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EXECUTIVE SUMMARY

Nonpoint source (NFS) discharges to aquatic systems have been identified by the
U.S. Environmental Protection Agency (USEPA) and other professional water quality
scientists as important sources of pollutants. In many cases, these pollutants interfere with
the intended beneficial uses of these waterbodies. Indeed, this problem is of such wide-
spread occurrence that Congress enacted Section 319 of the Clean Water Act (in 1987) and
established a national program to assess and control NPS pollution. Since that time, the
States have begun to address concerns by formally documenting existing NPS problem
sites and conducting reconnaissance studies to identify previously unknown problem sites.
The Clean Water Act (as amended in 1987) extended the opportunity for Indian Tribes to
take a greater administrative role in environmental protection within their borders.
However, many Tribes do not have the institutional capability nor the historical data base
to immediately begin NPS implementation projects. Because of this deficiency, USEPA
made $500,000 of Abatement, Compliance and Control funds available during FY 1992,
nation-wide, to assist Tribes to become eligible for Section 319 grants. The Pyramid Lake
Paiute Tribe received $48,000 of these monies to begin the process of NPS pollution
control to waters of their reservation.

With this report, the Pyramid Lake Paiute Tribe is seeking to expand the scope of
its environmental responsibilities to the area of nonpoint source (NPS) pollution. The
Tribe recognizes the potential negative impacts of NPS to both Pyramid Lake and the
lower Truckee River and wishes to continue existing and begin new actions which will
reduce pollutant discharges to these waterbodies. As is policy of the USEPA, Indian
Tribes must meet two important pre-conditions before they can be eligible to receive NPS
implementation grants under section 319 of the Clean Water Act. First, they must meet
the requirements for treatment as a State, and second, they must have an USEPA approved
NPS assessment and management program. This report is intended to fulfill this later
requirement.

The specific .objectives of this report are to: (1) Assist the Tribe in their efforts to
obtain Section 319 Program Authority; (2) Identify and assess sources of NPS pollution

on Tribal lands to Pyramid lake and the Truckee River, (3) Improve the scientific data
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base used to evaluate NFS pollution; (4) Create a priority list which ranks identified NFS
pollution on the basis of magnitude, impact to beneficial uses(s), and probability of
successful abatement; (5) Present the Tribe's procedural goals for controlling NFS

pollution within the reservation; (6) Define institutional responsibilities for implementation
of NFS pollution control projects; (7) Summarize Tribal activities in NFS control and the

role of county, state and federal agencies in achieving this control. These objectives were
met through a combination of field studies to define NFS problems, review of past studies,
review of current proposals, and conversations with Tribal members. The contents of this
report are a summary of those activities and a presentation of a comprehensive NFS

management plan.

The importance of NFS problems on the reservation identified in the assessment

portion of this report were evaluated based on a conceptual ranking system developed as
part of this project. The system was designed to take into account the waterbody affected,
the types of water quality problems, and the likelihood of successfully abating adverse

effects on water quality. Overall, the importance of the each NFS source was evaluated by
assigning qualitative numeric scores to seven criteria categories and summing the
cummulative score for all categories. By utilizing a number of selection criteria, the
system summarizes both the relative importance of different NFS problems on the
reservation and the types of water quality problems associated with each source. The

maximum possible score for any NFS problem is 25 points. It is noteworthy that points
are only awarded for NFS inputs that are perceived to have a detrimental effect on water
quality. For example, nutrients may have a positive or negative impact on water quality,
depending on the timing and circumstances of their input.

Our assessment of NFS pollution on the reservation indicates that NFS inputs have
a greater impact on the water quality of the Truckee River than Pyramid Lake. It is
noteworthy that inputs to the river may also degrade water quality in the lake through

discharge from the river to Pyramid Lake. In fact, the NFS problems with the greatest
impact on Pyramid Lake water quality all originate along the Truckee River. These are
upstream inputs, Fernley groundwater inflow, irrigation of croplands downstream of

Wadsworth, and groundwater inflow along Dead Ox Meadows. Overall, the top nine NFS
problems on the reservation affect the water quality of the Truckee River.

The largest NPS problems are associated with agricultural activities on and off the
reservation involving the irrigation of croplands. Indeed, five of the top nine problems

from our assessment (score > 5) are affected by return flows from irrigated fields. These

include upstream sources, Herman Ditch, Fernley groundwater, Wadsworth irrigation, and
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strategies to reduce NFS loading to the river associated with irrigation practices on the
reservation. In particular, the largest inputs of TDS appear to be associated with regions
of high groundwater TDS concentration. The management plan should include the further
characterization of groundwater composition along the river. In regions of high

groundwater TDS concentration, alternative irrigation practices (greater efficiency) should

be developed to reduce the transport of subsurface return flow to the river. A strong
education component to the irrigation management plan will also be essential to develop a
spirit of cooperation with individual farmers.

The Tribe has begun the process of restoring the habitat along the Truckee River
for wildlife and the native Pyramid Lake fishery. These efforts include the development of
alternative winter rangeland for cattle (range management plan) and evaluating techniques

to reestablish a riparian cottonwood forest along the river. The Tribe should continue to
protect natural cottonwood growth through cattle exclusion from riparian areas and to
identify areas in which selective planting techniques would enhance cottonwood survival.
Additionally, the Tribe should continue to participate in regional planning committees to

direct restoration efforts focused on the Truckee River watershed by other governmental or
private entities. The restoration of the Truckee River should receive a high priority in NFS
management by the Tribe due to the overwelming importance of stable habitat for the

recovery and protection of the river as a native coldwater fishery, an important beneficial
use.

The Tribal NPS control program described here will be jointly administered by the
three Tribal agencies: Environmental Department, Water Resources Department, and
Pyramid Lake Fisheries. Typically, the Environmental Department will process proposal

and applications while the Water Resources Deparment and Pyramid Lake Fisheries will
provide technical expertise for their respective areas. The responsibilities of each agency
are identified in recommendations chapter of this report along with implementation
milestones for the recommended NPS management program for the Pyramid Lake Paiute

Indian Reservation.
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CHAPTER 1

INTRODUCTION

1.1 Background .

Nonpoint discharges have been identified by the U,S. Environmental Protection
Agency (USEPA) and other professional water quality scientists as important sources of
pollutants which can be transported to receiving waters. Li many cases these pollutants
interfere with the intended beneficial uses of these waters. Indeed, this problem is of such
wide-spread occurrence that Congress enacted Section 319 of the Clean Water Act (CWA)
of 1987 and established a national program to assess and control nonpoint source pollution
(NFS). The CWA states specifically:

... it is the national policy that programs for the control of nonpoint sources of
pollution be developed and implemented in an expeditious manner so as to enable
the goals of this Act to be met through the control of both point and nonpoint
sources of pollution.

Since that time, the States have begun to address concerns by formally documenting
existing NPS problem sites and by conducting reconnaissance studies to identity new or
previously unknown problem sites. Recently, the USEPA has granted Treatment as a
State' (TAS) or 'Program Authority' (PA) status to Indian Tribes to enable them to take a
greater administrative role in environmental protection within their borders. Unlike the
States, however, many Tribes do not have the institutional capacity nor the historical data
base to immediately begin NPS implementation projects. Because of this deficiency,
USEPA made $500,000 of Abatement, Compliance and Control funds available during
FY 1992, nation-wide, to assist Tribes to become eligible for Section 319 grants. The
Pyramid Lake Paiute Tribe received $48,000 of these monies to begin the process of NPS
pollution control to waters of the reservation. p/--/-^ */- /

The Pyramid Lake Paiute Tribe (referred to subsequent
TAS status on June 28, 1990 for the purpose of developing w

Pyramid Lake and a portion of the lower Truckee River. Cur
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administering funding under Section 106 of the CWA - Water Pollution Control Program -

to evaluate water quality conditions in Pyramid Lake, and to a lesser extent the Truckee

River. The overall objectives of that study are to: (1) review and evaluate existing data

for Pyramid Lake and the lower Truckee River, (2) implement a well designed long-term

water quality monitoring plan for the lake while at the same time increasing the

capabilities of the Tribe's resource agency in these matters, (3) conduct basic experimental

research to determine the important internal (within lake) and external sources of nutrients,

to identify nutrient impacts on algal production and their ultimate fate, and to identify
important mechanisms which regulate water quality within the lake, and (4) construct

conceptual and mathematical models to predict water quality as a function of nutrient
levels. This work on Pyramid Lake and the lower Truckee River is currently being done

in cooperation with the University of California at Davis and the results are critical to the

Pyramid Lake Paiute Tribe's efforts to protect their water resources. Pyramid Lake and the

lower Truckee River are the only significant surface water bodies on Tribal property, and
work on the water quality standards is near completion.

Historically, Pyramid Lake was renown for supporting a tremendously productive
fishery for both Lahontan cutthroat trout and cui-ui. The Tribe had subsisted on that

fishery for thousands of years. However, both species of fish are obligate stream

spawners. As a result of an access problem to the Truckee River for spawning created by

upstream water diversions, the Lahontan cutthroat trout became extinct in Pyramid Lake by

the 1940's and the cui-ui population was nearly destroyed as well. In addition to affecting

the life cycles of the lake's fish population, the decrease in lake volume caused by water

diversions was accompanied by an increase in salinity; today the lake is classified as

saline with a concentration of approximately 4 parts per thousand.

Significant effort has been expended over the past 15 years to address the problems

created by the decreased quantity of water flowing into Pyramid Lake and access has been

provided for the cui-ui to spawn in the Truckee River. These fish are still on the Federal

Endangered Species List, but maintenance of a viable population looks promising. The
Lahontan cutthroat trout have been reintroduced to the lake and a successful sport fishery

for these trout presently exists. The Tribe presently manages this fishery and obtains 75%

of its non-federal revenue from this fishery. The trout population is currently maintained
through a hatchery program Which employees 25 Tribal members. Due to the problems
that hinder natural reproduction, the trout population is still federally listed as threatened.
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Water quantity was responsible for the devastation of Pyramid Lake's fish
population in the past. However another threat, namely water quality, poses a serious
problem to the lake's future. The water quality problems arise largely from upstream
development. Over the past one hundred years, the lake has been subject to the effects of
logging, agriculture, and urbanization. All of the practices have resulted in significant
quantities of nutrients and other pollutants, which have been transported downstream to
Pyramid Lake. Phosphorus levels in the lake are presently range from 50-80 ug/1. Huge
blooms of the nitrogen fixing blue green alga, Nodularia spumigena, occur on the lake

. during summer months of some years, limiting recreation. Upon death and decomposition,
these algal mats consume oxygen in the lake, posing potential threats to the fish
population. In addition, the nitrogen released from these blooms can be important to the
lake's nutrient budget (see below).

Upstream development of the Reno metropolitan area is occurring at a rapid rate
and river disposal of sewage effluent continues to add nutrients to the lake. It is known
that water quality in the lower Truckee River (that segment of the river downstream of
Reno) has been significantly impacted by point discharge of secondary treated effluent
from the Truckee Meadows Water Reclamation Facility (TMWRF), located only 60 miles
from Pyramid Lake. Tertiary phosphorus removal was implemented in 1982 as part of
treatment facility expansion from 20 MOD to 30 MOD (a MGD is a million gallons per
day). Recent installation of tertiary nitrogen removal (denitrifieation) structures at the
TMWRF has helped reduce downstream nitrogen loads. However, given recently
discussed plans to expand to a 60 MGD facility, nutrient loading to Pyramid Lake will
continue. In addition, significant non-point sources exist upstream of the Tribe's
reservation in agricultural areas which deliver nitrogen and phosphorus to the lake. NPS
control of both on-reservation and regional sources are essential parts of the Tribe's future
surface water protection activities.

The Clean Water Act (CWA) requires states, and allows tribes, to adopt water
quality standards and submit those standards to the U.S. Environmental Protection Agency
for approval. The Pyramid Lake Paiute Tribe is currently near completion of this process.
Implementation of these standards is partially achieved by permitting point source
discharges to surface waters. While states and tribes can permit nonpoint sources if
desired, they are otherwise exempt from federal permitting requirements.

The CWA, as amended in 1987, includes a new Section 319 entitled Nonpoint
Source Management Programs. Section 319 requires states (and tribes) to identify those
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categories of nonpoint sources which add significant pollution to surface waterbodies.
Further, it requires that process for identifying best management practices (BMPs) to
control NFS pollution be identified and that they be reduced to the maximum extent

practicable. Section 319 (h) discusses grants for the implementation of NFS management

programs. This assessment and management report is the Pyramid Lake Paiute Tribe's

response to this requirement. The Tribe is also using this report to obtain Program

Authority to directly submit grant applications for funds available to tribes under
Section 319.

An enabling ordinance has recently been adopted by the Pyramid Lake Paiute Tribe

which regulates the discharge of pollutants into waters and the reservation. The Tribal

Council enacted this ordinance to maintain and enhance the quality of reservation waters.

It is also part of the process for the Tribe to achieve Program Authority with respect to

Water Quality Standards under Section 303 of the CWA. The Tribe will enact a
comprehensive water quality ordinance regulating the discharge of pollutants into the

waters of the reservation and into the waters that enter the Reservation. Specific

prohibited discharges are presented in the enabling ordinance and civil penalties are
defined.

-\

1.2 Site Description

The Pyramid Lake Paiute Tribe has depended on the lake and its surrounding
environment for subsistence since long before settlers came to the region. Because of arid

conditions in the region, the Desert Culture which developed around the lake utilized a

variety of plants and animals. However, the fishery of Pyramid Lake was of central

importance, especially the cui-ui (Knack and Stewart 1984). The identity of the Tribe with
the resources of the lake is clearly evident in their Tribal name, which is the Kuyuidokado

or cui-ui eaters. The discovery of the lake in 1844 by John Fremont preceded a period of

rapid development in western Nevada that forever transformed the Truckee River

watershed and the Pyramid Lake basin. Over the past 150 years, the history of the Tribe
illustrates a people who have fought to preserve the riches of Pyramid Lake amidst

conflicting ideas of how land should be used today and tomorrow.

The present day homeland for the Tribe includes both Pyramid Lake and a 23 mile
stretch of the Truckee River, which is the only permanent inflow to the lake. These are

the primary surface water resources on the reservation that are potentially affected by

nonpoint source inputs of pollution. Emphemeral (occasional flow) streams also provide a
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small amount of water to the lake following winter storms and during spring snowmelt
around the lake (Lebo et al. 1993c).

Truckee River

The Truckee River drainage basin has been dominated by man's activities during
the past century with agricultural and municipal development affecting both the quantity
and quality of inflow to Pyramid Lake. In 1905, the construction of Derby Dam 56 km
upstream from Pyramid was completed, and diversion of Truckee River water out of the
basin began (see Fig. 1.1). This transbasin diversion of water from Truckee River,
averaging 42% of total flow (Milne 1987), has had a dramatic effect on the water level of
Pyramid Lake. Concurrent with the reduction in the quantity of inflow to the lake has
been increased nutrient loading to Truckee River due to population growth in the Reno-
Sparks region. In addition to municipal inputs, the Truckee River also receives significant
nutrient loadings through agricultural return flows (Brock 1991; Reuter and Goldman
1993). These form part of the nonpoint source inputs to the Truckee River.

Several investigations of the flow characteristics of the Truckee River have been
conducted over the past 20 years including an extensive study by the United States
Geological Survey (USGS). Brown et al. (1986) presented a summary of the fundamental
physical elements of the hydrology of Truckee River. In that summary, the authors
identified four themes that dominate the hydrology of Truckee River: (1) the geomorphic
uniqueness of the region, (2) the extensive network of pipes, flumes, and canals with flow
controlled by dams and gates (see Fig. 1.1), (3) the relentless demand for water by
numerous interests, and (4) the institutions that direct the allocation of water.

The hydrologic setting of the Truckee River is dominated by reservoir storage and
release, with approximately 70% of Truckee River flow passing through reservoirs
(Fig. 1.1, Milne 1987). Precipitation in the region is distinctly seasonal occurring mainly
as snow during November-May. Generally, Truckee River flow begins to increase in
November when regional precipitation commences and reaches maximum values in May
during peak snowmelt. For 1973-1987, Galat (1990) reported average discharge to
Pyramid Lake during May alone accounted for 18% of the annual total. Truckee River
flow decreases following May to seasonal minimal values during July-October, with
discharge during those four months accounting for only 13% of the annual total.
Occasionally, midwinter floods can occur when warm rain falls on the snowpack. For
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Figure 1.1. Map of the Truckee River watershed. The Truckee River system begins at Lake
Tahoe and ends at Pyramid Lake, with inflows to the river regulated by several reservoirs.
The dashed line enclosing Pyramid Lake is the reservation boundary.
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example, maximum flow (>10,GGO ftVsec) during 1986 occurred on February 18-20

following a major winter rain event in the Sierra Nevada (see Lebo et al. 1993c).

Interannual variations in Truckee River flow are large due to the dependence of

annual flow on total snow accumulation the previous winter in the Sierra Nevada

Mountains to the west. Lebo et al. (1993c) discuss annual inflow variations for the

Truckee River into Pyramid Lake. The mid-1980's were a period of extremely high flow

with an average flow of 1,020,000 acre-ft/yr during 1982-1986. In contrast, flow was

extremely low (<2QO,OOG acre-ft/yr) during 1977-1979 and 1987-1992 reflecting regional

droughts. When annual flow data were grouped in intervals of approximately 160,000
acre-ft/yr, there was no central tendency of flow toward a median value indicating a large

number of years with both low and high flow.

The channel of the Truckee River has been heavily influenced by changes in river
flows and physical modifications by private landowners and various agencies (USAGE

1992). Since 1900, the lower Truckee River and its floodplain have been affected by

channelization, transbasin and local water diversions, channel modifications for flood

control, timber harvesting, major flood events, beaver introduction, livestock grazing of
riparian vegetation, and lake level drop in Pyramid Lake. Structural changes to the

channel of the river were primarily effected by the Army Corps of Engineers to provide

flood control for communities around Lake Tahoe and within the Truckee Meadows. The

Corps work left the channel of the Truckee River less resistant to high flows and

contributed to devastation of the river within reservation boundaries when flood events

occurred during the 1960's and in later years.

Numerous studies over the past two decades have examined the degradation of

water quality in the lower Truckee River (below Derby Dam). Water quality degradation

in the Truckee River involves changes in several constituent concentrations, and we focus

here on three general categories. These are total dissolved solids (TDS), nutrients, and the

total suspended sediment (TSS). An additional issue of primary concern on the lower river
is high summer water temperatures, which make the river unsuitable for coldwater fish

species. We do not include temperature in our nonpoint source assessment because it is a

major component of a Draft Environmental Impact Statement that is currently being

prepared for the Truckee River to evaluate different reservoir operation scenarios for the

system. Further, high water temperature is largely a function of water supply and not

nonpoint source inputs to the lower river.
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The degradation of water quality along the lower Truckee River can be attributed to
several factors including low flows, irrigation return flows, and groundwater accrual.
Brock (1991) surveyed nutrient loading to the lower Truckee River during September 1989

and concluded that both irrigation returns and groundwater inflow contribute to total

nutrient loads. Groundwater inflow to the lower river is an especially important

determinant of water quality during periods of low flow (<30 cfs) when it can contribute
the majority of total flow (Bratberg et al. 1982; Nowlin 1987). Further, several authors
have identified groundwater inputs between Wadsworth and Nixon to be responsible for
the large increase in TDS commonly observed in that stretch of the lower river (e.g. Brown

et al. 1986).

