSD), the City of Las Vegas, and the
Henderson wastewater treatment plants have been collecting water samples at about 30
sampling locations along the Wash and Lake Mead. This has been carried out as part of
the NPDES agreement to monitor the effect of the discharge of effluents from the
wastewater treatment plants (WWTP). An archive of the samples kept frozen at the
CCSD was available for this study and contained samples dating back to 1991. Since
perchlorate concentrations were not monitored prior to 1997, the availability of the
frozen samples provided a unique opportunity to investigate the spatial and temporal
variation of perchlorate in the Wash and Lake Mead. Although systematic studies on the
effects of freezing and storage on perchlorate degradation are not available, it is
expected that this preservation method would not significantly affect on the
concentration of perchlorate. Biological reduction, a possible mechanism for
perchlorate degradation, would be halted by freezing. Adsorption of perchlorate to the
walls of storage containers is unlikely. Volatilization is also unlikely since perchlorates
have very low vapor pressures.

The major sampling points in the Wash and the Lake from which the samples

were taken are illustrated in Tables 3.1-3.3 and Figures 3.1-3.2 below. The sampling
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points were analyzed from the Wash, namely LVW1, LVW3K and LVWS5. The
locations of the points, their distances from Lake Mead, as well as the number of frozen
samples analyzed in each point are shown in Table 3.1 and Figure 3.1. The
contaminated seepage stream discharges into the Las Vegas Wash very close to the
Henderson WWTP effluent discharge.

The sampling points of the LVW include both upstream and downstream points
from the contaminated BMI/PEPCON site area. This provides the opportunity to
determine the perchlorate loading from the contaminated area. Perchlorate could
potentially be used as a tracer because the LVW is the primary source of perchlorate into
Lake Mead. Another reason is that biodegradation of perchlorate in the Wash is not very
likely due to the presence of nitrate, the Wash's high TDS content, the lack of adequate

source of carbon, and the high oxygen content of the Wash (Zhang, 2001).

Table 3.1: Major Sampling Points along the Las Vegas Wash

Station | Approximate Location Total Number | GPS Location
Samples | Analyzed
Available
LVW1 | Immediately downstream of the 175 32 N 36 06 28.584
effluent discharge point of the W 11501 31.404

CCSD WTP (approx. 14 km
upstream from Lake Mead).

LVW3K | Near the 3 Kidds Mines area of the | 175 84 N 36 05 53.052
deeply eroded Lower Wash W 114 56 42.000
(approx. 5.5 km upstream from
Lake Mead).

LVWS5 | Near the intersection of North 175 37 N 36 07 20.748
Shore Road and the Wash (approx. W 11454 13.284

1.0 km upstream from Lake Mead).
(Source: Modified from Lake Mead Interagency Sampling Manual, 1999)
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Figure 3.1: Water Sampling Locations of the Las Vegas Wash
Table 3.2: Major Sampling Points in the Las Vegas Bay, Lake Mead
Station Sampling Location Total Samples | Number Distance from the
Available Analyzed | Reference Point
LM2CE | Center of the Inner LVB. 95 2.45km
LM2CH" | N3607705 W 11452034 50
LM2NE | North side of the inner LVB. 32 2.45km
LM2NH' | N3607759 W 11452053 32
LM2SE | South side of the Inner LVB. 26 2.45 km
LM2SH' | N 3607723 W 11452080 28
LM3CE | Center of the Inner LVB. 47 2.67 km
LM3CM" | N3607652 W 11451975 24
LM3CH' 36
LM3NE | North side of the inner LVB. 31 2.67 km
LM3NH' | N 3607684 W 114 51928 29
LM3SE" | South side of the Inner LVB. 275 28 2.67 km
LM3SH' | N3607639 W 11452012 275 3

*Note: E/M/H stand for eplimnion, metalimnion and hypolimnion layers of the Lake, respectively.
Sampling location changes with lake level changes.

(Source: Modified from Lake Mead Interagency Sampling Manual, 1999)
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From Lake Mead, samples were analyzed from the Las Vegas Bay area, from
Black Canyon, Crescent Island, and Hoover Dam. Several samples were analyzed from
the Las Vegas Bay area, where the Vegas Wash enters the Lake. The locations of these
stations (LM2/LM3) are shifted periodically to compensate for the changes in the lake
water level. When the water levels are high, the sampling locations are shifted towards
the discharge point of the Wash, and revert to the original locations when the levels
reach initial stages. The distance shifted each year depends on the degree of change in
the lake elevation. During 1991-1996 they were shifted 300 yards east of the
campground, and from 1997 to 1999 they were shifted 100 yards west to the
campground (Fellows, 1999). However, the interior lake sampling locations (Center

Bay of Boulder Basin) do not change with reservoir level (Table 3.3 and Figure 3.2).