The characteristics of water inputs to the river vary greatly among different
stretches of the lower Truckee River. Bratberg et al. (1982) identified two regions of the
river that experience a rapid increase in TDS concentration. These are downstream of
Wadsworth where groundwater from Fernley enters the river and along the northern
portion of Dead Ox Meadows (see Fig. 1.2). For the changes observed in those two

regions, the authors identified distinctly different groundwater composition. Near
Wadsworth, the average composition of groundwater inflow, based on observed changes in
river flow and composition, was determined to be a mixture of sodium, calcium, sulfate,

and chloride. The mixture of salts in groundwater near Wadsworth was contrasted by the
input of predominantly sodium and chloride along Dead Ox Meadows. These changes in
the observed composition of Truckee River waters were supported by analysis of the
groundwater in each of the two regions.

Pyramid Lake

Pyramid Lake is a slightly saline, desert terminal lake in the Great Basin of the
western United States. It is a remnant of Lake Lahontan, a much larger lake system that
covered a large portion of the Great Basin during the Pleistocene. At its greatest size,
Lake Lahontan cove-red 8700 mi2 (Galat et al. 1981) and there were seven topographic
basins comprising the lake (Benson et al. 1991). The area of Lake Lahontan began to
decrease approximately 9500 years ago (Benson et al. 1990) leaving only a few remnants,
such as Pyramid Lake. Due to regional climatic variations, the water level in Pyramid
Lake fluctuates naturally over time and reached a relative minimum 5000 years ago
(Benson 1978). Water level in the lake has been generally rising since that minimum until

agricultural water diversions began in the early 1900's. Pyramid Lake is a graben lake that

occupies a tectonic basin oriented in a north-south direction in northwestern Nevada. The
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Numana Hatchery

Wadsworth*

Derby Dam

Figure 1.2. Map of Pyramid Lake and lower Truckee River downstream of Reno-Sparks.
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lake is entirely contained within the reservation and is surrounded on the east and west by
mountains that are sparsely vegetated (Figs. 1.1 and 1.3).

Pyramid Lake is a warm, monomictic lake (mixes each winter), although deep

mixing can be inhibited in'years with high river inflow due to salinity gradient within the

lake (e.g. Galat and Verdin 1988). Complete deep mixing of surface and bottom waters
generally occurs during January-March, when the lake is unstratified (Galat et al. 1981).

Thermal stratification of surface waters is usually pronounced by July of each year with a

strong thermocline forming at 16-22 m (Galat et al. 1981; Lebo et al. 1992a). In years of

high river inflow, salinity stratification in surface waters can also be important. Dissolved
oxygen (DO) concentration in surface waters is near or above saturation with the
atmosphere throughout the year. However, DO concentration in bottom waters

progressively decreases after winter mixing to values <2 mg/L by late fall (Kennedy et al.

1977; Sigler and Kennedy 1978; Galat et al. 1981). Thus, DO in bottom waters depends
on annual deep mixing for replenishment, with prolonged periods of low bottom water DO

when winter deep mixing does not occur. In addition to bottom water depletion, a relative
minimum in DO concentration often occurs during summer stratification just below the

thermocline due to decomposition of slowly sinking surface phytoplankton production
(Sigler and Kennedy 1978; Hamilton-Galat and Galat 1983).

Historically, all of the flow of the Truckee River reached the lake. Since Pyramid

Lake lies in a closed basin (e.g. no outflow), water level of the lake is determined by a

balance between inflow and evaporation. The evaporation rate at Pyramid Lake has, been
estimated through field measurements and computer simulations to be 3.9-4.6 ft/yr (Galat

et al. 1981; Milne 1987; Hostetier and Bartlein 1990; Lebo et al. 1994b). Assuming a lake

area of 175 mi2, an average Truckee River inflow to the lake of approximately 380,000

acre-fi/yr is needed to offset evaporative loss. In 1905, the water balance of Pyramid Lake

was drastically altered by the construction of Derby Dam on the Truckee River
approximately 56 km upstream from the lake as part of the first land reclamation project in

the United States (see Figs. 1.1-2). This transbasin diversion of water from the Truckee
River, averaging 42% of total flow (Milne 1987), has had a devastating effect on the water

level of Pyramid Lake. Since the construction of Derby Dam, water level has dropped
approximately 65 ft due to a 27% decrease in the volume of the lake (Fig. 1.4). The

present elevation of the lake is approximately 3800 ft (1992, USGS, Carson City, Nevada).

The chemical composition of Pyramid Lake has been only sparsely sampled during

declining lake level in the twentieth century due to diversions of Truckee River water for
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Figure 1.3. Picture of Pyramid Lake from western shore near Sutcliffe. Sparsely vegetated
shoreline is evident in the foreground while mountains surrounding the lake are visible in
the background.
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Figure 1.4. Historical lake levels of Pyramid Lake. Values are from the U.S. Geological
Survey (Carson City, Nevada).

CH-01.NPS 11 October 17, 1994



Introduction . DRAFT

agriculture. Pyramid Lake is highly alkaline with current alkalinity and pH values of 1400

mg/L (bicarbonate) and 9.1-9.3, respectively (Lebo et al. 1992a). The earliest information
about the chemistry and geology of me lake comes from the late 1800's and early 1900's

(King 1878; Russell 1885; Jones 1914).. In 1913, Jones (1914) reported that total dissolved

solids (TDS) concentration was 3924 mg/L. This is substantially, lower than the present

TDS concentration in Pyramid Lake of 5300-5500 mg/L (Lebo et al. 1994b), with the
increase in TDS since 1913 reflecting water loss from the lake. The dominant ions in

Pyramid Lake waters are sodium, chloride, and carbonate-bicarbonate (Sigler and Kennedy

1978; Galat et al. 1981). At all times, lake waters are supersaturated with respect to
aragonite (Galat and Jacobsen 1985) and the precipitation of calcium carbonate (e.g.
whiting events) periodically occurs in epilimnetic waters during summer (Galat and

Jacobsen 1985; Galat et al. 1990).

Seasonal variations in nutrient concentrations follow the mixing cycle of the lake.
As a monomictic lake, concentrations of nutrients (nitrate, phosphate, and silicate) are

highest in surface waters of Pyramid Lake during winter mixing followed by rapid

depletion of nitrate and silicate during the early spring due to phytoplankton utilization.

Although some depletion of phosphate also occurs, concentrations are always high and
never limiting to phytoplankton; dissolved phosphate concentrations are >50 pg/L

throughout the year (Hutchinson 1937; Kennedy et al. 1977; Sigler and Kennedy 1978;

Galat et al. 1981; Lebo et al. 1993b). Following spring nutrient depletion of surface

waters, nutrients accumulate in bottom waters until being mixed into surface waters the
next winter (Galat et al. 1981; Hamilton-Galat and Galat 1983). As originally reported by

Hutchinson (1937), Pyramid Lake is nitrogen deficient, with a dissolved elemental N:P

ratio of <2 at all times (Reuter et al. 1993; Lebo et al. 1994a).

Lebo et al. (1993c) presented nitrogen budgets for Pyramid Lake for different

hydrologic scenarios and 1973-1987 and 1989-1991 periods. In Pyramid Lake, nitrogen

loading and cycling is extremely important to our understanding of the overall productivity

of the system due to extreme nitrogen deficiency at all times. Home and Galat (1985)
presented a simple nitrogen budget for the lake using data collected in 1979. Lebo et al.

greatly expand upon that budget to include variable river inflow, .variable N2 fixation,
stream inflow, and burial in the sediments. A simple comparison of nitrogen sources to

Pyramid Lake indicates that there are three main pathways through which nitrogen enters

the water column. These are river loading, N2 fixation during N. spumigena blooms, and

release of DIN from sediments. In the whole-lake nitrogen budgets, there is a tremendous

range in potential annual nitrogen input to Pyramid lake due to large variations in the size
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of the summer-fall N. spumigena bloom. The range is particularly large under drought
conditions with a fourfold difference in dissolved inorganic (DIN) and total (TN) nitrogen
input to the lake between years with small and large blooms.

The relative contributions of the three dominant sources changed along the river
inflow gradient used to define budget scenarios. In the drought budget, internal sources of
DIN contributed the vast majority of both DIN (93-99%) and TN (80-96%) inputs. The
hydrologically balanced .nitrogen budget (inflow = evaporation), in contrast, displays a
more even distribution between all three sources. Finally, N2 fixation and river loading
dominate nitrogen inputs under high flow conditions. The average budgets for 1973-1987
and 1989-1991 are similar to budgets derived for different hydrologic conditions. For
1973-1987, the relative contributions of different nitrogen sources to the lake are very
similar to midpoint values for the hydrologically balanced scenario. In contrast, the
1989-1991 nitrogen budget is identical to the one derived for low productivity, drought
conditions. Mass balances for the input and removal of nitrogen from Pyramid Lake
during 1973-1987 and 1989-1991 indicate that denitrification removed a large (62%)
fraction of nitrogen inputs in the former period but was unimportant during 1989-1991.

1.3 Project Description

With this current report, the Tribe is seeking to expand the scope of its
environmental responsibilities to the area of nonpoint source (NPS) pollution. The Tribe
recognizes the potential negative impacts of NPS to both Pyramid Lake and the lower
Truckee River and wishes to begin actions which will reduce pollutant discharges to these
waterbodies. As is policy of the U.S. Environmental Protection Agency (USEPA), Indian
Tribes must meet two important pre-conditions before they can be eligible to receive NPS
implementation grants under section 319 of the Clean Water Act. First, they must meet
the requirements for treatment as a State, and second, they must have an USEPA approved
NPS assessment and management program. This report is intended to fulfill this later
requirement. The specific objectives of this report are to:

1) Assist the Tribe in their efforts to obtain Section 319 Program Authority

2) Identify and assess sources of NPS pollution on Tribal lands to Pyramid lake
and the Truckee River

3) Improve the scientific data base used to evaluate NPS pollution
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4) Create a priority list which ranks identified NFS pollution on the basis of
magnitude, impact to beneficial uses(s), and probability of successful
abatement

5) Present the Tribe's procedural goals for controlling NFS pollution within the
reservation

6) Define institutional responsibilities for implementation of NFS pollution
control projects

7) Summarize Tribal activities in NFS control and the role of county, state and
federal agencies in achieving this control

These objectives were met through a combination of field studies to define NFS
problems, review of past studies, review of current proposals, and conversations with
Tribal members. The contents of this report are a summary of those activities and a
presentation of a comprehensive NFS management plan.
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CHAPTER 2

INPUTS TO PYRAMID LAKE THROUGH NATURAL PROCESSES

2.0 Chapter Summary

There are several natural processes which contribute to the nonpoint source (NPS)

nutrient, total dissolved solids (TDS), and sediment loads in aquatic systems. This
includes inputs such as atmospheric deposition, streams and overland flow, and
groundwater inflow. We include these natural processes in our assessment of nonpoint

source inputs on the reservation because each one can be affected by development within a

watershed or by transport from regional urban centers. The purpose of this chapter is to

evaluate how NPS inputs of nutrients, TDS, and sediment through natural processes

contribute to the total loadings to Pyramid Lake.

The amount of particulate matter deposited onto the surface of Pyramid Lake was

estimated by placing collectors at the center of the lake (raft) and near the shoreline at

Sutcliffe. These two locations were selected to represent the maximum and minimum

deposition rates to the lake surface. For seven monthly sampling periods in 1992,

deposition of inorganic material varied by over an order of magnitude from a minimum of

0.0037 g/m2/day at the raft in May to a maximum value of 0.11 g/m2/day in April on the
shore. Consistent with strong winter storms, dry deposition was highest during winter

1992 at 2.02 x 109 grams accounting for 49% of the annual total. Deposition was lowest

during fall at only 0.26 x 109 grams (6%). Overall, total dry deposition to the lake surface

during 1992 was 4.14 x 109 grams, which converts to nitrogen and phosphorus loadings of

9.3 and 6.0 Mg/yr, respectively.

The input of nutrients (nitrogen and phosphorus) to Pyramid Lake through
precipitation was estimated for a range of annual precipitation levels. Precipitation to the

lake surface for the different scenarios was determined from the long-term climate data
base available for Reno, Nevada. Precipitation in Reno was highest during winter months
with values >1 inch per month throughout December-February and a maximum value of

1.36 inches for January. Conversely, precipitation was greatly reduced during summer.

Nutrient concentrations, in contrast to precipitation levels, showed maximum values in
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precipitation during summer months and lower ones during the winter. Estimated
dissolved inorganic nitrogen (DIN) loading to Pyramid Lake was 2.4, 12.0, and 21.9 Mg-

N/yr for minimum, average, and maximum precipitation years. Phosphate (DRP) loading

was much lower than DIN at 0.05, 0.26, and 0.47 Mg-P/yr for the same three scenarios.

The low nutrient loading to Pyramid Lake through precipitation can largely be attributed to

the low annual rate of precipitation hi the region.

Galat et al. (1981) suggested that the mass of tumbleweeds blown into Pyramid

Lake may contribute to the overall carbon budget of the lake. In their 1977 study, the
authors constructed fences at several locations around the lake to trap tumbleweeds
transported by the- wind. The fences proved to be inefficient at collecting tumbleweeds but

did provide a minimum estimate of total input. We have used the results of that study to
provide estimates of the input of nitrogen, phosphorus, and total mass to Pyramid Lake

through wind-blown tumbleweeds. The average scenario for tumbleweed debris input
suggests that it may be a small source of nitrogen to the lake at 4.5 Mg-N/yr but is

probably unimportant for phosphorus (<0.6 Mg-P/yr).

Overland and ephemeral (i.e. occasional) stream flows are a common feature in

desert regions following storm events. Stream inflows to Pyramid Lake from storm events
and snowmelt from adjacent mountains are potentially important sources of nutrients, total

dissolved solids (TDS), and sediments to the lake. To evaluate loadings of these

constituents to Pyramid Lake by stream inflows, comprehensive surveys of streams flowing
into the lake were conducted during February .and March of 1993. Dissolved nutrient

concentrations in streams discharging to Pyramid Lake during the February and March

1993 surveys were variable but often quite high in both nitrogen and phosphorus. Despite

the high nutrient concentrations in the streams, the total daily loading of nutrients to the
lake from stream inflows was relatively small due to low total inflow. The input of TN,

TP, and sediment to Pyramid Lake for the two samplings ranged 18-28, 14-28, and 24000-

55000 kg/day, respectively.

Total nutrient loadings to Pyramid Lake for the February storm event and for

snowmelt were used to estimate annual nutrient loads. Because stream flow around
Pyramid Lake should depend on overall precipitation, we calculated annual values for the

minimum, average, and maximum scenarios used earlier in the chapter for precipitation.
These are 1.55, 7.56, and 13.7 in/yr, with values corresponding to minimum, average, and
maximum annual precipitation at Reno, Nevada, during 1888-1992. Total annual nutrient

loading to the lake from streams was small for all scenarios, with maximum inputs of
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precipitation during summer months and lower ones during the winter. Estimated

dissolved inorganic nitrogen (DIN) loading to Pyramid Lake was 2.4, 12.0, and 21.9 Mg-

N/yr for minimum, average, and maximum precipitation years. Phosphate (DRP) loading

was much lower than DIN at 0.05, 0.26, and 0.47 Mg-P/yr for the same three scenarios.

The low nutrient loading to Pyramid Lake through precipitation can largely be attributed to
the low annual rate of precipitation in the region.

Galat et al. (1981) suggested that the mass of tumbleweeds blown into Pyramid

Lake may contribute to the overall carbon budget of the lake. In their 1977 study, the

authors constructed fences at several locations around the lake to trap tumbleweeds
transported by the- wind. The fences proved to be inefficient at collecting tumbleweeds but

did provide a minimum estimate of total input. We have used the results of that study to
provide estimates of the input of nitrogen, phosphorus, and total mass to Pyramid Lake

through wind-blown tumbleweeds. The average scenario for tumbleweed debris input
suggests that it may be a small source of nitrogen to the lake at 4.5 Mg-N/yr but is

probably unimportant for phosphorus (<0.6 Mg-P/yr).

Overland and ephemeral (i.e. occasional) stream flows are a common feature in
desert regions following storm events. Stream inflows to Pyramid Lake from storm events

and snowmelt from adjacent mountains are potentially important sources of nutrients, total

dissolved solids (TDS), and sediments to the lake. To evaluate loadings of these

constituents to Pyramid Lake by stream inflows, comprehensive surveys of streams flowing
into the lake were conducted during February and March of 1993. Dissolved nutrient

concentrations in streams discharging to Pyramid Lake during the February and March

1993 surveys were variable but often quite high in both nitrogen and phosphorus. Despite

the high nutrient concentrations in the streams, the total daily loading of nutrients to the
lake from stream inflows was relatively small due to low total inflow. The input of TN,

TP, and sediment to Pyramid Lake for the two samplings ranged 18-28, 14-28, and 24000-
55000 kg/day, respectively.

Total nutrient loadings to Pyramid Lake for the February storm event and for

snowmelt were used to estimate annual nutrient loads. Because stream flow around
Pyramid Lake should depend on overall precipitation, we calculated annual values for the

minimum, average, and maximum scenarios used earlier in the chapter for precipitation-
These are 1.55, 7.56, and 13.7 in/yr, with values corresponding to minimum, average, and
maximum annual precipitation at Reno, Nevada, during 1888-1992. Total annual nutrient
loading to the lake from streams was small for all scenarios, with maximum inputs of
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nitrogen and phosphorus of only 1.5 and 1.2 Mg/yr, respectively. However, our estimates
for stream inflow to Pyramid Lake are lower than the value reported by Van Denburgh et
al. (1973) in a previous hydrologic survey of the region. Combining our estimate for
stream inflow in an average precipitation year with the one from Van Denburgh et al.
yields an input of 3620 acre-ft/yr. This revised value represents a best estimate of stream
inflow to Pyramid Lake in an average precipitation year. Under this revised scenario,
streams contribute small amounts of nutrients, TDS, and sediment to Pyramid Lake.

Groundwater inputs to Pyramid Lake are poorly characterized but have generally
been considered to be relatively small. Nutrient and TDS loadings to Pyramid Lake
through groundwater inflow were calculated from a revised estimate of inflow and
representative groundwater nutrient and TDS concentrations. DIN and DRP concentrations
used in the calculation were for the public well in Sutcliffe which were 0.32 and 0.065
mg/L, respectively. Conductivity of the well water was 1100 umhos/cm (TDS = 650
mg/L). Annual loading rates of nutrients and TDS through groundwater inflow were
calculated by multiplying total inflow by its nutrient and TDS concentrations.
Groundwater loading rates for DIN, DRP, and TDS were 9.2, 1.9, and 9300 Mg/yr,
respectively.

2.1 Introduction

There are several natural processes which contribute to the nonpoint source (NFS)
nutrient, total dissolved solids (TDS), and sediment loads in aquatic systems. This
includes inputs such as atmospheric deposition, streams and overland flow, and
groundwater inflow. We include these natural processes in our assessment of nonpoint
source inputs on the reservation because each one can be affected by development within a
watershed or by transport from regional urban centers. For example, the transport of
nutrients and trace elements from urban areas via storm systems has been well-documented
and is the subject of an intense computer modeling effort (Hansen et al. 1994). Further, it
is believed that the atmospheric input of nitrogen to Lake Tahoe at the headwaters of the
Truckee River watershed has been an important factor contributing to increased algal
production in that lake over the past two decades (Goldman 1988; Goldman et al. 1993;
Jassby et al. 1994). A second reason for including estimates of these somewhat natural
NTS inputs to Pyramid Lake is to provide a complete description of inputs to the system
for later comparisons.
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Lebo et al. (1993c) presented estimates of nitrogen and phosphorus inputs to
Pyramid Lake through natural processes as part of nutrient budgets prepared for the lake.
The focus of that study was to understand how the level of algal production in the lake is
affected by nutrient availability. In this chapter, we summarize some of the information
contained in that report and expand upon it to include sediment loading and TDS. The
purpose here is to evaluate how NPS inputs of nutrients, TDS, and sediment through
natural processes contribute to the total loadings to Pyramid Lake.

2.2 Atmospheric Loading

The input of nutrients to lakes through atmospheric deposition was originally
thought to be small and insignificant. However, recent measurements for a number of
lakes have revealed that precipitation and dry deposition can contribute a large amount of
total nutrient inputs (Wetzel 1983). In systems that are depleted in nutrients (i.e.
oligotrophic), precipitation can actually be a major source of nutrients stimulating algal
growth (Likens and Bormann 1972; Likens et al. 1977; Byron and Goldman 1985, 1986,
1988). Typically, rainwater is enriched in nitrogen relative to phosphorus (Downing and
McCauley 1992). Atmospheric loading, thus, could be an important source of nitrogen to
Pyramid Lake, which would stimulate algal growth (e.g. Reuter et al. 1993; Lebo et al.
1994a). This potentially stimulatory effect of atmospheric inputs is diminished by the arid
climate of western Nevada due to the rain shadow effect of the Sierra Nevada mountains.

We examine in this section the importance of precipitation and wind-transported
inputs of nitrogen, phosphorus, and total sediment to Pyramid Lake. The input of TDS to
the lake through atmospheric deposition is not estimated because the salt content of
regional storm systems is typically low (C. Goldman et al. unpubl. data). To estimate
inputs for the remaining quantities, data are used from a study of dry deposition (i.e. dust)
at the lake conducted during 1992, regional precipitation records, nutrient content of
precipitation at Lake Tahoe, and previous work by D.L. Galat (Galat et al. 1981; Home
and Galat 1985; Galat 1986). Atmospheric inputs to the lake are estimated for three
different pathways: dry deposition of particulate matter, precipitation, and wind-blown
tumbleweeds.

Dry Deposition i .

The amount of particulate matter deposited onto the surface of Pyramid Lake was
estimated by placing collectors at the center of the lake (raft) and near the shoreline at
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Sutcliffe. These two locations were selected to represent the maximum and minimum
deposition rates to the lake surface. Typically, dry fallout is greatest near the shoreline of
a lake and then decreases exponentially as one moves farther away from the lake margin
(e.g. Cole et al. 1990). The shoreline collector represented the maximum deposition rate
and was located approximately 200 feet from shore at the Resource Laboratory of Pyramid
Lake Fisheries. To estimate the minimum rate, a deposition collector was placed on a raft
located in the center of the lake (e.g. station 96).

Collectors were constructed from PVC pipe with a diameter and length of
approximately 10 and 60 cm, respectively. Attached to the bottom of the PVC pipe was a
plastic funnel to guide material falling into the collector to a 50 ml plastic beaker located
at its base. Dry deposition collectors were deployed during March-November 1992 to
provide estimates of dry fallout to the lake surface during late winter, spring, summer, and
fall periods. Material was retrieved during the eight month sampling period on seven
occasions at approximately monthly intervals. The one exception to monthly sampling was
during September-November when material was collected for two months.

Material retained in the dry deposition collectors was recovered by rinsing the
inside walls of the PVC pipe and the 50 mi beaker with deionized water and collecting the
residue in a clean one-liter polyethylene bottle. Duplicate portions of the residue solutions
retrieved from each of the two sampling locations were filtered onto preweighed GF/F
filters and dried at 60°C for several days. Filters were then heated at 450°C for two hours
and reweighed to determine the mass of inorganic particles on each filter. Due to
contamination of material collected in our traps by live insects, analysis of dry fallout was
limited to the mass of total inorganic matter. The total mass of material collected for each
sampling date and location was determined by multiplying by the ratio of total sample
volume to the volume filtered. Deposition rates are expressed in terms of the mass of
particulate matter falling on a square meter of lake surface per day (g/m2/day).

Table 2.1 lists the measured rates of dry deposition at the raft and shore sites in
Pyramid Lake for March-November 1992. For the seven sampling periods, deposition of
inorganic material varied by over an order of magnitude from a minimum of 0.0037
g/m2/day at the raft for the May sampling to a maximum value of 0.11 g/m2/day in April
on the shore. For all sampling dates except June, deposition at the raft site in the center of
the lake was lower than the value estimated near the lake shoreline. This general pattern
was expected and is consistent with an exponential decrease in the rate of deposition as
one moves away from the source of particulate matter from the surrounding landscape.
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Table 2.1. Rates of dry deposition (g/m2/day) at the raft and shore sites in
Pyramid Lake. Values are for the inorganic content of total deposition (see
text). Collection of material at each site began on the previous sampling
date. The exponential coefficients (I/km) listed are average values for each
season and were determined using equation 2-2.

Collection
Date

March 18, 1992

April 9

May 4
June 2

July 7
August 14
September 8

November 17

Shore

—

0.11

0.046
0.0045 *

0.040
0.020
0.032

0.010

Raft

0.014

0.0037
0.0053

0.024
0.013
0.032

0.0038

Season

winter

spring
spring

summer
summer
summer

fall

Exponential
Coefficient

0.16

0.17

0.03

0.07

(*) not included in calculation (see text)

Table 2.2. Seasonal dry deposition (g/m2/day) to Pyramid Lake by region.
Seasonal and annual mass loadings are in 109 grams dry weight to the entire
lake surface. Regions are defined by distance (km) from the closest
shoreline.

Mass
Season 0-3.3 3.3-6.7 >6.7 Loading

Winter

Spring

Summer

Fall

Total

0.085

0.034

0.029

0.0089

..

0.050

0.019

0.028

0.0070

„

0.014

0.0045

0.023

0.0038

„

2.02

0.78

1.08

0.26

4.14
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The one exception for the 1992 study period is for June when deposition at the raft was
higher than at the shore site. This indicates a problem with one of the estimates for that
date. When the deposition estimates for the June sampling are compared with other
months, it is clear that the problem is with the estimated rate for the shore site; deposition
at the raft site during June was similar to May while deposition at the shore collector
decreased by an order of magnitude over the same period. Because measured deposition at
the shore site for June deviates substantially from values for both the preceding (May) and
subsequent (July) sampling occasions without a corresponding change at the raft site, we
have excluded the June shore value from seasonal averages deterr .ined below.

Sampling dates were grouped by season to calculate quarterly averaged rates of dry
deposition at the raft and shore sites. Table 2.1 lists the classification of each sampling
date in the determination of quarterly averages. Estimated deposition for all sampling
dates in each season were averaged to derive a single seasonal value at both the raft and
shore locations. These seasonal averages were then used to calculate total deposition to
the lake surface for each season. To extrapolate data from the two sampling sites to the
entire lake, we assumed that deposition (or particle flux) onto the surface of Pyramid Lake
decreases exponentially with distance from land (e.g. Cole et al. 1990). The data for the
two sites was used to determine the coefficient (k) describing this exponential decrease
with distance from shore according to:

Flux = Flux shore • [ exp( - k • distance ) ], (2-1)

k = - ln( Flux raa / Flux shore) / 13.3, (2-2)

where the subscripts denote the location and 13.3 is the distance (km) from the raft site to
the northwestern shore of the lake (prevailing wind direction). Separate coefficient values
were calculated for each season.

The exponential coefficient (k) determined for each season was used to calculate
deposition to the entire lake surface. To extrapolate to the entire lake, the total surface
area of Pyramid Lake was divided into three regions based on distance from the shoreline
of the lake: 0-33, 3.3-6.7, and >6.7 km (Table 2.2). The area for each region was
estimated from Harris (1970) for water depths of <50.(0-3.3), 50-75 (3.3-6.7), and >75
(>6.7) m. Depositional flux for each region was determined for all four seasons by
substituting seasonally averaged deposition at the shore site (Flux shora), the exponential
coefficient (see Table 2.1), and the midpoint distance of the region into equation 2-1. The
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total mass loading to the lake for each season was calculated by summing the product of

deposition in each of the three regions by its respective area (e.g. Flux • area). The annual
rate of dry deposition to the surface of Pyramid Lake was calculated as the sum of the four

seasonal values.

The rates of dry deposition to the surface of Pyramid Lake for different seasons
varied by almost an order of magnitude (Table 2.2). Consistent with strong winter storms

(Galat et al. 1981), dry deposition in 1992 was highest during winter at 2.02 x 109 g

accounting for 49% of the annual total. In contrast, deposition was lowest during fall at

only 0.26 x 109 g (6%). Deposition in spring and summer 1992 were intermediate to these
extremes at 0.78 and 1.08 x 109 g, respectively. Overall, total dry deposition to the lake

during 1992 was estimated to be 4.14 x 109 g. This estimate is nearly identical to a

previous value reported by Galat et al. (1981). In a more limited study, the authors
reported an annual dry deposition rate of 4.4 x 109 g based on data collected during

January-April 1977.

The above estimate for the annual deposition rate of particulate matter to Pyramid
Lake was converted to nitrogen and phosphorus loadings by multiplying the mass flux by
its elemental composition. Because composition of the material collected could not be

reliably determined due to contamination, we assumed that the composition of the fine

fraction (<80 pm) of soils along the western shore of the lake was representative of

material transported over the lake surface. This is a reasonable assumption since the
prevailing wind pattern at the lake is out of the north and west, as recorded at the weather

station in Sutcliffe (Pyramid Lake Fisheries unpubl. data). For phosphorus, the mean

content of four soil samples collected along the western shore of the lake was 1.41 mg-P/g.

Multiplying this value by total deposition yielded an annual phosphorus loading to the lake
of 6.0 Mg .P/yr. The nitrogen loading rate was estimated from the organic content of those

four soil samples (4.3%) assuming a carbon content for organic matter of 50% and a C:N

ratio of 9.7 for dry fallout at the lake (Home and Galat 1985). In this fashion, annual

nitrogen loading to the lake in 1992 through dry deposition was calculated to be 9.3
Mg-N/yr.

Precipitation

The input of nutrients (nitrogen and phosphorus) to Pyramid Lake through

precipitation was estimated for a range of annual precipitation levels. Because particles

associated with rainfall were included in our estimate of dry fallout, we restrict our
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discussion here to dissolved nutrients. We also assumed that the input of total dissolved
solids to the lake through precipitation is negligible compared with other sources. To
evaluate the full range of potential nutrient inputs to Pyramid Lake through precipitation,
we calculated nitrogen and phosphorus inputs for low, average, and high precipitation
years. Precipitation to the lake surface for each of these scenarios was determined from
the long-term climate data base available for Reno, Nevada (1888-1992, Western Regional
Climate Center, Reno, Nevada). We elected to use data from Reno rather than sites closer
to the lake (e.g. Nixon or Sutcliffe) because of the much shorter periods of record at the

lake locations.

We compared precipitation data from Reno with the sites around Pyramid Lake to
verify the validity of our use of Reno data to define low, average, and high precipitation
years. Table 2.3 compares the records of annual precipitation at Reno, Nixon, Sutcliffe,
and Wadsworth. For the simple comparison, there is a good correspondence between
values at Reno and the Nixon and Sutcliffe sites. In this simple comparison of the data
records from the different sites, mean and maximum annual values for precipitation at
Reno, Nixon, and Sutcliffe were all identical at 7.56-7.81 and 13.5-14.1 in/yr, respectively,
despite differences in the periods of record. It is noteworthy that the deviation for
Sutcliffe from Nixon and Reno for the minimum annual value is caused by difference in
the periods of record (see below). This simple comparison also showed that precipitation
data reported for Wadsworth deviated from the other three sites, with lower mean (6.22
in/yr) and higher maximum (17.4 in/yr) annual values. Consequently, we restricted
additional comparisons to the Reno, Nixon, and Sutcliffe locations.

A direct comparison of annual precipitation at Nixon and Sutcliffe with values
recorded in Reno also demonstrated a good correspondence between Reno and the lake
locations (Fig. 2.1). The correlation between annual precipitation at Sutcliffe and Reno
was highly significant (r=0.91; P«O.Q01) with a slope of 0.94. This suggests that the
Reno precipitation record adequately represents precipitation at Pyramid Lake. Further, the
higher minimum annual value at Sutcliffe relative to Reno for the general comparison
shown in Table 2.3 was due to different periods of record; minimum annual precipitation
at Reno during 1967-1992 was 4.29 in/yr, similar to the value recorded in the Sutcliffe
record (4.42 in/yr). Although the relationship between precipitation at Nixon and Reno
was much more variable (e.g. r=0.54; P<0.05) than for Sutcliffe, there was a general
correspondence. Based on the these comparisons, we concluded that the precipitation
record at Reno was sufficiently representative of conditions at Pyramid Lake to define the
low, average, and high annual precipitation scenarios.
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Table 2.3. General comparison of precipitation records at Reno, Nixon,
Sutcliffe, and Wadsworth. Values are in inches per year.

Location
mean
annual

maximum
annual

minimum
annual Period

Reno

Nixon

Sutcliffe

Wadsworth

7.56

7.54

7.81

6.22

13.7

13.5

14.1

17.4

1.55

1.87

4.42

4.54

1888-1993

1941-1974

1967-1993

1974-1993

0

f̂fl

E
fB

>
u.

15

10

0

o Sutcliffe
« Nixon

10 15

Reno (in/yr)

Figure 2.1. Comparison of precipitation at Sutcliffe and Nixon with values recorded at Reno.
Data are from the Western Regional Climate Center (Reno, NY).
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The precipitation record at Reno was used to calculate average values for each

month of the year to account for seasonal variations in precipitation levels to Pyramid
Lake. Average values for different months of the year varied substantially. Precipitation

was highest during winter months with values of >1 inch per month throughout December-

February and a maximum value of 1.36 inches for January (Fig. 2.2). Conversely,

precipitation was greatly reduced during summer with a minimum value of 0.27 inches per

month in July and August. Overall, this fourfold seasonal range in mean monthly

precipitation at Reno indicates that seasonal variations in the concentrations of nutrients

in precipitation could substantially affect nutrient loading to the lake.

Nutrient concentrations in precipitation over a complete annual cycle are available

for Lake Tahoe as part of an interagency monitoring program of nutrient loading to that

lake (Byron and Goldman 1985). Although precipitation is higher at Lake Tahoe due to
higher elevation, storm systems depositing the bulk of precipitation at Lake Tahoe and

Pyramid Lake are generally the same, especially during winter. Therefore, we used the

nutrient concentration data for precipitation at Lake Tahoe in our loading calculations for

Pyramid Lake.

Precipitation at Lake Tahoe was high in nitrogen compared with phosphorus.

Volume weighted average concentrations of dissolved inorganic nitrogen (DIN, ammonium

+ nitrate) and phosphate (DRP) in precipitation for October 1983 through September 1984

were 105 and 2.4 ug/L, respectively (Byron and Goldman 1985). The high DIN
concentration of precipitation at Lake Tahoe indicates that precipitation could be an

important source of nitrogen to lakes in the region, including Pyramid. To determine

seasonal variations in the DEN and DRP of precipitation, mean-monthly concentrations

were calculated from the data reported for the surface of Lake Tahoe. Figure 2.3 plots
mean monthly concentrations of DIN and DRP. In contrast to precipitation (e.g. Fig. 2.2),

the seasonal pattern for nutrient concentrations in precipitation showed maximum values

during summer months and lower ones during the winter.

Nutrient loadings to Pyramid Lake were estimated for minimum, average, and

maximum precipitation scenarios. As previously indicated, annual precipitation values for

these three scenarios were derived from the long-term data set available for Reno (see

Table 2.3). Because of the large seasonal variations in both monthly precipitation and its
nutrient content, monthly estimates of nutrient loadings to Pyramid Lake were calculated

and then summed to determine total annual input. Annual precipitation was converted to

monthly values using the seasonal distribution pattern shown in Figure 2.2. Nutrient
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Figure 2.2. Average monthly precipitation at Reno, Nevada, for 1888-1992. The proportion of
the annual total contributed by each month is shown on the right axis.
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Figure 2.3. Nutrient concentrations in precipitation at Lake Tahoe from the Ward Valley lake
level station. Values (ug/L) are monthly means for October 1983 through September 1984.
Note the large difference between scales used to display DIN and DRP values.
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Nutrient loading to Pyramid Lake through precipitation is relatively low compared
with other North American lakes. Estimated DIN loading was 2.4, 12.0, and 21 9
Mg-N/yr for minimum, average, and maximum precipitation years. Phosphorus (DRP)
loading was much lower than DIN at 0.05, 0.26, and 6.47 Mg-P/yr for the same three
scenarios. The difference in estimated DIN and DRP loadings to Pyramid Lake can be
attributed to the great difference in their concentrations in precipitation (e.g. Fig. 2.3)
Wetzel (1983) reported typical values of 0.1 and 0.01-0.1 g/m2/yr for nitrogen and
phosphorus loading to lakes. Converting our estimates for average DIN and DRP loading
to Pyramid Lake through precipitation to areal values yields nitrogen and phosphorus
loadings to Pyramid Lake of 0.027 and 0.00058 g/nr/yr. Even the maximum scenario for
DIN (0.049 g/m2/yr) is well below the typical values reported by Wetzel (1983). The low
nutrient loading to Pyramid Lake through precipitation can largely be attributed to low
annual precipitation in the region. Additionally, nutrient concentrations in atmospheric
deposition in the western United States are typically much lower than other regions of the
country (A. Jassby pers. comm.) further reducing total inputs.

Our estimates for the input of DIN through precipitation compares well with a
previous value reported by Home and Galat (1985). For 1979, the authors estimated
atmospheric nitrogen deposition to the lake through precipitation to be 5.4 Mg-N. This is
between our minimum (2.4 Mg-N/yr) and average (12.0 Mg-N/yr) scenarios. To place the.
1979 estimate in perspective, precipitation recorded in Reno for 1979 was 6.0 inches,
which is below the average scenario, Thus, the previous estimate of nitrogen loading
through precipitation reported by Home and Galat and the range we calculate here are

consistent.