Table 3.3: Major Sampling Points in Boulder Basin, Lake Mead

Station | Sampling Location Total Samples | Number Distance from
Available Analyzed | the Reference
Point
LM4E | Nextto buoy RW “1”, just outside of the 170 45 3.96 km
LM4M | Las Vegas Wash launch ramp and marina. 100 35
LM4H | (N 3607168 W 114 51359) 100 21
LMS5E | Next to buoy RW “A", south shore 150 32 52km
LM5M | landmark is Crescent Island. 100 30
LMSH | (N 3607085 W 11450 535) 100 28
LMSE | Between Sentinel Island and the shoreline 160 37 16.7 km
LM8M | of Castle Cove. 110 26
LM8H | (N3603967 W 11444 224) 110 25
LM9H | Center of the Black Canyon halfway 50 10 21.7 km
between the mouth of the canyon and
Hoover Dam, at a depth of 70m.
(N 3601427 W 11443 669)

Note: E,M and H stand for eplimmnion , metalimnion and hypolimnion layers of the lake.
(Source: Modified from Lake Mead Interagency Sampling Manual, 1998)
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A historical water quality database of Lake Mead has been maintained by the
Limnology Research Center at UNLYV since 1976 for the sampling locations LM 2, § and
8 (Lake Mead Interagency Sampling Manual, 1998). Several other sampling locations
were added during the next few years. This included the addition of the sampling points
LM3 and LM4 in 1979. The water samples collected since 1991 have been cataloged
and are preserved by the CCSD laboratory. The total number of frozen samples stored
from 1991 to 2000 is approximately 5500. A copy of the sample catalogue is given in
Appendix C. The sample dates given in the catalogues are not necessary the actual
sample collection dates; they correspond to the scheduled sample collection dates.
During this research, the actual sampling dates were used instead of the date indicated in
the catalogue. Recently, the Southern Nevada Water Authority (SNWA), through the

Las Vegas Wash Coordination Committee created a database (www.lvwaterqualitv.org)

where the water quality data generated by the CCSD, City of Las Vegas, City of

Henderson and other local agencies are maintained and can be retrieved.

3.2 Thawing Procedure

The frozen water samples were transferred from the freezer to a cooling room,
and were allowed to thaw for three days. The original samples were mixed by inverting
several times, and aliquots were taken. At least 50% of the sample quantity was left
with the original sample, and was placed back into the freezer immediately.
Approximately 100 ml sample volume of 10% of the total samples taken from the CCSD

was given to the Las Vegas Wash Coordination Committee. The samples were carried
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in a chilled container to the UNLV Environmental Engineering Laboratory and were
placed under refrigeration until analyses.

Samples were analyzed using the Dionex 120 ion chromatograph with the AS40
automated sampler at the UNLV Environmental Engineering Laboratory. The analytical
procedure developed by the California Department of Health Services (CDHS) and the
Dionex Company (California Department of Health Services, 1997; Dionex, 1998) was
adopted in perchlorate analyses (Appendix F). However, a minor modification was
made to the CDHS procedure to suit the Dionex 120 machine that was used in the
experiments, whereas the CDHS procedure had been developed for the Dionex 500.
The amended analytical procedure used a 49 mM NaOH eluent solution instead of the
CDHS recommended 100 nM eluent. Dionex AS11-4mm and AG11-4mm with 100 pL
injection loop were used as separation and guard columns.

Calibration was carried out for each experimental run. The calibration procedure
included two deionized water samples, calibration standards of §, 10, 30, 60, 80 and 100
pg/l of perchlorate solutions, followed by three deionized water samples. The
calibration standard solutions were made on weekly basis from a 1000 pg/l stock
solution. The stock solution was prepared each month, and both the stock and the
calibration standard solutions were kept under refrigeration. Water samples that were
expected to have high perchlorate concentration were diluted with deionized water to

concentrations between 5 pg/l to 100 pg/l.
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3.3 Quality Assurance (QA) and Quality Control (QC)

The calibration was carried out to achieve a minimum 0.997 least square value
(R?). If the R? was not met, a new set of calibration standards were prepared and the
calibration procedure was repeated. During analyses, after every 20 samples, a QC
sample was run to confirm the accuracy of the measurements. This sample was prepared
by a different member of the research group other than the student who prepared the

calibration standards. Subsequent to analyses, the remaining portions of all the samples

have been kept in a freezer for any future use.
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CHAPTER 4

HISTORICAL PERCHLORATE LEVELS IN LAKE MEAD AND LAS VEGAS

WASH

Past perchlorate levels were obtained by analyzing frozen water samples from the
Las Vegas Wash and Lake Mead. Investigation of perchlorate levels within the Wash
and the Lake is important not only because perchlorate is a potentially harmful
contarmninant, but also because perchlorate behaves as a conservative tracer, and it could
be used to track the fate of other contaminants. The Wash discharge into the Lake is
expected to contain many other contaminants besides perchlorate, as it is polluted from
the seepage from the BMI area (Table 2.10), urban runoff, and discharges from the
WWTPs. Because Lake Mead is the primary drinking water supply to the Las Vegas
Valley and it is for several recreational purposes, it is imperative to control the water
quality of the Las Vegas Wash. The drinking water intake point at Lake Mead (Saddle
Island) is located approximately 12 km from the Wash discharge point at a depth
approximately 35- 45 m below the Lake surface. This distance was considered adequate
at the time of construction of the water intake for Las Vegas. However, the increase in
the flow of the Wash resulting from the rapid growth in the Valley extends the intrusion
distance of the Wash discharge into the lake every year. Therefore, prediction of the
movement and the mixing of the Wash discharge as it reaches the Lake is extremely