Wind-blown Debris

Gala, et al. (1981) suggested tot the mass of tnmbleweeds blown into Pyramid
Lake may confute «o the overaU carbon budge, of thel^ In *»'™ ̂
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north end of the lake in Fox Valley. In this subsection, we utilize the results of the study
by Galat et al. (1981), and revise their estimates based on different assumptions. Galat
(1986) suggested that the material caught by fences was an estimate of the median value of

input while no input was a minimum estimate. We revise those estimates and suggest that

material caught by fences is a minimal estimate due to inefficient capture of tumbleweeds.

To estimate a median value, we assume the fences only captured 10% of total tumbleweed
input. For maximum tumbleweed input to the lake, we accept the assumption of Galat et
al. (1981) that 50% of total vegetation in Fox Valley at the north end of the lake is

transported into the lake.

Input of tumbleweed nitrogen, phosphorus, and total mass are listed in Table 2.4 for
minimum, median, and maximum scenarios. Nitrogen input was calculated from the

carbon input values reported by Galat et al. (1981) using the C:N ratio of 44 for
tumbleweeds at Pyramid Lake (Home and Galat 1985). For phosphorus, we calculated
inputs from nitrogen values using a N:P ratio typical for terrestrial vegetation (8.0, Barbour
et al. 1980). Total mass loading was calculated from carbon values assuming 40% of the
material dry weight was carbon.

The median scenario for tumbleweed debris input indicates that wind-blown

tumbleweed may be a small source of nitrogen to the lake at 4.5 Mg-N/yr (Table 2.4).

Overall, this is of similar magnitude to the nitrogen input through dry fallout. The input of
phosphorus to the lake through tumbleweeds, in contrast, is much smaller (e.g. 0.56
Mg-P/yr) than dry fallout. Although the maximum potential input of both nitrogen and
phosphorus is much higher than in the median scenario, it is likely that the maximum
scenario greatly overestimates total input. Thus, the transport of tumbleweeds into
Pyramid Lake by the wind is probably a small source of nitrogen but unimportant for
phosphorus. The. total mass of material entering the lake through tumbleweed transport is

also probably negligible.

2.3 Overland and S-tream Loading

Overland and ephemeral (i.e. occasional) stream flows are a common feature in
desert regions following storm events (Goldman and Home 1983; Wetzel 1983).
Generally, inflow to desert lakes from these sources, is episodic in nature with peak stream
flows immediately following precipitation events. For lakes in mountainous regions,
additional stream inflow occurs in the spring as snow accumulated at higher elevations

during winter melts. Stream inflows to Pyramid Lake from both storm events at the lake
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Table 2.4. Input of tumbleweed nitrogen, phosphorus, and total mass to
Pyramid Lake in Mg/year.

Scenario

average

minimum

maximum

nitrogen

4.5

0.45

49

phosphorus

0.56

0.06

6.1

mass

495

49.5

5338

Figure 2.4. Sediment plume into Pyramid Lake from a stream discharge. The picture was
taken on February 22, 1993 as part of the stream survey on that date. The sediment plume
is the light colored region (actually brown) in the center of the frame. In the lower right
portion of the frame, the discharge point of the stream (#12, Table 2.5) is visible.
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and snowmelt from adjacent mountains are potentially important sources of nutrients, total

dissolved solids (TDS), and sediments to the lake (see Fig. 2.4). To evaluate loadings of
these constituents to Pyramid Lake by stream inflows, comprehensive surveys of streams

flowing into the lake were conducted during February and March of 1993. We use data

from those surveys, a previous estimate of total stream inflow to the lake (Van Denburgh

et al. 1973), and precipitation records to evaluate the potential input of nutrients, total

dissolved solids, and sediments to Pyramid Lake from streams.

Study Design

Two comprehensive surveys of stream inflows to Pyramid Lake were conducted
during winter 1993 to evaluate nutrient, TDS, and sediment loadings to the lake for a
storm event and during snowmelt from adjacent mountains. Figure 2.5 shows the locations

of streams which were discharging to the lake on one or both of the sampling dates. The

survey following a storm event was conducted on February 22 after two days of

precipitation totalling 0.30 inches in Sutcliffe, Nevada. On that occasion, six streams and

one seepage area were discharging to the lake shoreline and were sampled by boat.

Snowmelt from accumulated snow in the mountains adjacent to Pyramid Lake began

several weeks later .and was surveyed on March 11. During snowmelt, nine streams were

discharging to the lake including many of the same streams sampled in February. The

names of the streams and approximate flow rates for the two sampling dates are listed in

Table 2.5.

Sampling of each stream involved estimation of flow rate and the collection of a

one liter water sample. When .multiple stream channels were present at a given location,

total inflow for all channels was estimated. At each location, four successive 250 nil
samples of stream water were collected and combined into a single water sample. Stream

water samples were obtained at several points along single channel streams or from the

main channels (up to four) of streams with multiple channels. For the March 1993 survey,
the conductivity and temperature of stream inflows were also measured.

Water samples were analyzed for total suspended sediment (TSS), sediment organic

content, and nutrient concentrations. For TSS, portions of bulk water were filtered onto

preweighed GF/F filters. The filters were then dried at 60°C for several days and
reweighed to determine the dry weight of sediments retained on the filter. The organic

content of sediment retained on the TSS filters was determined by heating the filters at

450°C for two hours to break down organic matter and then reweighing the filters. In the
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15
Truckee

River

Figure 2.5. Site identifications for stream surveys on February 22 and March 11, 1993. See
Table 2.5 for streams with measureable flow on each sampling date.
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Table 2.5. Sampling locations and approximate inflow (ft3/sec) to Pyramid Lake for the
February 22 and March 11, 1993 surveys of streams. Values in parentheses indicate flow
was measured upstream from the stream mouth for streams not reaching the lake shoreline.
Only dissolved loads were calculated for streams not discharging directly into the lake. The
last column lists conductivity (umhos/cm) of streams for the March sampling date.

Stream
Number

4

5

6

6a

7

Willows

9

11

12

13 .

15

Identification
or Area

Hell's Kitchen

Hell's Kitchen

Hell's Kitchen

Hell's Kitchen

San Emidio Canyon

Willows

Hot Spring

Hardscrabble

South of
Sutcliffe

Mullin's Creek

Blockhouse

February
Flow

0.1

2.5

no flow

no flow

1.0

—

0.13

1.6

2.0

(0.4)

no flow

March
Flow

no flow

2.6

0.3

0.9

0.7

(0.2)

—

4.0

(0.2)

5.0

0.4

March
Cond

—
180

240

--

265
__

—

290

--

530

410

Total 7.7 14.4
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analysis, the loss on ignition (LOI) or change in weight during the heating step is
attributed to the break down of organic matter. After the heating step, filters used in the
LOI analysis were rehydrated and dried at 60°C before determining the final weight. This
additional step was performed to exclude water lost from clay minerals from the estimate
of organic content (APHA 1985). Nutrient concentrations in bulk water (total phosphorus
and total Kjeldahl nitrogen) and GF/C filtrate (phosphate, nitrate, and ammonium) were
determined by standard colorimetric methods (see Table 2.6). TDS concentration of
stream inflows was calculated from measured conductivity using a linear conductivity-TDS
relationship developed for the Truckee River at Nixon (Fig. 2.6). Loadings to the lake
were calculated for each stream by multiplying measured or estimated concentrations by its
flow on the sampling date.

Load Estimates

Streams entering Pyramid Lake were clustered along the northeast and southwest
margins of the lake (Fig. 2.5). In February, three streams in each region were sampled
with inflow ranging from 0.1 to 2.5 cubic feet per second (cfs, Table 2.5). Total inflow
following the two-day storm event was 7.7 cfs. In March, more streams were discharging
into Pyramid Lake, with four streams sampled from both the northeast and southwest
regions of the lake. Maximum inflow during March was twofold higher than in February
with stream discharge at two locations >4 cfs. Overall, measured stream inflow to
Pyramid Lake for the sampling during snowmelt was 14.4 cfs which is 86% higher than
total inflow following the storm event in February.

Dissolved nutrient concentrations in streams discharging to Pyramid Lake during
February and March 1993 were variable but often quite high (Table 2.7). Dissolved
inorganic nitrogen (DIN) concentration varied between 0.05 mg/L in a small stream with
extensive periphyton growth (Willows in March) to 1.46 mg/L in the warm anoxic seepage
area (stream 9) sampled in February. Generally, DIN concentration in streams was high
relative to typical lake surface water concentrations of 0.01 to 0.06 mg/L (Lebo et al.
1993b), with an interquartile range (middle 50% of samples) of 0.41-0.67 mg/L.
Phosphate (DRP) was also highly variable with minimum (0.063 mg/L) and maximum
(0.66 mg/L) concentrations in the same streams as for DIN. The interquartile range for
DRP for the two sampling dates was 0.118-0.215 mg/L, which is also higher than lake
concentrations of 0.06 to 0.08 mg/L.
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Table 2.6. Methods used to analyze stream nutrient concentrations. Included with the
description of the method is the limit of detection (LOD) for analyses conducted at the Davis
Limnology Group Laboratory at the University of California, Davis Campus.

Nutrient Fraction Method Description Reference

Ammonium

Nitrate

Total Kjedahl N

Total N

Phosphate

Total P

Modified Indophenol Reaction
(LOD = 2 ug/L)

Cadmium reduction using a shaking
technique (LOD = 1 pg/L)

TKN by acid digestion of unfiltered
sample (LOD = 15 ug/L)

TN as the sum of TKN and Nitrate

DRP as reactive phosphorus
(LOD = 1 pg/L)

TP by persulfate digestion of an
unfiltered sample (LOD = 1 pg/L)

Solorzano (1969)
Liddicoat et al. (1975)

Jones (1984)

APHA (1985)

Strickland &
Parsons (1972)

APHA (1985)
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Figure 2.6. Truckee River TDS plotted against conductivity (umhos/cm). Data are from
Nixon, Nevada, from 1985-1991 (Trackee Meadows Water Reclamation Facility unpubl. data;
formerly Reno-Sparks Wastewater Treatment Facility). The equation for the line is indicated
at the top of the plot.
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Table 2.7. Nutrient, sediment (TSS), and total dissolved solid (TDS) concentrations (mg/L) in
streams during the Febraary 22 and March 11, 1993 surveys (see Table 2.5). An entry of 'unk'
indicates that the value is unkown.

Stream
Number DIN TN DRP TP Sediment TDS

February

4
5
7
9
11
12
13

March

0.76
1.20
0.67
1.46
0.57
0.90
0.36

5
6
6a
.7

Willows
11
12
13
15

0.73
0.59
0.41
0.34
0.05
0.40
0.42
0.53
0.48

1.14
1.33
3.40
2.45
0.92
6.64
2.08

2.25
1.16
1.85
12.79
0.43
1.11
2.02
2.45
0.85

0.088
0.080
0.208
0.660
0.118
0.194
0.371

0.13?
0.167
0.097
0.242
0.063
0.165
0.361
0.215
0.141

0.85
0.22
5.71
1.77
0.35
4.82
1.89

4.48
1.20
1.34
14.2
0.24
0.44
1.15
1.79
0.32

unk
49

2957
526
153

3168
462

3127
806
956
8785
9.6
152
1018
1278
91

unk
unk
unk
unk
unk
unk
unk

110
145

160

175

315
245
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Total concentrations of nitrogen (TN) and phosphorus (TP) in streams generally
reflected sediment load (Table 2.7). Often, sediment loads were quite high in the streams,
and distinct turbidity plumes into Pyramid Lake were observed at stream mouths in several
locations (see Fig. 2.4). The overall range of sediment loads for the two sampling dates
was 49 to >800Q mg/L, with the highest values in streams 7 and 12 (particularly February).
Nutrient concentrations in streams with lower sediment loads (<2QO mg/L), such as streams
4, 5 and 11 in February, were among the lowest values for TN (0.92-133 mg/L) and TP
(<1 mg/L). In contrast to low turbidity streams, total nutrient concentrations were high in
streams with high sediment loads; total nitrogen and phosphorus were >3.4 and >4.8
mg/L, respectively, when sediment load was >3QOO mg/L.

The limited conductivity data collected on stream inflows indicates that the TDS
concentration of streams discharging to the lake is typically 110-175 mg/L. The exception
to this pattern is streams 13 and 15 along the southwest margin of the lake. For those two
streams, TDS concentration was 245-315 mg/L. It may be that the source waters for
streams along the southwest margin of the lake are different from other regions around the
lake leading to elevated TDS concentration. The volume weighted average TDS
concentration for the March 1993 stream survey was 217 mg/L.

Despite high nutrient concentrations, the total daily loading of nutrients to the lake
from stream inflows was relatively small due to low total inflow. Table 2.8 lists nutrient
loading to Pyramid Lake for the two sampling dates. Because several of the streams
sampled were flowing near the shoreline but not discharging directly into the lake, we used
values for dissolved nutrient loads for those streams for both dissolved and total inputs.
This assumes that the flow of streams not reaching the lake shoreline eventually reaches
the lake as subsurface flow, but particulate matter is removed. Streams not discharging
directly to the lake include stream 13 in February and streams Willow and 12 in March.
The input of TN, TP, and sediment to Pyramid Lake for the two samplings ranged 18-28,
14-28, and 24000-55000 kg/day, respectively.

Total nutrient loading to the lake from the February storm event and through
snowmelt can be estimated using predicted hydrographs for the streams during the two
periods. Although we do not have sufficient data from the streams to construct the actual
hydrographs (e.g. variation in discharge over time), we can use our two sampling points to
predict hydrographs for the two periods. To construct the predicted hydrographs,
assumptions have to be made about several aspects of variations in flow over time
including: (1) the duration of runoff, (2) the shape of the hydrograph, and (3) the
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Table 2.8; Nutrient and sediment loadings (kg/day) to Pyramid Lake by stream for the
February 22 and March 11, 1993 surveys. Values are based on flows listed in Table 2.5
and concentrations listed in Table 2.7.

Stream
Number DIN TN DRP TP Sediment

February

4
5
7
9
11
12
13

0.07
2.45
0.54
0.17
0.74
1.48
0.11

0.10
2.72
2.74
0.28
1.19
10.9
(0.11)

0.01
0.16
0.17
0.08
0.15
0.32
0.12

0.07
0.45
4.60
0.20
0.45
7.9
(0.12)

. N/A
301
7154
182
595
15600
N/A

total 5.56 18.0 1.00 13.8 23830

March

5
6
6a
7

Willows
11
12
13
15

1.56
0.15
0.31
0.20
0.01
1.30
0.07
2.17
0.15

4.80
0.30
1.39
7.37
(0.01)
3.61
0.07
10.0

. 0.27

0.30
0.04
0.07
0.14
0.01
0.54
0.06
0.88
0.04

9.55
0.31
1.00
8.18
(0.01)
1.43
(0.06)
7.32
0.10

19990
630
2150
15180
N/A
1480
N/A
15680
90

total 5.91 27.8 2.09 27.9 55200
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uniformity of the timing of stream runoff throughout the entire basin. We list below the
assumptions used here to predict the hydrographs for the February and March runoff
events.

Predicted hydrographs (Fig. 2.7) were constructed for February and March 1993
assuming the duration of stream runoff from the storm event and snowmelt was three and
seven days, respectively. These assumptions were based on visual observations at the lake
and comments by Paul Wagner (Director, Pyramid Lake Fisheries). For the shape of the
hydrographs, we assumed that we sampled during peak runoff following the February
storm event and one day after peak flow during snowmelt. Hammer (1981) indicated that
peak runoff in short streams, such as those around Pyramid Lake, occurred immediately
following rain events. Since our survey was conducted immediately after the storm event,
we assumed that we sampled during peak flow (i.e. day 1). In contrast, we sampled
streams several days after runoff from snowmelt began in March. We assumed that peak
runoff from snowmelt occurred on day 2 of the hydrograph and that we missed peak
inflows to the lake by sampling on day 3. For the shape of the hydrographs after peak
flows, we assumed that stream inflow decreased over time following a log-normal pattern.
Finally, the timing of stream flows was assumed to be uniform throughout the Pyramid
Lake basin. The accuracy of these assumptions is not known nor can it be tested at this
time. However, the predicted hydrographs described above provide a means of estimating
total nutrient inputs to the lake for the two events.

Total nutrient loading to Pyramid Lake for the February storm event and March
snowmelt can be estimated from the daily loading rates and the predicted hydrographs for
the events. Event loading rates were calculated by dividing daily rates (Table 2.8) by the
fraction of stream inflow for the event that occurred on the sampling date. An important
assumption in this extrapolation of daily loading rates to values for the entire events is that
nutrient concentrations in the streams are constant throughout the discharge period.
Although this is probably not the case, we calculate values for the events to assess the
overall importance of stream inflows as a source of nutrients to the lake. The fraction of
stream inflow that occurred on the sampling date was estimated from the predicted
hydrographs (see Fig. 2.7). For the February storm event, flow on our sampling date
(day 1) contributed a majority of total volume for the event at 58%. In contrast, the
March sampling date contributed a much smaller proportion of total discharge to the lake
for that event; day three in the snowmelt hydrograph contributed 21% of total volume.
Total nutrient loadings to the lake for the February storm and snowmelt were estimated by
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Figure 2.7. Predicted hydrographs for the February-storm event and March snowmelt. Points
on the curves indicate values for sampling dates.

Table 2.9. Annual nutrient and sediment loadings to Pyramid Lake from streams.
Estimated values were derived from the stream sampling surveys on February 22 and
March 11, 1993 (see text). Values for the February storm event and March snowmelt
are in kg. All scenarios are listed in Mg/yr.

Period

Events

storm
snowmelt

DIN

9.6
28

TN

31
132

DRP

1.7
10

TP

24
133

Sediment

41090
263900

Scenarios

minimum 0.04
average 0.24
maximum 0.44

revised 1.2

0.16
0.81
1.48

4.0

0.009
0.05
0.09

0.24

0.13
0.65
1.18

3.2

192
717
1716

3510
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dividing the daily loads listed in Table 2.8 by 0.58 and 0.21, respectively. Storm and
snowmelt nutrient loading values are listed in Table 2.9.

Annual Loading

The total nutrient loadings for the February storm event and for snowmelt were
used to estimate annual nutrient loads to the lake from streams. Although the accuracy of
our values is unknown due to numerous assumptions, they provide the best current
information about inputs and define the order of magnitude of nutrient loading to the lake
from streams. Further, the calculations below will demonstrate whether better information
on stream nutrient' loading to the lake is needed. The calculation of annual values,
therefore, serves both as input for nutrient budgets for the lake and an evaluation of the
need for further research. Because stream flow into Pyramid Lake should depend on
overall precipitation, we calculated annual values for the minimum, average, and maximum
scenarios used earlier in the chapter for precipitation. These are 1.55, 7.56, and 13.7 in/yr,
with values corresponding to minimum, average, and maximum annual precipitation at
Reno, Nevada, during 1888-1992.

The annual loading of nutrients to the lake through streams was separated into two
components: storm episodes and snowmelt during early spring. These two sources were
distinguished because of differences in their timing and duration; storm events occur
throughout the year with immediate runoff to the lake while snow accumulates at higher
elevation in winter and is released during a brief period in early spring. Our two stream
surveys provide estimates of both components and were used to calculate total annual
nutrient loads to the lake for the different precipitation scenarios. In all calculations, we
assumed that both storm runoff and snow accumulation in the surrounding mountains are
proportional to total precipitation at Sutcliffe.

Annual nutrient loading to the lake from snowmelt for the different precipitation
scenarios was estimated from total nutrient loading to the lake extrapolated from the March
1993 sampling. During winter months prior to the sampling date in March 1993 (e.g.
November-February), total precipitation in Sutcliffe was 5.28 inches. We assumed that
total snowmelt nutrient loadings (Table 2.9) were proportional to winter precipitation of
5.28 inches during November-February. On the average, winter precipitation accounts for
54% of the annual total in Reno, Nevada, for 1888-1992 (see Fig. 2.2), and we used that
proportion to calculate winter precipitation values for each of the three precipitation
scenarios evaluated. Nutrient loadings through snowmelt stream inflow for the three
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precipitation scenarios were estimated by dividing winter precipitation by 5.28 inches and
then multiplying that ratio by nutrient loading to the lake derived from the March 1993
sampling.

Nutrient loading to the lake during episodic storm events was estimated from the
February stream survey. As with the calculation of snowmelt nutrient loading, we assumed
that the loading estimates for the February 21-22, 1993 storm event were proportional to

total precipitation at Sutcliffe (0.30 inches). In addition, we assumed that 20% of total
runoff during the February sampling was from snow accumulated at higher elevation. We
separated annual precipitation, therefore, into two components: winter months (November-
February) and spring-fall months. Total winter precipitation values were used directly

while spring-fall values were reduced by 20% to reflect the lack of snow during that
period. Precipitation values for the winter and spring-fall periods for the three scenarios
were based on the average seasonal distribution for precipitation at Reno (Fig. 2.2, see

section 2.2). To calculate annual nutrient loadings to the lake from storms, the revised
precipitation value (e.g. winter + 80% of spring-fall) was divided by 0.30 inches and then
multiplied by the event nutrient loadings estimated for the February storm (Table 2.9).

Total annual nutrient loading to the lake from streams was small for all scenarios.
Values listed in Table 2.9 for the three precipitation scenarios are the sum of snowmelt and
storm inputs. Maximum inputs of nitrogen and phosphorus were only 1.5 and 1.2 Mg/yr,

respectively. These values are lower than the estimates of atmospheric inputs of nitrogen
and phosphorus to Pyramid Lake presented in section 2.2 and much lower than Truckee
River nutrient loading under severe drought conditions (Lebo et al. 1993c). In a
comparison of our estimated maximum stream nutrient loads and Truckee River loadings
under drought conditions, the nitrogen load is tenfold lower in the streams while
phosphorus is only 62% of the drought river phosphorus load. Therefore, the extrapolation

of our two stream samplings to annual values indicates that nutrient loading to the lake

from ephemeral streams following storm events and during snowmelt is of only minor
importance to annual nutrient budgets. However, stream nutrient loading may be of local
importance to the two regions of the lake where stream inflows are clustered, especially
the northeast shoreline because of its distance from the mouth of Truckee River.

Our estimate for stream inflow to Pyramid Lake for varying levels of precipitation
can be compared with a previous value reported for the lake. Van Denburgh et al. (1973)

in a hydrologic survey of the region estimated surface runoff to the lake to be 6470 acre-

ft/yr. This is much higher than the value of 746 acre-ft/yr that we predict based on our
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two stream surveys. It is possible that several of the assumptions that we used in our
calculations are incorrect causing total inflow to be underestimated. Conversely, Van
Denburgh et al. (1973) may have overestimated stream inflow. Because actual inflow
cannot be determined due to data limitations, the average of these two values or 3620 acre-
ft/yr provides the best estimate of stream inflow to Pyramid Lake in an average
precipitation year. The last scenario listed in Table 2.9 indicates nutrient and sediment
loading to Pyramid Lake by streams based on this revised estimate of total annual inflow
(i.e. 3620 acre-ft/yr). The revised estimate of stream inflow can also be used to determine
average TDS loading to Pyramid Lake. Using the volume weighted average TDS
concentration for streams in March 1993 (217 mg/L), stream inflow contributes 976 Mg
TDS to the lake in a year with average precipitation.

2.4 Groundwater Loading

Groundwater inputs to Pyramid Lake are poorly characterized but have generally
been considered to be relatively small. In a previous hydrologic survey of the region, Van
Denburgh et al. (1973) estimated total groundwater input to Pyramid Lake to be 10,000
acre-ft/yr or <3% of annual evaporation. However, recent examination of the historic
water balance of Pyramid Lake indicated that groundwater input to the lake may be higher
than the above estimate. Milne (1987) in the calibration of her water balance model for
Pyramid Lake suggested that groundwater inputs were approximately 0.10 m/yr (4 inches).
This translates to a volume of approximately 36,500 acre-ft/yr at the present lake elevation
or almost 8% of the evaporation rate. Because we cannot evaluate the accuracy of either
estimate, we utilized the average of the two estimates to determine nutrient and total
dissolved solids (TDS) loading to Pyramid Lake through groundwater inflow.

Nutrient and TDS loadings to Pyramid Lake through groundwater inflow were
calculated from estimated inflow and representative nutrient and TDS concentrations. In
our evaluation of groundwater, we assumed that the input of sediment through this source
was minimal and only calculated values for dissolved inorganic nitrogen (DIN), phosphate
(DRP), and TDS. Nutrient and TDS concentrations in groundwater inflow to Pyramid
Lake were based on an analysis of public well water in Sutcliffe (Pyramid Lake Fisheries
unpubl. data). DIN and DRP concentrations in the well water were 0.32 and 0.065 mg/L,
respectively, while conductivity was 1100 pmhos/cm. Using a linear TDS-conductivity .
relationship for the Truckee River at Nixon (see Fig. 2.6), the approximate groundwater
TDS concentration is 650 mg/L. It is noteworthy that DIN concentration we report here is
identical to a previous estimate of 0.31 mg/L reported by Home and Galat (1985) based on
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1982 Tribal records. The annual loading of nutrients and TDS through groundwater inflow

was calculated by multiplying total inflow by its nutrient and TDS concentrations. Annual
loading rates for DIN, DRP, and TDS were 9.2, 1.9, and 18,650 Mg/yr, respectively.

The estimate of groundwater TDS loading to Pyramid Lake based on the public

well water in Sutcliffe may overestimate total input to the lake. In the previous section,
we noted that the TDS concentrations in streams along the southwest margin of Pyramid

Lake were much higher than in other regions. This suggests that the TDS concentration of

groundwater in the vicinity of Mullin's Pass (Sutcliffe public well) may not be

representative of groundwater inflows to the lake as a whole. It is likely that the average
TDS concentration of regional groundwater in the Pyramid Lake basin may be •
considerably lower than in the public well sampled. A better estimate of the TDS input to

the lake is 50% of the value calculated above or 9300 Mg/yr.

2.5 Comparison of Natural Sources

Table 2.10 presents a summary of the nonpoint sources of nutrients, TDS, and

sediments to Pyramid Lake that were calculated in this chapter. We also include the
average values for Truckee River inflow for a year with inflow equivalent to annual

evaporation (see Lebo et al. 1993c). For dissolved inorganic nitrogen (DIN), precipitation

and groundwater inflow all contribute small quantities of that nutrient fraction, but the

inputs are small relative to Truckee River DIN loading. This pattern of small nonpoint

source inputs to the lake relative to river inflow is true for all nutrient and sediment

fractions, and it suggests that natural nonpoint sources of nutrients and sediment to the lake

are only small components of the nutrient budgets. Indeed, Lebo et al. (1993c) clearly

show this to be true for nitrogen and phosphorus. For the input of TDS, groundwater
inflow probably contributes a small fraction of the total.

It is important to note that the input of nutrients and sediment to Pyramid Lake

through stream inflows, although small, may be locally important. This is because the

majority of the streams are clustered along the northeast and southwest shores of the lake.
Because of potential local effects, we evaluate in later chapters the impacts of nonpoint
source inputs to the lake both from the perspective of the whole lake and the region of

input.

CH-02.NPS 44 October 17; 1994



Natural Processes
DRAFT

Table 2.10. Summary of natural nonpoint sources of nutrients, sediment, and TDS to Pyramid
Lake. Values are in Mg/yr. For precipitation and Tumbleweed inputs, average values are
listed. Truckee River loading for inflow sufficient to balance annual evaporation is also listed.
N/A indicates that input from the source is not applicable.

Source DIN TN DRP TP Sediment TDS

Dry Fallout

Precipitation

Tumbleweeds

Stream Inflow

Groundwater

N/A

12.0

N/A

1.2

9.2

9.3

N/A

4.5

4.0

N/A

N/A

0.26

N/A

0.24

1.9

6.0

N/A

0.56

3.2

N/A

4140

N/A

N/A

3510

N/A

N/A

N/A

N/A

976

9300

Truckee River 182 579 18 60 47,600 67,450
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CHAPTERS

POTENTIAL INPUT TO PYRAMID LAKE FROM GUANOMI MINE SITE

3.0 Chapter Summary

The pursuit' of mineral resources in Nevada has been central to the State's

development over the past 150 years. This includes the region surrounding Pyramid Lake.
One site, Guanomi Mine, near the southwest corner of Pyramid Lake represents a potential

source of metal contamination to the lake and the Truckee River delta. The discovery of

the mineral deposit at that site was made in the 1920's and the site has been prospected for

silver, gold, copper, and molybdenum. We assessed the potential contamination of
Pyramid Lake waters from Guanomi Mine by collecting soil and water samples at the site

in May 1993.

Surface water at the site on the sampling date was limited to the mouth of a mine

shaft and a seepage stream. In the water samples collected from those two locations,
major earth elements of iron, aluminum, and calcium comprised the bulk of ions measured.

The sample from the mine shaft also contained manganese (8.7 mg/L), copper (5.8 mg/L),

and zinc (4.2 mg/L). It is noteworthy that the composition of the water collected from the
mouth of the mine shaft probably reflects particle-bound metals, as indicated by high iron

and aluminum concentrations. Metal concentrations hi the seepage stream, with the

exception of manganese (1.9 mg/L), were all <1 mg/L. The stream did contain small

concentrations of copper (0.04 mg/L) and zinc (0.68 mg/L), which are 2-5 times higher

than guidance values provided by the U.S. Environmental Protection Agency. However,
the stream disappeared into the arid soil at the site after only 30 feet and did not reach the

lake shoreline.

For the soil samples collected, several of the elements were at or near the detection
limit in all samples. This includes both cadmium and mercury, which are of potential
regional and national concern. For the metals which were detected, it is interesting that

the soil content in the lake shoreline sample was actually higher than any of the four piles

containing soil excavated from the mine shaft (mine tailings). This includes arsenic,

barium, chromium, manganese, strontium, vanadium, and zinc. The only metal that was
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higher in the piles than in the soil collected from the lake shoreline was lead, which was
threefold higher in the tailing piles. This suggests that erosion of soil from the mine
tailing piles could be a source of lead to the lake.

Soil samples collected along a transect between the mine site and the present day
lake shoreline revealed that there was a trend of increasing content toward the lake for
many metals. This includes aluminum, cobalt, nickel, copper, zinc, chromium, vanadium,
arsenic, barium, strontium, and manganese. For copper, cobalt, and nickel, the
distributions were bimodal with higher values along the upper level of the site where the
buildings are located and in soil from the lake shoreline. There are three exceptions (iron,
calcium, and lead) to the general trend of increasing metal content of soils toward the lake
shoreline. Lead showed a decrease in soil content toward the lake, as noted above. The
distributions for calcium and iron, in contrast to other elements, did not display a single
trend along the transect line, but showed peaks at one or more intermediate locations.

Our assessment of the Guanomi Mine site indicates that the mining activity that has
taken place has probably had a minimal effect on the transport of metals to the lake.
Indeed, many of the elements for which soils were analyzed were highest along the current
lake shoreline. The exception to that pattern is lead which was much higher in the tailing
piles than near the lake. However, the highest soil content of lead was actually found in
the soil profile collected near the seepage stream. This suggests that the relatively high
lead content of soils at the mine site is probably associated with the mineral outcropping
rather than localized to the tailing piles. It is likely that the contamination potential from
the site is not different from mineral outcroppings located throughout the Pyramid Lake
basin. This suggests that potential nonpoint source lead input to the lake is not localized
to the Guanomi Mine site but regional in nature.

3.1 Background

The pursuit of mineral resources in Nevada has been central to the State's
development over the past 150 years. Perhaps, the pivotal event in the Reno area was the
discovery of the Comstock Lode of silver in 1859. That event forever changed the
character of the region and transformed the Truckee River basin from wilderness to an
urban setting over the course of only a few decades (Townley 1980). In the region
surrounding Pyramid Lake, the U.S. Geological Survey lists 35 different sites that have
been prospected for mineral resources at some time in the past (Nevada Bureau of Mines,
Reno). However, mineral prospecting on the reservation was never as intense as in much
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of the public domain in Nevada (Whitebread and Magffl 1977). The ores containing
precious metals in the region of the lake generally occur in veins and fractures or as iron
sulfide and have been found to contain silver, gold, tungsten, uranium, copper, lead, zinc,
molybdenum, and antimony. Overall, the extraction of minerals from mine sites located
within the boundaries'of the reservation has actually been quite small.

One mine site, the Guanomi Mine, near the southwest corner of Pyramid Lake is
highly visible and represents a potential source of metal contamination to the lake (Fig.
3.1). The .discovery of the mineral deposit was made in the 1920's in a cut during the
construction of a section of the Southern Pacific Railway along the western shore of the
lake (Bonham 1969). Following its discovery, T.W. Foster drilled several holes near the
railroad cut, and ore from 155-159 feet in one of the drill holes assayed 1.08 ounces silver
per ton (Whitebread and Magill 1977). This lead to the sinking of a 135 feet deep shaft
during the 1930's. An adit to the original site was subsequently developed in 1938 and
worked by Walter H. Schmelezer. This additional shaft was approximately 100 feet south
of the original one and proceeded in a westward direction beneath the railway cut. After
these initial prospecting efforts, the mine was abandoned in 1958 until a brief evaluation of
the site was conducted by the American Selco Company during the early 1970's.

The Guanomi mine site has been prospected for potential commercial extraction of
several metals including silver, gold, copper, and molybdenum. Initially, development of
the site in the 1920's and 1930's was for gold and silver extraction. These efforts were
concluded in the late 1950's, and there is evidence that a small amount of silver was
exported from the mine (Whitebread and Magill 1977). In 1971, American Selco acquired
a 2500-acre lease and explored the property and the adjacent hills for potential commercial
extraction of copper and molybdenum. Initially, six holes averaging 200 feet in depth
were drilled in. the area, and all drilling holes intercepted a layer with 3-5% disseminated
pyrite (an iron sulfide mineral) of potential interest. Four of these holes were deepened in
1973. This exploratory study showed that average copper and molybdenum at the site
were 0.047 and 0.0021%, respectively, and copper generally decreased with depth in the
drill holes. Although anomalous high values of 100 and 8 ug/g were observed for copper
and molybdenum, respectively, typical values were not high. The survey also showed that
lead and zinc at the site were low compared with levels suitable for commercial extraction.
Because of the lack of suitable ores for commercial.mineral extraction, exploration of the
site was abandoned in 1973. The site has remained dormant since that time.

We assessed the potential contamination of Pyramid Lake waters from Guanomi
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Guanomi Mine
Truckee R,

Figure 3.1. Location of Guanomi Mine in relation to Pyramid Lake, Truckee River, and the
State of Nevada.
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Mine by collecting soil and water samples from the site. Soil samples were collected
along a transect from the mine to the lake shoreline to evaluate past and potential future

transport of excavated soils from the mine shafts (tailings piles) into the lake. In addition,

we collected two water samples to determine metal transport from the site via surface

overland flow. The purpose of this chapter is to describe the patterns of the metal content

of surface soil at the site and in stream outflow to determine potential nonpoint source

pollution to Pyramid Lake from the Guanomi Mine site.

3.2 Site Description and Sampling

Guanomi Mine is located along the southwestern shore of Pyramid Lake near the

mouth of Truckee River (Fig. 3.1). Mine records for the region indicate that the mine is

located at an elevation of 3940 feet (U.S. Geological Survey, Reno, Nevada) suggesting it
was very close to the shoreline of the lake when first developed in the 1920's. Currently,

the mine site is approximately 200 m (650 feet) from the shoreline of the lake due to the

continual drop in lake level during the 20th Century. The site consists of several

abandoned buildings on an upper level, two old mine shafts, and four areas in which

excavated soil from mine shafts were disposed (Fig. 3.2). Figure 3.3 shows several scenes
from the mine site in May 1993. The proximity of the site to the Truckee River delta is

clearly evident in the bottom frame of that figure. There is evidence at the site of overland

water flow along two dry washes at the site one of which begins near the base of two of

the tailings piles. At the time of our sampling of the site in May 1993, water was present

in one of the old mine shafts and as seepage near the base of piles B and C (upper right).

The two dry washes intersect downstream from the mine and continued down the hill

toward the lake shoreline. Potential overland water flow is funneled through a culvert
under the highway and directed toward the shoreline of the lake (upper left).

We collected both aqueous and soil samples in our assessment of potential

contamination to Pyramid Lake from the Guanomi Mine site. Aqueous samples were

collected from the pool at the mouth of the old mine shaft and from the seepage stream
near the base of piles B and C (Fig. 3.2). For the aqueous samples, multiple dips with a

plastic graduated cylinder were collected and combined into a single sample. These

samples were preserved with Ultrex HNO3 to a pH < 2 and stored at 4°C until being
shipped to National Environmental Testing, Inc., in Santa Rosa, CA (ELAP Certification
1386). Samples were analyzed for 21 metals by ICP following EPA Method 6010. In

addition to the aqueous samples, surface soils samples were collected from each tailing pile

(4 samples), the upper level, near the seepage stream, and along a transect from the mine
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Pyramid Lake

Figure 3.2. Map of Guanomi Mine site. Circles with letters or numbers contained within
them indicate soil sampling locations. Samples 14-16 were taken within the dry wash
channel. Total .distance from the tailing piles to the lake is approximately 200 yards.
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Figure 3.3. Scenes from Guanomi Mine site.
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to the lake (5 samples). A depth profile of 4 different strata was also collected. Table 3.1
provides a brief description of soil sampling locations highlighted on Figure 3.2. The soil
samples were dried and passed through a 440 urn brass soil seive. Soil samples were
analyzed by Chemex Labs, Inc., in Sparks, Nevada, for 32 metals by ICP following a
nitric-aqua regia digestion of the dry material.