important in understanding the fate of perchlorate and other contaminants in the Lake.
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The perchlorate levels within Lake Mead are affected by lake hydrodynamics as well as
by its fluctuations in the Wash. The perchiorate levels in the LVW were evaluated to
investigate the major perchlorate loading zones along the Wash, seasonal loading
patterns and factors that influence perchlorate levels within the Wash. The Wash
perchlorate levels can be influenced by many factors including hydrogeological changes
within the seepage area, changes in the perchlorate discharge practices by the
manufactures, as well as by natural events such as rainfall/flooding, and changes in the
Wash flow.

The perchlorate levels within the Lake were also investigated. Because
perchlorate behaves as a tracer, its levels in the Lake can be used to investigate the
movement and the mixing of the Wash discharge within the Las Vegas Bay. Annual and
seasonal limnological changes, water quality and flowrate of both the Wash and the
Colorado River, Lake storage levels, and several other factors govern the movement of
the Wash within Lake Mead. The past perchlorate levels at several sampling locations
were evaluated to study seasonal and long-term changes, and spatial variations of
perchlorate levels in Lake Mead. Data on perchlorate levels, TDS, Wash flow, and Lake

storage volume were used in the analysis presented here are given in Appendix A.

4.1 Historical Perchlorate Concentrations along the Las Vegas Wash

Frozen water samples from several locations in the LVW were analyzed.
Alithough the Wash originates from the Spring Mountains, 28 miles north of Las Vegas
(Bierly et al, 1980), it does not support a continuous flow until it reaches discharge point

of the Las Vegas City WWTP. The effluent from the CCSD WWTP is also discharged

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

into the Wash approximately 800 m downstream from the City discharge. The first
perchlorate sampling point of the Wash (LVWI) is located approximately 2 km
downstream of the discharge point of the CCSD WWTP. The next perchlorate sampling
point is LVW3K, and this is located near the Three Kids Mines area, approximately 11
km downstream of the City WWTP. The main perchlorate seepage from the BMI area
and the discharge of the Henderson WWTP are added to the Wash between LVW1 and
LVW3K, approximately 7 km downstream from the City WWTP discharge point. The
sampling point LVWS5 is located approximately 4.5 km downstream from LVW3K (16
km downstream from the City WWTP discharge).

The availability of frozen samples from both upstream and downstream of the
contaminant seepage area for the last ten years provides the opportunity to investigate
the total perchlorate loading from the contaminated area, and it also allows for the
observation of temporal variations in perchlorate levels. However, there are several other
factors that need to be investigated further in order to understand the transport of
perchlorate in the Wash. For example, how do perchlorate levels change with respect to
external factors? These could include natural factors such as floods, hydrogeological
changes within the drainage area, or changes in the discharge practices adopted by the
industries. Another important factor is the correlation between perchlorate levels and
other water quality parameters such as total dissolved solids (TDS).

Analysis of the frozen water samples from sampling point LVW1 (Figure 4.1)
shows that perchlorate concentrations upstream of the contaminated site are relatively
low (average 8.8 ppb). Perchlorate concentration at this point remained relatively

constant during the period analyzed. The presence of perchlorate at LVW1 is believed to
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be caused by the unintentional long-term use of perchlorate-containing coagulation
chemicals at the City of Las Vegas WWTP. The perchlorate levels in the LVW
increased by a factor of 70-100 once it reaches the downstream portion of the
contaminated site (Figure 4.4).

The perchlorate concentrations in the LVW3K sampling point. averaged about
570 ppb before 1995, and have increased and stabilized around 870 ppb after 1995
(Figure 4.2). Notice that the flow of the wash for the two periods did not change
significantly (increase of about 15%, from 182 cfs to 211 cfs). One would expect lower
perchlorate concentrations with higher flows, but that is not what was observed. Thus.
there may have been other factors controlling perchlorate concentrations in the Wash.
The flow data for the Wash for the period of concern was obtained from the US
Geological Survey (USGS, 2001). The LVWS5 sampling point located further
downstream from LVW3K had an average perchlorate concentration of 530 ppb until

1995, and averaged about 800 ppb from 1995 (Figure 4.3).

Sampling Location : LVW1

2 100
=
: & AN
¢ \ Ave=88
L 4 Std=8.0
g 2
3 20
0

May-90 Sep-91 Jan-93  Jun-94  Oct-95 Mar97 Jul98 Dec-99 Apr0l
Date

~&— Perchlorate

Figure 4.1: Perchlorate Concentrations of LVW1 Sampling Point
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