3.3 Water Samples

The pool of water at the mouth of one of the old mine shafts contained small
amounts of several heavy metals as well as other common earth elements (Table 3.2). The
vast majority of the ions measured in the water sample were iron (700 mg/L), aluminum
(440 mg/L), magnesium (380 mg/L), calcium (240 mg/L), and sodium (130 mg/L), which
are common earth elements. At much lower concentrations, the sample also contained
three metals of potential concern. These are manganese (8.7 mg/L), copper (5.8 mg/L),
and zinc (4.2 mg/L). All other elements were either absent from the sample or at
concentrations <1 mg/L. It is noteworthy that the composition of the water collected from
the mouth of the mine shaft probably reflects the elemental composition of particles
contained in the unfiltered water sample. The analytical method used includes a digestion
prior to measurement of its composition. Thus, the values listed in Table 3.2 include both
metals dissolved in the water and associated with particles. We suspect a high contribution
of metals associated with particles because of the high iron and aluminum concentrations
measured in the water. These are indicative of a large contribution of particle-bound
elements to total concentrations.

The water in the seepage stream, in contrast to the mine shaft, had much lower
concentrations of all ions measured (Table 3.2). The one exception to this trend was
calcium, which was actually higher in the seepage water than in water collected from the
mine shaft. One feature that was consistent between the two water samples was the
dominant presence of the common earth elements. For the seepage stream, calcium (300
mg/L), magnesium (88 mg/L), iron (85 mg/L), sodium (64 mg/L), and aluminum (27
mg/L) constituted the majority of the ions present. However, the relative importance of
iron and aluminum in the seepage stream was greatly reduced compared with the mine
shaft pool. That indicates that particle phases probably comprised a smaller fraction of
total concentrations in the seepage stream water than in the mine shaft. The metal
concentrations in the seepage, with the exception of manganese (1.9 mg/L), were all <1
mg/L.
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Table 3.1. Sample identifications for soil collection locations (see Fig.
3.2). Letters A-D denote mine tailings piles. All samples except those
collected for the profile are surface (0-1 inch) grabs at several points at
the location listed.

Location Sample Description

6 Pooled sample of four soil grabs along the upper level
where the buildings are located

8 Soil profile site. Samples were collected from four depths
representing soil horizons in the upper 15 cm.

13 Yellow surface crust near seepage stream. Soil very wet

14 Downstream of seepage stream in the dry wash 5 m into
the sage brush desert zone.

15 Downstream of seepage stream in the dry wash 20 m into
the sage brush desert zone.

16 Downstream of seepage stream in the dry wash 50 m into
the sage brush desert zone.

17 Downstream of drywashes on the lake side of the
highway near culvert.

18 Midway between highway and lake shoreline (20 m from
lake).
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Table 3.2. Composition of water collected from the mine shaft and seepage stream at the
Guanomi Mine site. All values are in mg/L. ND indicates the element was below the
analytical detection limit.

Parameter '

Aluminum

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Magnesium

Manganese

Nickel

Potassium

Sodium

Vanadium

Zinc

Method

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

EPA 6010

Mine
Shaft

440

0.02

0.07

240

0.12

0.97

5.8

700

380

8.7

0.91

0.55

130

0.20

4.2

Seepage
Stream

27

ND

ND

300

ND

0.14

0.04

85

88

1.9

0.12

1.2

64

ND

0.68

(1) analysis also included antimony, arsenic, barium, lead, molybdenum, and silver
which were not detected in either sample.
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The only metals in the seepage stream present in concentrations which are of
potential concern are copper (0.04 mg/L) and zinc (0.68 mg/L), which are higher than the
levels indicated to be toxic in guidance provided by the U.S. Environmental Protection
Agency (Federal Register 40 CFR Part 131, December 22, 1992). Copper and zinc in
freshwaters are potentially toxic to aquatic life at 0.018 and 0.12 mg/L, respectively. Thus,
the total copper and zinc concentrations measured in the seepage stream are potentially
toxic to aquatic organisms if they were living in the water. It is important to stress that
the levels of copper and zinc measured in the seepage stream are only of potential concern.
The concentrations reported in Table 3.2 are total values and may include substantial
contributions from particle-bound copper and zinc. Additionally, the primary toxicity
concern at the mine site is the export of toxic metals to Pyramid Lake and the delta of the
Truckee River. The relatively low concentrations of copper and zinc measured would be
diluted considerably if the seepage stream water actually reached the lake. Upon mixing
with lake waters, copper and zinc concentrations would be well below levels that are toxic
to plants and" animals. However, a definitive evaluation of potential copper and zinc
toxicity to aquatic life for the seepage stream is not possible with our limited sampling of
the site.

*

There, is evidence at the mine site that mineral phases had crystallized from the
waters of the seepage stream forming white crystals and an emerald green crust Samples
of both mineral phases were analyzed by x-ray defraction to identify minerals present (R.
Churchill, California Department of Conservation, Sacramento, CA). The white crystals
attached to the stream bed were clearly gypsum (CaSO4) indicating the seepage waters also
contained a high sulfur concentration. It is likely that the sulfur in the waters entering the
seepage stream is as the hydrogen sulfide ion (i.e. HS"), and contact with the atmosphere
oxidizes sulfide to sulfate. The sulfate produced then precipitates with calcium to form
gypsum. However, sulfur was not part of the ICP scan conducted on the water samples.
It is noteworthy that groundwater a few miles to the north of the mine site along the
western shore of the lake does contain high concentrations of sulfide (P. Wagner, Director,
Pyramid Lake Fisheries pers. comm.). This indirectly supports the presence of sulfide in
waters entering the seepage stream at Guanomi Mine as well.

The identity of the emerald green crust, in contrast to the gypsum crystals, remains
unknown due to a lack of any clear mineralogy detected by the x-ray defraction analysis.
We can speculate on its identity based on past geological descriptions of the region.
Whitebread and Magill (1977), in a mineral resources report, indicated that traces of
libethenite occurred in the rocks of the region. Libethenite is an emerald green mineral
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which contains copper and phosphate in its matrix. It is possible that the green crust
occurring along the margins of the seepage stream is an amorphous copper phosphate

mineral, but our limited analyses are inadequate to do more than speculate on its identity.

3.4 Soil Samples

Table 3.3 lists the elemental composition of the four tailing piles and the lake

shoreline sample (see Fig. 3,2). Several of the elements for which the soil samples were

analyzed were at or near the detection limit in all samples. This includes both cadmium

and mercury, which are of potential regional and national concern. For the metals which
were detected, it is interesting that the soil content in the lake shoreline sample was

actually higher than any of the four tailing piles. This .includes arsenic, barium, chromium,

manganese, strontium, vanadium, and zinc (Table 3.3). For those metals, the content in

the lake shoreline sample was at least twofold higher than the highest value observed in
any of the piles.

The only metal that was higher in the piles than in the soil collected from the lake

shoreline was lead (Table 3.3). Although the lead content of soil collected varied
tremendously among piles (4 to 88 pg/g), the average value of 39 pg/g for the four piles is

threefold higher than the lead content of soil on the present shoreline. This suggests that

erosion of soil from the mine tailing piles could be a source of lead to the lake. In section

3.5 of this chapter, we examine potential export of lead from the mine site and defer
further discussion on lead transport to that section.

A curious correspondence was noted for three metals between the content reported

for pile D and the lake shoreline (Table 3.3). For cobalt, copper, and nickel, the content in
soil samples collected from tailing pile D and the lake shoreline were nearly identical. The

cause of this correspondence is unknown. It may be that the source of the fine fraction of

the soil from both locations is of similar origin. The most likely common source for the

two locations is old lake bed sediments which cover the entire region. Much of the
excavation for the mine shafts would have been through layers of old lake bed sediments.

However, the validity of this explanation cannot be tested, and the cause of the similarity

between the two sites remains speculative.

Soil samples collected along the transect between the mine site and the present day

lake shoreline revealed that there was a trend of increasing content toward the lake for

many metals (Figs. 3.4-5). This includes aluminum, cobalt, nickel, copper, zinc,
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Table 3.3! Comparison of the composition of the four tailing piles at Guanomi Mine and
the shoreline sample (see Fig. 3.2). Values are in jig/g except where noted.

Elementl Pile A Pile B Pile C Pile D Lake

Aluminum (%)2

Arsenic

Barium2

Calcium (%)

Chromium2

Cobalt

Copper

Iron (%)

Lead

Manganese

Molybdenum

Nickel

Strontium2

Vanadium

Zinc

0.35

18

90

1.31

3

2

39

5.74

20

10

15

2

112

15

12

0.16

<2

50

5.21

<1

9

44

2.63

88

20

10

9

200

3

18

0.26

14

60

4.14

4

2

59

4.71

44

40

7

4

146

16

16

0.18

2

30

0.02

<1

17

106

5.17

4

5

36

19

19

3

2

1.12

46

270

3.23

14

16

84

6.34

12

475

5

18

418

59

90

(1) analysis also included silver, beryllium, bismuth, cadmium, gallium, mercury,
scandium, titanium, uranium, and tungsten which were all near the detection limits
for each element.

(2) analysis incomplete by nitric-aqua regia digest so values may be low.
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Figure 3.4. Composition of soil along the transect between the mine site (£6) and Pyramid
Lake (#18). See Figure 3.2 for locations. Distributions are shown for aluminum, copper
(Cu), zinc (Zn), nickel (Ni), and cobalt (Co). The values for aluminum underestimate the
total content of the soil due to incomplete digestion by the analytical method used.
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Figure 3.5. Distributions of vanadium (V), arsenic (As), chromium (Cr), strontium (Sr),
manganese (Mn), and barium (Ba) along transect (see Fig. 3.3). The values for Ba, Cr, and
Sr underestimate the total content of the soil due to incomplete digestion by the analytical
method used.
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chromium, vanadium, arsenic, barium, strontium, and manganese. In Table 3.3, we noted a
simple pattern of higher elemental composition for many metals in the shoreline sample
than any of the tailing piles. The results of the soil collection along the transect generally
supports that simple pattern. For copper, cobalt, and nickel, the distributions are actually
bimodal with higher values along the upper level of the site where the buildings are
located and in soil from the lake shoreline (Fig. 3.4). Speculation on the cause of the
bimodal pattern for those three metals is given in the preceding paragraph.

There are three exceptions to the general trend of increasing metal content of soils
toward the lake shoreline. These are iron, calcium, and lead. As noted above, the
distribution for lead showed a decrease in soil content toward the lake (Fig. 3.6), which
was clearly evident in the simple comparison presented in Table 3.3. In contrast to the
simple pattern for lead, the spatial patterns for calcium and iron did not display trends that
were unidirectional (either increasing or decreasing with distance). Indeed, the iron
content of soil was highest near the culvert under the highway but otherwise showed no
distinct pattern along the transect line. The distribution for the calcium content of soil
along the transect line was actually bimodal. The calcium content of soil was high both
near the seepage stream and along the present day shoreline of the lake.

A sample of yellow nodules from near the seepage stream (#13, Fig. 3.2) had the
highest metal content for the samples we collected at the mine site. Metals for which the
nodule sample was the maximum value observed include aluminum (1.2%), magnesium
(1.96%), sodium (1.59%), manganese (470 pg/g), zinc (154 ug/g), cobalt (27 pg/g), and
nickel (23 pg/g). The nodule material was also high in calcium (6.23%) and copper (90
pg/g). An examination of the elemental composition of the nodule material reveals that it
may simply be the mineral residue of water seeping to the surface in that region. If the
nodules are the residue of seepage water, its elemental composition (ratios of elements
present) should be similar to those reported earlier in our evaluation of the seepage stream.
Table 3.4 compares the elemental ratios of the nodules with those for water collected from
the seepage stream (Table 3.2). In all cases except aluminum and copper, the percent
difference between the ratio values for the nodules and seepage water is 15% or less.
Given the low concentrations of several of the elements in the seepage stream, these values
are remarkably close and support the origin of the nodules as the mineral residue of water
seeping to the surface. The higher ratio values for aluminum and copper in the nodules
relative to the stream indicates those two elements may have been selectively removed
from water in the seepage stream. This is consistent with the formation of a copper-
phosphate mineral phase around the seepage stream, as suggested earlier in the chapter.
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Figure 3.6. Distribution of lead along transect (see Fig. 3.4).
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Table 3.4. Comparison of the elemental composition of nodules and seepage stream water.
All values are normalized to the magnesium value in each sample (i.e. element/Mg) and
expressed as ratios. The unit ppm indicates ug/g. The final column lists the relative
percent difference (RPD) between the two values.

Element Units Nodules Stream RPD

Aluminum

Sodium

Manganese

Zinc

Cobalt

Nickel

Calcium

Copper

(%/%)

(%/%)

(ppm/%)

(ppm/%)

(ppm/%)

(ppm/%)

(%/%)

(ppm/%)

0.61

0.81

240

79

13.8

11.7

3.18

45.9

0.31

0.73

216

77

15.9

13.6

3.41

4.6

65

10

11

3

14

15

7

>100
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Variations in the metal content of soils at the Guanomi Mine site with depth were
evaluated by collecting a soil profile next to the seepage stream (Table 3.1, Fig. 3.2). To
obtain the soil profile, a pit was dug into the side of the stream bank in soil saturated with

water. The profile consisted of four samples collected from the upper seven inches of the

soil column, with horizons identified on the basis of changes in color and texture. The

upper surface of the soil (<0.1 inches) consisted of a gray-yellow crust. On the underside
of this surface crust was a thin emerald green layer. These two horizons were sampled

together as the surface layer. Below the surface crust was a layer from 0.2 to 1.5 inches
that consisted of soil that was uniformly gray. The second sample in the profile was from
that gray layer. From a depth of 1.5 to 6 inches, the gray soil was mixed with yellow, and
this yellow-gray horizon was sampled as the third layer. Finally, the bottom inch of soil in
the pit consisted of a coarse orange-brown soil, which was sampled as the fourth and final
soil horizon.

Several distinct depth patterns were observed for different metals in the soil at the

seepage stream location (Figs. 3.7-8). This includes a trend of decreasing metal content

with depth, increasing content with depth, and a subsurface peak in the yellow-gray
horizon (1.5-6 in). In contrast to metals showing these three patterns, six elements showed
little variation with depth. These are copper, nickel, cobalt, chromium, manganese, and
zinc. The lack of a copper peak in the surface layer containing the green horizon

contradicts our earlier speculative identification of the green layer as a copper-phosphate

mineral. It is also possible that the green layer only contributed a small fraction of the
total mass in the surface soil sample minimizing its contribution to the copper content
measured. However, our data are inadequate to resolve this contradiction.

The gray crust at the surface of the soil profile is likely a calcium carbonate
mineral. In that layer, calcium contributed 13.4% of total mass, which is the highest value
measured in the soil survey at the mine site. Converting that value to CaCO3 yields a total
contribution of approximately 34%, assuming all the calcium is associated with carbonates.

The dominance of carbonate phases in the surface layer is supported by the depth
distribution of strontium, which also showed a relative peak at the surface. Strontium

carbonate is extremely insoluble in water. Thus, SrCO3 should coprecipitate with CaCO3

when strontium is present.

The most common pattern displayed for the soil profile was a peak in the 1.5-6
inch layer. This layer was high in iron (7.73%) and also showed peaks in strontium, lead,

barium, and vanadium (Fig. 3.7). For lead, the soil content of the third depth layer was
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Figure 3.7. Soil composition for the profile from near the seepage stream (#8, see Fig.
3.2). All values are in ug/g, except iron (%).
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Figure 3.8. Soil composition for the profile from near the seepage stream (#8, see Fig.
3.2).
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the highest for all samples collected at the mine site. Because the soil profile was not
collected from an area disturbed by the mining activities, the high lead content indicates
that soils at the site are naturally elevated in lead. This is an important fact because
elevated lead content in the soil as a whole indicates that potential transport into Pyramid
Lake is probably not associated with the mining activities. Rather, high lead is associated
with the mineral outcropping itself. The correspondence between iron and several metals
in the third layer may indicate the presence of some pyrite (an iron sulfide mineral) in the
yellow-gray soil horizon (1.5-6 inches).

3.5 Contamination Potential

Our assessment of the Guanomi Mine site indicates that the mining activity that has
taken place has probably not affected the transport of metals to the lake. Indeed, many of
the elements for which soils were analyzed were highest along the current lake shoreline.
The exception to that pattern is lead which was much higher in the tailing piles than near
the lake. However, the highest soil content of lead was actually found in the soil profile
collected near the seepage stream. This suggests that the relatively high lead content of
soils at the mine site are probably associated with the mineral outcropping rather than
localized to the tailing piles. It is likely that the contamination potential from the site is
not different from mineral outcroppings located throughout the Pyramid Lake basin.
Indeed, the assessment of the southwest region of the reservation by American Selco
revealed that many of the samples collected from the mountains adjacent to Guanomi Mine
contained lead content >50 pg/g (Prochnau 1973); This suggests that potential nonpoint
source lead input to the lake is not localized to the Guanomi Mine site but regional in
nature. However, it is possible that the construction of mine shafts into the hillside has
facilitated aqueous phase metal transport during winter storms. M. Martin (Director, Tribal
Environmental Department pers. comm.) indicated that runoff from the site following a
recent storm event was acidic (pH < 1). The Tribe should continue monitoring the site
during this coming winter to better assess the potential threat of runoff from the site (see
chapter 10).
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CHAPTER 4

NONPOINT INPUTS TO PYRAMID LAKE FROM SHORELINE DEVELOPMENT

4.0 Chapter Summary

The development of the shoreline surrounding lakes is an important factor affecting
the overall water quality of the lake ecosystem. For Pyramid Lake, the main potential
nonpoint sources (NPS) of pollution to the lake are associated with fishery operations,
livestock grazing, urban development around Sutcliffe, and seasonal recreational activities.
In this chapter, we examine how these various activities within the Pyramid Lake basin
may contribute to NPS pollution to lake waters.

/ The Tribe operates several fish hatcheries and a rearing facility near Sutcliffe to
support the cui-ui and trout population of Pyramid Lake. The two freshwater facilities are
located to the southwest of Sutcliffe approximately one half mile from the shoreline of the
lake. Because the facilities discharge wastewaters to a lagoon system, the impact on
Pyramid Lake from the small amount of water used at the facilities (35 gal/min) for
several months each year is probably negligible. The shoreline fish rearing facility has a
greater potential impact of the lake due to its location on the shoreline of Pyramid Lake
and its direct discharge to the lake. It is important to note that the discharge from the
shoreline to the lake is used to attract adult fish into the constructed channels of the
facility during the breeding season. A sampling of the nutrient content of water from the
discharge channel to the lake in February 1993 revealed concentrations of dissolved
inorganic nitrogen (nitrate and ammonium) and phosphate similar to lake waters. This
suggests that water discharged from the facility should not stimulate algal growth near its
outfall. However, the facility may be an important source of organic nitrogen to thejake.

The grazing of cattle along the shoreline of Pyramid Lake is another potential small
source of nutrients to the lake. When cattle are moved to their summer ranges around the
lake, animal wastes associated with foraging along the lake's shoreline potentially
contributes to total nutrient loading to Pyramid Lake. It is estimated that cattle contribute
5750 Ibs of nitrogen and 1920 Ibs of phosphorus to the lake annually.
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Urban development near Sutcliffe potentially contributes to NFS pollution to the
lake through the production of domestic wastes, urban runoff, and past deposition of solid
wastes in landfills. For domestic wastes, the input of nutrients to the lake is actually quite
low due to efficient treatment of wastes in a lagoon system. Annually, the transport of
nutrients from domestic wastes into the lake through groundwater was estimated to be 444
Ibs of nitrogen and only 19 Ibs of phosphorus. Urban runoff to the lake was also
determined to be low. The final potential source of NPS pollution to the lake from urban
activities, community landfills, is due to past practices on the reservation when landfills
were used to dispose of solid wastes. Presently, the Tribe exports solid wastes generated
on the reservation to a site near Reno. Our assessment of the potential for release from the
old sites is low due to arid conditions on the reservation which limit degradation and
transport of pollutants.

In the final section of the chapter, we note several additional potential sources of
NFS pollution on the reservation for which quantitative data are lacking. These are
recreational activities, mining of mineral resources, and ranches within the Pyramid Lake
basin. Potential inputs from these sources are probably small but are currently unknown.

4.1 Introduction

The development of the shoreline of aquatic systems has been shown to be a major
factor affecting the water quality of lakes. Indeed, a recent report to the U.S. Congress on
nonpoint sources (NPS) of pollution to aquatic systems listed several activities associated
with development that have affected lakes throughout the country (USEPA 1992a). For
lakes with degraded water quality, urban growth (6%), land waste disposal (4%), and
construction (2%) were all contributing factors.

For Pyramid Lake, the impacts of development around the lake are probably less
important than many smaller systems due to its large size and limited development that has
occurred. Indeed, many areas of the lake shoreline have experienced minimal impacts
from development (see Fig. 4.1). In other regions, the pressures of development have
varied depending on the intensity of man's activities. Potential sources of NPS pollution to
the lake are fishery operations, livestock grazing, urban development, and seasonal
recreational activities. The urban development within the Pyramid Lake basin is primarily
located in the area surrounding Sutcliffe on the western shore of the lake. In that region,
the Tribe operates several hatchery and fish rearing facilities and a boat marina. Sutcliffe
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Figure 4.1. Pictures showing the sparse vegetative cover along the shoreline of Pyramid
Lake. The upper frame is from north of Sutcliffe while the lower one is along the north
margin of the lake. Both pictures were taken from the road surrounding the lake.
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is also a primary residential area, contributing to potential NPS pollution to the lake
through urban runoff and the treatment and disposal of domestic wastes.

In this chapter, we examine how development within the Pyramid Lake basin and
along the shoreline of the lake contribute to NFS pollution to lake waters. Because the
majority of the activities occur primarily along the western shore of Pyramid Lake, we
focus our attention on that region. Quantitative information to assess NPS loading to the
lake from the various activities along the lake's shoreline are sparse. Thus, we primarily
take a qualitative approach to the assessment of NPS pollution to the lake from
development within the Pyramid Lake basin.

4.2 Sutcliffe Hatchery and Rearing Operations

The Tribe operates several fish hatcheries and a rearing facility near Sutcliffe to
support the cui-ui and trout population of Pyramid Lake (P. Wagner, Director, Pyramid
Lake Fisheries pers. comm.). The two freshwater facilities are located to the southwest of
Sutcliffe approximately one half mile from the shoreline of the lake. To minimize water
usage, water recycling is maximized within the freshwater facilities, and total usage for
both the cui-ui and Lahontan cutthroat trout hatcheries is only 35 gal/min. For the cui-ui
hatchery, the facility is operated during April to June of each year to produce
approximately one million cui-ui larvae. The facility simply provides a suitable
environment to hatch the cui-ui eggs and does not add any feed, and thus, nutrient release
from the cui-ui hatchery should be minimal. The trout hatchery operation is more
extensive requiring the addition of 10,000 Ibs of feed to produce 8000 Ibs of juvenile trout
per year. Effluent released from the combined freshwater facilities is discharged to an
infiltration lagoon system with no connection to Pyramid Lake. The nitrate concentration
of the hatchery effluent is typically 3-5 mg/L (Pyramid Lake Fisheries unpubl. data). It is
likely that the discharge of nitrogen compounds from the freshwater hatcheries have a
minimal effect on Pyramid Lake due to the efficient removal of nitrogen from lagoon
treatment systems (USEPA 1992b).

The shoreline rearing facility in Sutcliffe is located at the Resource Laboratory of
Pyramid Lake Fisheries. It is used to acclimate fish to lake conditions and rear a portion
of the cui-ui and trout produced at the freshwater hatchery facilities on the reservation (P.
Wagner, Pyramid Lake Fisheries pers. comm.). Of the million cui-ui larvae at the
freshwater facility each year, approximately 200,000 are transferred to rearing ponds at the
shoreline facility, while the remainder are released in Pyramid Lake. For the larvae
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transferred to the ponds, they are raised until October and then released to the lake. The
cui-ui rearing ponds are static systems to which approximately 50 Ibs of fertilizer and a
nitrogen supplement (alfalfa pellets) are added to stimulate the growth of algae and
zooplankton as a food source for the cui-ui. Because the cui-ui ponds do not discharge to
the lake, they are not potential sources of nutrients to the lake and are excluded from
further discussion.

In contrast to the cui-ui operation, the rearing of trout at the shoreline-facility does
represent a potential direct source of nutrients to Pyramid Lake. Trout fry are transferred
to the shoreline acclimation and rearing facility in September or October of each year, and
the trout operation at the facility continues until May of the following year. At present,
only a portion of the trout raised in the freshwater hatcheries on the reservation are held at
the shoreline facility for growth. Most of the fish are simply acclimated to the salinity and
alkalinity of lake waters and released to Pyramid Lake. In the future, the shoreline facility
may extend the trout rearing operation through the summer to produce larger fish. A pilot
test of summer rearing of trout at the shoreline facility is scheduled for summer 1995 to
assess its overall potential. Currently, the shoreline facility imports 2000-4000 gal/min of
lake water into the facility for the operation of the trout holding tanks. After circulating
through the fish tanks, the water is then release back to the lake to attract adult trout to the
discharge stream during the spawning season for collection of spawning individuals.

The potential input of nutrients to Pyramid Lake from the fish rearing facilities in
Sutcliffe can be estimated from the nutrient content of feed used in the operations. In the
preparation of nitrogen and phosphorus budgets for the lake (Lebo et al. 1993c), we
included both fish stocking to the lake and water discharged from rearing tanks as sources
of nutrients to Pyramid Lake. However, Lahontan cutthroat trout production is the
objective of the operations, and thus, the stocking of fish raised in the facilities is a
product of the operation and not pollution. An additional consideration is that the
shoreline trout rearing facility discharges directly to the lake, which actually makes it a
point source. We include it in our nonpoint source assessment on the reservation as a
comparison to nonpoint sources within the Pyramid Lake basin and to determine if current
operating procedures should be modified. It is important to note that the discharge from
the shoreline trout rearing facility is used to attract adult fish into the facility during the
breeding season, which constrains any potential reduction in total discharge to the lake.

Pyramid Lake Fisheries currently stocks approximately 80,000 Ibs of Lahontan
cutthroat trout to the lake annually (P. Wagner, Pyramid Lake Fisheries pers. comm.).
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Although the U.S. Fish and Wildlife Service adds an additional 60,000 Ibs/yr, those trout
are not raised at the lake and should not affect this assessment. At the rearing facility, the
production of trout by the Tribe consumes 26,000 pounds of feed per year. Our estimate
of nutrient loading to Pyramid Lake from the rearing facility under current operating
conditions is based on that level of feed addition. Later in the section, potential nutrient
inputs at higher annual rates of trout production and summer operation of the rearing
facility are also evaluated. The potential input of nutrients to the lake from feed used in
the rearing of trout can be calculated from typical nitrogen (7%) and phosphorus (2%)
content of fish feed. The total amount of nitrogen and phosphorus added to the trout tanks
under current feed addition of 26,000 Ibs/yr are 1820 and 520 Ibs/yr, respectively.
Because a large fraction of the nutrients added contribute to fish growth, this maximum
potential release of nutrients must be reduced by fish production. Assuming the nitrogen
content of fish is 2.5% (Niimi 1972), the production of 73,000 Ibs of trout in the rearing
facility would account for the nitrogen content of the feed added. It would also account
for 90% of the phosphorus content. Thus, fish production at the Sutcliffe rearing facility
can fully account for the nutrient content of added feed.

The discharge stream from the shoreline rearing facility was sampled on February
22, 1993 as part of the comprehensive stream survey conducted as part of this project On
that date, discharge to the lake was 5.4 cfs (2400 gal/min). The dissolved nitrogen
concentrations in the water were 0.046 and 0.009 mg/L for nitrate and ammonium,
respectively, while phosphate was 0.056 mg/L. These values are similar to nutrient
concentrations typically observed in the center of Pyramid Lake during winter. In fact, the
nitrate and phosphate values are lower than ones reported by Pyramid Lake Fisheries for
water quality samples collected from the center of the lake in February and March 1993.
This suggests that the rearing facility may actually remove dissolved inorganic nutrients.
However, our February 1993 sampling of the discharge from the rearing facility indicates
that it does export organic nitrogen to the lake. Organic nitrogen (Kjeldahl nitrogen
method) in the discharge stream was 1.61 mg/L or 97% of total nitrogen. Because total
suspended sediment in the discharge was low (6.1 mg/L), DON was the dominant nitrogen
fraction accounting for 1.53 mg/L (92%) of total nitrogen input. Correcting this value by
the DON concentration of the lakewaters intake (0.63 mg/L), the production of DON
within the rearing facility may be as high as 0,9 mg/L.

The goal of Pyramid Lake Fisheries is to increase overall production of trout
stocked to the lake to 300,000 Ibs/yr (P. Wagner, Pyramid Lake Fisheries pers. comm.).
To increase production to this higher level, it is anticipated that total feed used at the
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lakeshore fish rearing facility will increase to 150,000 Ibs/yr. Potential nutrient loading to
the lake at the increased production rate can be calculated using the assumptions stated
above for the current production level. The higher use of feed at the projected production
level will contribute 10500 and 3000 Ibs/yr of nitrogen and phosphorus, respectively.
Subtracting the production of fish from these values yields potential loading rates to the
lake of 3000 and 1077 Ibs/yr of nitrogen and phosphorus, respectively. Therefore, the
doubling of fish stocking from the current level to the desired goal would increase nitrogen
and phosphorus discharged to the lake. The impact of the release of DON at the higher
production rate is unknown and cannot be assessed with present data.

4.3 Livestock Manure

The potential input of nutrients to Pyramid Lake from livestock waste can be
estimated from the total cattle population inhabiting the reservation and its distribution.
According to D. John (Tribal Manager pers. comm.), the current cattle population on the
reservation is approximately 3500 head with seasonal variations .in foraging grounds.
Generally, cattle graze on assigned range locations throughout the reservation during April-
September and then are moved to pastures along the river for the winter. One exception to
that management pattern is that cattle in the grazing ranges near Sutcliffe remain in the
hills throughout the year. Foraging along the shoreline of the lake typically occurs during
summer months when cattle are moved to summer ranges around the lake. At present,
usable rangeland on the reservation, due to water availability, includes the entire western
shoreline of the lake and adjacent hills, Mullin's creek, and the south end of the lake. The
impact of the cattle on the lake will be greatest during periods when cattle occupy their
summer ranges near the lake shoreline (see Fig. 4.2).

Potential loading of nitrogen and phosphorus to Pyramid Lake from livestock
manure can be estimated from average waste production by cattle and the foraging pattern
listed above. Loehr (1984) reported that beef cattle produce 0.45 and 0.15 Ibs/day of
nitrogen and phosphorus, respectively, as manure per 1000 pound animal. The number of
cattle inhabiting the shoreline of the lake during the summer (6 months) is assumed to be
20% of total head based on the observation of cattle at the south end (100 head, D. John
pers. comm.), in Sutcliffe, and near Warrior's Point (northwest margin of lake). Further,
we assume that only 10% of the nutrient content of manure eventually reaches the lake.
Taking these assumptions into account, the potential contributions of nitrogen and
phosphorus to the lake from cattle are 5750 and 1920 Ibs/yr, respectively. It is noteworthy
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Figure 4.2. Cattle grazing along the shoreline of Pyramid Lake north of Sutcliffe at
Warrior Point.
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that future loading of nutrients to Pyramid Lake will probably be lower than cuirent
estimates when additional rangeland is developed away from the lake shoreline.

4.4 Urban Development

.'~u

Domestic Wastes

The input of nutrients to Pyramid Lake through domestic wastes should be
restricted to waste production in Sutcliffe. Although domestic wastes from Wadsworth and
Nixon may also reach the lake (eventually), they will be included in the assessment of
nonpoint inputs to the- Truckee River examined in chapter 7. Further, the actual input of
nutrients to Pyramid Lake from domestic wastes generated in Sutcliffe should be only a
small fraction of total production since waste is discharged into a lagoon (P. Wagner,
Director, Pyramid Lake Fisheries pers. comm.). The degradation of domestic waste in the
lagoon impoundment should greatly reduce the solid components of the waste and
minimize the transport of nutrients to the lake. We evaluate first the maximum potential
input of nutrients to Pyramid Lake from domestic waste and then1 revise that estimate
based on the probable removal efficiency of nutrients in a lagoon system.

Home and Galat (1985) reported a total nitrogen input to Pyramid Lake from
domestic wastes of 2860 Ibs Mg N/yr. That estimate was based on a population for
Sutcliffe of 333 persons and an annual waste production of 4 kg N/yr for each person (Fair
et al. 1968). A revised estimate for the current population surrounding Sutcliffe is a total
of 240 individuals (D. John, Tribal Manager pers. comm.). Further, estimated nitrogen and
phosphorus loadings per capita are also available from recent guidance provided by the
U.S. Environmental Protection Agency (US EPA 1992b). The typical individual uses
approximately 44 gallons of water daily with nitrogen and phosphorus concentrations of
35-100 and 6-12 mg/L, respectively. Using the midpoint of these concentration ranges
yields annual waste productions of nitrogen and phosphorus of 9.2 and 1.6 Ibs/yr,
respectively, per individual. Thus, the total production of nitrogen and phosphorus in
Sutcliffe as domestic wastes is 2220 and 380 Ibs/yr, respectively.

The potential input to Pyramid Lake of the nitrogen and phosphorus fractions of
domestic wastes produced in Sutcliffe will be reduced by the treatment efficiency of
nutrient removal in the lagoon treatment system used by that community. Further, the
lagoon system at Sutcliffe does not discharge to the lake meaning that nutrient inputs to
Pyramid Lake from domestic wastes must occur through groundwater transport of water
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leakage from the system. For the lagoon system at Sutcliffe, a large fraction of both total
nitrogen and phosphorus should be effectively removed. Stabilization pond type lagoons
remove nitrogen primarily through the volatilization of ammonium gas to the atmosphere
after degradation of organic nitrogen phases (USEPA 1992b). Typically, nitrogen removal
in lagoons is 10-80%, while phosphorus is removed at a somewhat higher efficiency of 29-
99%. Because the Sutcliffe lagoon system does not have a surface discharge, we use the
maximum efficiency values reported for lagoon systems to estimate potential nutrient
inputs to Pyramid Lake. Taking removal efficiencies into account, the annual potential
loadings of nitrogen (80%) and phosphorus (95%) to the lake from domestic wastes are
reduced to 444 and 19 Ibs/yr, respectively.

Urban Runoff

Materials contained in surface runoff from urbanized areas contribute to NFS
pollution to aquatic systems. This is especially true for larger cities and towns which have
engineered stormwater systems designed to collect and transport runoff directly to
receiving waters. While urbanization within the Pyramid Lake basin is minimal,
development in Sutcliffe is a potential source of NPS pollution to Pyramid Lake through
urban runoff. The volume of urban runoff from Sutcliffe which could discharge to the
lake was estimated using the Rational Method. With this approach, a simple equation is
used to compute approximate discharge:

Q = C • i • A (4-1)

where Q is the runoff rate (acre-ft/yr), C is the runoff coefficient based on watershed and
surface characteristics, i is annual precipitation (ft/yr), and A is the urban area (acres).

The area of Sutcliffe was determined from the provisional edition (1986) of the 7.5
minute series U.S. Geological Survey topographical map for that area of the lakeshore.
The total area under consideration (100 acres) was further divided into 11 land-use
categories such as improved roads, unimproved roads, dwellings, a trailer park, the marina,
unimproved land, etc. A separate runoff coefficient (C-factor) was used for each category
and was based on recommendations contained in Goldman et al. (1986). C-factors range
from 0 to 1 and reflect the likelihood that rain will drain from a given surface. An
additional coefficient, based on proximity to the lake and probability that runoff will
infiltrate prior to reaching the lake, was also used; for Sutcliffe, values for this additional
coefficient ranged from 0.25 to 0.9. Using the average precipitation for Sutcliffe (0.65
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ft/yr, Lebo et al. 1993c), the calculated urban runoff flow from Sutcliffe to Pyramid Lake
using equation 4-1 was 6.6 acre-ft per year.

Pollutant loads to Pyramid Lake from urban runoff in Sutcliffe were estimated as
the product of the calculated annual flow and expected concentrations. The Tahoe

Regional Planning Agency (1977) and the California - State Water Resources Control
Board (1980) provide data on water quality of runoff from various land-uses and specific

activities. The product of discharge from the eleven identified land-uses and appropriate
pollutant concentrations were summed to determine total loads. Annual loads were
calculated for total suspended solids (5880 Ibs), total nitrogen (20 Ibs), nitrate (4.2 Ibs),
phosphate (9 Ibs), and chloride (161 Ibs). Urban runoff of toxic compounds was
considered to be negligible.

Community Landfills

The disposal of trash and other solid wastes in landfills is one of the oldest and

simplest forms of waste disposal (Suflita et al. 1992). In the United States as a whole,

disposal of solid wastes in landfills accounts for more than 70% of total waste disposal
annually (USEPA 1989a). Despite this cultural dependence on landfills, relatively little is

known about how well this disposal technology actually functions in the degradation of
solid wastes. An extensive study of the primary landfill used by the city of New York was

initiated to examine how well that landfill functioned in waste degradation (Suflita et al.
1992). The study revealed that many forms of solid wastes that are typically assumed to

be rapidly degraded actually resist degradation in some circumstances. One of the
conclusions from that study was that the moisture content of buried waste directly affected
its decomposition rate, with minimal degradation when moisture content is low.

For the reservation, the potential impact of pollutants leaching from landfills on

Pyramid Lake is small due to the arid climate of the region and the recent closure of all
landfill sites to waste burial. In the past, there were as many as 50 different sites
throughout the reservation in which solid wastes were buried (D. John, Tribal Manager

pers. eomm.). These sites have now all been closed and sealed with a layer of soil.
Currently, solid wastes generated on the reservation are temporarily deposited at a few
regional transfer sites and periodically hauled to Reno for disposal. The closed landfill
sites do represent a potential source of NPS pollutants to groundwater in the region.

However, the low moisture content of soils around the lake should greatly reduce the rate
of decomposition within the landfills minimizing the migration of breakdown products.
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4.5 Miscellaneous Sources

Recreational Activities

The uses of Pyramid Lake and its shoreline for recreational purposes are some of
the primary sources of income to the Tribe. The lake is a prime area for camping, boating,
swimming, and fishing for Tribal members and visitors from the surrounding communities.
On a typical summer weekend, the lake receives 6000-10,000 visitors, and the total number
of individuals using the lake can exceed 20,000 during peak periods (M. Hartog, Tribal
Ranger pers. comm.). The estimated number of total visitors to the lake on an annual
basis is 100,000, with approximately equal numbers in the summer and fall-spring fishing
season. Summertime camping and boating activities tend to be congregated at several
locations around the lake, with most of the activity along the western shoreline from
Sutcliffe to the north end of the lake (see Fig. 4.3). In contrast to the utilization of the
north end of the lake during summer, fishing for Lahontan cutthroat trout during fall-spring
occurs primarily at the south end of Pyramid Lake. .

The recreational activities around Pyramid Lake have several potential impacts on
the lake. These include increased nutrient loading and sediment transport to the lake.
However, the input of nutrients to the lake from increased domestic wastes should actually
be minimal due to the distribution of portable toilet facilities at areas around the lake
receiving heavy use. Sediment loading to the lake due to disturbances caused by
recreational use should also be low due to minimal rainfall at the lake during the prime
summer recreational periods, with the months of June-September each accounting for <5%
of the annual total (Lebo et al. 1993c). Perhaps, the most important potential sources of
NPS pollution to the lake are through boating and jetsld activities at the Marina and
throughout the lake. Potential inputs to the lake from boating activities include petroleum
products such as gas and oil and the leaching of metals from structures at the Marina.
Data to directly assess the impacts of these recreational activities on Pyramid Lake are
lacking, and potential sources listed here are provided as a reference for later studies.

Mining Operations

The pursuit of mineral resources has been integral to the development of the State
of Nevada over the past 150 years. In chapter 3, we described some of the mining history
of the region and indicated that several sites in the mountains surrounding the reservation
had been prospected for mineral extraction. The most prominent example is Guanomi
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Needles

Warrior Pt.

Pelican Pt.

Sutcliffe

Pyramid

Figure 4.3. Locations of primary recreational use area around Pyramid Lake. There are
several beach areas along the western shore of the lake that also receive heavy use. The
diameter of the circles does not reflect the relative use of each of the regions identified.
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Mine at the south end of the lake, which is the focus of that chapter. Additional mine
sites surrounding the lake also represent possible sources of NFS pollution to the lake.
The waters from the mines can be transported to the lake through the various ephemeral
(temporary) streams discharging intermittently to Pyramid Lake. Fortunately for the water
quality of the lake, the quality of metal ores around Pyramid Lake is fairly low, and the
extraction of minerals on the reservation has been limited (Whitebread and Magill 1977).
We include mining activities in this assessment to recognize that they represent a potential
source of NPS pollution on the reservation.

A second type of mining operation within the Pyramid Lake basin is the extraction
of dolomite from did terraces along the western side of the lake. Dolomite is a calcium-
magnesium carbonate mineral that has precipitated from shallow waters of the lake. The
areas in which it is presently mined are portions of the basin that were previously covered
with water when Pyramid Lake was at a much high level (e.g. 11,000 to 13,500 years
ago). Because the operations are distant from the lake shoreline, they are simply noted to
indicate that they occur on the reservation.

Ranches '

The raising of livestock on the reservation is generally restricted to open range
grazing of cattle (see earlier assessment). However, there are also a small number of
ranches located in the canyons along the western shore of Pyramid Lake where permanent
sources of water are available. Those ranches potentially represent a small source of
nutrients and sediments to areas downstream from the canyons. Because the ranches are
located away from the shoreline of the lake, the transport of a significant amount of
nutrients from those sites to Pyramid Lake is unlikely. Potential transport is further
reduced by the low annual precipitation characteristic of the region. For these reasons, we
acknowledge the presence of the ranches within the Pyramid Lake basin but do not try to
quantify the transport of nutrients from them.
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CHAPTERS

TRUCKEE RIVER WATER QUALITY

5.0 Chapter Summary

. Water quality along the lower Truckee River has been the subject of numerous
studies over the past two decades. In this chapter, we .summarize the results of several
past studies and present data from ongoing monitoring programs on the river and field
surveys conducted as part of this project. The decline in water quality in the lower
Truckee River (below Derby Dam) involves changes in its composition, and we focus here
on three general categories of constituents: total dissolved solids (TDS), nutrients, and
total suspended sediment load (TSS). In previous studies, the degradation of river water
quality has been attributed to several factors affecting the constituents listed including low
flow during summer, irrigation return flows, and groundwater accrual. The focus of this
chapter is to describe seasonal and spatial patterns in the water quality of the Truckee
River. The relationships between the observed trends in water quality and activities along
the river are the subject of chapter 6.

The Truckee Meadows Water Reclamation Facility (TMWRF) has conducted a
monitoring program on the Truckee River since 1985. Data from the plant's monitoring
program are used here to describe general patterns in water quality along the lower river
on the reservation. Consistent with numerous previous studies, the monitoring data from
TMWRF show a large increase (136%) in average conductivity between Wadsworth and
Nixon, with large increases (>500 pmhos/cm) often observed. In contrast, average nutrient
concentrations decrease (22-53%) along the same stretch of the river. Downstream of
Nixon, average concentrations of phosphate, nitrate, and ammonium and conductivity all
increased.

TMWRF monitoring data indicate several seasonal patterns in Truckee River water
quality. For conductivity, large increases typically occurred in all seasons along the stretch
of the river between Wadsworth and Nixon, with somewhat lower values during spring
runoff. Increases in the conductivity of river water downstream of Nixon, in contrast, were
generally much smaller (<25 pmhos/cm) and generally limited to the June-October

CH-05.NPS 82 October 17, 1994



Truckee River Quality DRAFT

irrigation season. For dissolved nutrients, nitrate and ammonium removal upstream of
Nixon showed different seasonal patterns, nitrate removal greatest during fall months
compared with winter months for the ammonium fraction. Spatial variations in phosphate
concentration revealed a pattern of removal upstream of Nixon throughout much of the
year. However, there was a release of phosphate downstream of Nixon during summer
months (similar to conductivity).

Seasonal variations in the composition of Truckee River waters were further
examined using data reported for January-September 1993 at Nixon. Variations in Truckee
River flow during 1993 were dominated by snowmelt and the release of water from
reservoirs during April-June to support a spawning run of cui-ui from Pyramid Lake.
Overall,, flow began to increase in March from extremely low winter values (<30 cfs) to
maximum flows during May-June. The suspended sediment (TSS) concentration of river
waters generally increased with increasing river flow during 1993, although fluctuations
often followed or preceded variations in river flow. Variations in total nitrogen and
phosphorus at Nixon during 1993 were also associated with variations in river flow due to
the contribution of particle-bound phases to both nutrient fractions. For dissolved
nutrients, nitrate concentration demonstrated a substantial increase during peak spring flows
(e.g. March-June). Contrasting other nutrient fractions, the seasonal pattern for phosphate
concentration in the Truckee River showed a continual increase between January and
August 1993.

Although the monitoring programs on the Truckee River provide a substantial
amount of water quality data, the spatial (2 or 3 locations on the reservation) and temporal
(monthly samplings) scales of the programs constrain interpretations concerning source
regions. We conducted an extensive sampling program of the Truckee River during May-
July 1994 to better identify the stretches of the river in which changes occur. The
sampling design of the program involved sampling at 11 locations at approximately weekly
intervals over a ten week period. For that period, seasonal trends in the water quality of
the Truckee River generally followed patterns observed in previous years. It is noteworthy
that the nitrate concentration at Wadsworth and Nixon was were nearly identical on all
eight transect dates, which contrasts with previous years.

The largest changes in the conductivity of river waters during 1994 occurred under
low flow conditions, with increases in three distinct regions. These are downstream of
Wadsworth, Dead Ox Meadows, and downstream of Nixon. Increases in those regions
were also observed during moderate and high flow conditions. There was a large decrease
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in the conductivity of river waters downstream of Numana Dam under low flow
conditions. Under the extremely low flow conditions observed during summer 1994, all
the flow of the Truckee River was diverted from the river channel at Numana Dam for
irrigation of croplands surrounding Nixon. A large decrease (-213 umhos/cm) in the

conductivity of river waters in that stretch of the river indicates that the source of recharge
water downstream from the dam is. different from the water used for irrigation.

Changes in the total suspended sediment (TSS) concentration of Truckee River
waters were generally largest under high flow conditions. For moderate and high flow
transects, there were increases in the TSS concentration in several regions of the river in
which the banks of the river channel are steep and being undercut. These are downstream
of Wadsworth, Dead Ox Meadows, and downstream of Nixon. The main change in the

TSS concentration of river waters under low flow conditions was a large increase upstream
of Numana Dam in a region where the gradient of the river is steep. The organic content
of suspended sediments along the Truckee River was affected by erosion of inorganic

paniculate matter and groundwater nutrient inputs. In regions where TSS increased, the

organic content of TSS typically decreased. This suggests that increases in the TSS
concentration are primarily due to the input of sediment particles low in organic matter
such as erosion of bank material. Increases in the organic content of sediments occurred in
regions of known groundwater input such as downstream of Wadsworth and along Dead

Ox Meadows.

The spatial distributions of dissolved inorganic nitrogen fractions (ammonium and

nitrate) showed several regions of potential input Ammonium concentrations along the
Truckee River for the 1994 study period were typically low and often indicated removal.

The maximum concentration observed for ammonium during the eight transects was only
0.041 mg/L at Marble Bluff Dam on July 25, 1994. Further, the maximum ammonium
concentration along the river occurred between Wadsworth and Marble Bluff Dam on five

of the eight sampling occasions, with a rapid removal of ammonium downstream of the
source region. The most consistent feature for nitrate concentrations on the reservation
was input downstream of Wadsworth. In that region, the observed increase in nitrate
concentration was greatest at low flow, but increases occurred for all flow regimes.

Nitrate inputs were also suggested by changes in concentration along the river downstream

of Numana Dam.

For phosphorus, variations in concentrations along the river were associated with
groundwater inflows and changes in suspended sediment (TSS). Changes in the total
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phosphorus (TP) concentration generally reflected variations in phosphate, except when

large changes in TSS occurred. For phosphate, concentration variations along the river
appear to be related directly and indirectly to groundwater inflows. Downstream of

Wadsworth, phosphate concentration decreased under low flow conditions in the stretch of

the river where nitrate concentration was elevated. This suggests that the biological

utilization of the nitrate input downstream of Wadsworth caused a corresponding decrease

in the phosphate concentration. A similar decrease was also observed in region 6 under

low flow where the conductivity distributions indicate groundwater inflow. The seasonal

decrease in phosphate concentration at Nixon during July may also be a result of nitrate

inputs to the river upstream of Nixon. The removal of phosphate along those several
stretches of the river, presumably due to biological utilization of nitrogen inputs, is

contrasted by a continuous input of phosphate downstream of Nixon where groundwater is

high in phosphate.

5.1 Introduction

Numerous studies over the past two decades have examined the degradation of

water quality in the lower Truckee River (below Derby Dam). In this chapter, we

summarize the results of several past studies on Truckee River water quality and present
additional data from ongoing monitoring programs on the river and field surveys conducted

as part of this project. Water quality degradation in the Truckee River involved changes in

several constituent concentrations, and we focus here on three general categories. These

are total dissolved solids (TDS), nutrients, and the total suspended sediment (TSS). An

additional issue of primary concern on the lower river is high summer water temperatures,

which make the river unsuitable for coldwater fish species. We do not include temperature

in our nonpoint source assessment because it is a major component of a Draft
Environmental Impact Statement that is currently being prepared for the Truckee River to

evaluate different reservoir operation scenarios for the system. Further, high water

temperature is largely a function of water supply and not nonpoint source inputs to the

lower river.

The degradation of water quality along the lower Truckee River can be attributed to
several factors including low flows, irrigation return flows, and groundwater accrual.

Brock (1991) surveyed nutrient loading to the lower Truckee River during September 1989
and concluded that both irrigation returns and groundwater inflow contribute to total

nutrient loads. Groundwater inflow to the lower river is an especially important
determinant of water quality during periods of low flow (<30 cfs) when it can contribute
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the majority of total flow (Bratberg et al. 1982; Nowlin 1987). Further, several authors
have identified groundwater inputs between Wadsworth and Nixon to be responsible" for
the large increase in TDS commonly observed in that stretch of the lower river (e.g. Brown
et al. 1986).

The characteristics of water inputs to the river vary greatly among different
stretches of the lower Truckee River. Bratberg et al. (1982) identified two regions of the
river that experience a rapid increase in TDS concentration. These are downstream of
Wadsworth where groundwater from Femley enters the river and along the northern
portion of Dead Ox Meadows. For the changes observed in those two regions, the authors
identified distinctly different groundwater composition. Near Wadsworth, the average
composition of groundwater inflow, based on observed changes in river flow and
composition, was determined to be a mixture of sodium, calcium, sulfate, and chloride.
The mixture of salts in groundwater near Wadsworth was contrasted by the input of
predominantly sodium and chloride along Dead Ox Meadows. These changes in the
observed composition of Truckee River waters were supported by analysis of the
groundwater in each of the two regions.

Thus, nonpoint source (NFS) inputs to the lower river are important factors
affecting water quality. Indeed, much of the degradation in water quality along the river is
linked to nonpoint source inputs. The recommendations from previous studies of the lower
river clearly indicate the perceived importance of NFS inputs and have focused primarily
on two areas: better data to quantify inputs and the need for NFS abatement measures.
Brock (1991) suggested that nutrient loadings to the lower river cannot be properly
evaluated until monitoring programs produce credible data on the quality and quantity of
irrigation return flows and groundwater inflows. The recommendations from the current
Regional Water Supply and Quality Study (RWSQS) being conducted by Kennedy/Jenks
and CH2M Hill for Washoe County go beyond those of Brock (1991). In the RWSQS, the
consultants recommend that NFS abatement measures for TDS and phosphorus should be
implemented before any additional controls are placed on permitted dischargers to the
river.

The focus of this chapter is to evaluate water quality trends along the lower
Truckee River. In subsequent chapters, we will link the observed patterns in water quality
presented here to activities within the floodplain of the river and upstream of the
reservation. We begin our evaluation with data collected during 1985-1993 as part of the
ongoing monitoring program of the Truckee Meadows Wastewater Treatment Facility. The
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1985-1993 data are presented to provide general patterns of water quality along the lower
Truckee River for comparison with field surveys of the river conducted in 1993 and 1994
as part of this assessment project. The most comprehensive, data set available for the

lower Truckee River on the reservation is from May-July 1994. During that period, we

conducted eight sampling surveys of the lower Truckee River between Wadsworth and

Marble Bluff Dam at various river discharge stages (30 to >1QOO cfs). Our assessment of
regions of water quality change along the lower river will focus primarily on the 1994

data set.

5.2 General Water Quality Trends

The Truckee Meadows Water Reclamation Facility (TMWRF) has conducted a

monitoring program on the Truckee River since 1985. Initially, the monitoring

requirement for the plant, formerly Reno-Sparks Wastewater Treatment Facility, was
established by a court decree, but it has subsequently been incorporated into the plant's

discharge permit. The sampling program consists of a monthly survey of the water quality

of the Truckee River downstream of Reno, with the timing of sample collection at different

locations determined according to river flow. Using a time of travel model developed by

the U.S. Geological Survey (Nowlin 1987), stations are sampled successively downstream

of the plant's discharge following the same parcel of water. For the lower Truckee River

on the reservation, the monitoring program presently includes the collection of water

samples near the bridges crossing the river at Wadsworth and Nixon. A third location,
Marble Bluff Dam, was originally included in the monitoring program, but it was

discontinued in 1992. Data from all three locations are utilized here to describe the

general patterns of water quality along the lower Truckee River.

The monitoring program of TMWRF includes the measurement of many water

quality parameters to assess the health of the river. This includes river temperature,

dissolved oxygen, and a multitude of nutrient fractions. Here, we evaluate only a portion

of the data produced by the plant's monitoring program and focus on conductivity, the
dissolved nitrogen fractions, and phosphate. Further, we utilize data produced by TMWRF

to examine the long-term and seasonal patterns of conductivity and nutrients in the river

and how they are affected by river flow. The objective of this section is to describe the

general patterns in the data as background for more detailed discussions of TDS and
nutrient loading to the river presented later in the chapter.
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General Patterns

The composition of Truckee River water undergoes substantial changes on the
reservation downstream of Wadsworth. Table 5.1 lists summary statistics for conductivity,
phosphate, and three dissolved nitrogen fractions at Wadsworth, Nixon, and Marble Bluff
Dam. Consistent with numerous previous studies, the monitoring data from TMWRF
shows a large increase (136%) in average conductivity between Wadsworth and Nixon that
is highly significant (P<0.001, Student's t test), in contrast, average nutrient concentrations
decrease along the same stretch of the river. For phosphate, nitrate, and ammonium,
average concentrations significantly (P<0.05) decrease by 22-53% between Wadsworth and
Nixon. It is interesting that for the three dissolved inorganic nutrient fractions average
concentrations actually increase again between Nixon and Marble Bluff Dam. For organic
nitrogen, mean concentrations show a pattern of decreasing organic nitrogen along both
stretches of the river between Wadsworth and Marble Bluff Dam.

An examination of conductivity and nutrient data at Wadsworth and Nixon during
1985-1993 reveals substantial variations over time (Fig. 5.1). For clarity of presentation,
we have excluded data from Marble Bluff Dam from the plots. Generally, concentrations
at Marble Bluff Dam are similar to those at Nixon (see below). The only constituent
showing a relatively consistent pattern for the entire time period (i.e. 1985-1993) is
conductivity, with much higher values at Nixon. For the dissolved inorganic nitrogen
fractions (ammonium and nitrate), concentrations were typically higher during 1985-4988
compared with extremely low values during the 1988-1993 drought period. This large
reduction in ammonium and nitrate concentration during the drought period is especially
noticeable for data reported for Nixon. It is noteworthy that another factor that may have
affected nitrogen concentrations is the installation of nitrogen removal at TMWRF in the
late 1980's (fully operational by 1989). However, years with moderate to high river flow
are needed to adequately assess the impact of nitrogen removal at the plant on Truckee
River water quality.

Phosphate and organic nitrogen concentrations at Wadsworth and Nixon may also
have been affected by drought conditions (Fig. 5.1). For those two fractions,
concentrations appear to be lower and less variable during 1988-1993. This suggests that
inputs of phosphate and organic nitrogen to the river may be more efficiently removed
during low flow periods (see below). However, changes in the organic nitrogen
concentration between the three sampling locations were highly variable for all flow
regimes and throughout the year minimizing meaningful interpretations from the plant's
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Table 5.i. Summary of Truckee River water quality for 1985-1993. Mean, standard
deviation (s.d.), and total number of data points are listed for conductivity (Cond,
umhos/cm), phosphate (PO4), ammonium (NH4), nitrate (NO3+NO^), and organic
nitrogen (Org-N). Nutrient values are in mg/L.

Location Cond PQ4 NH4 NQ3+NQ2 Qrg-N

Wadsworth

mean 309 0.027 0.105 0.288 0.44
s.d. 113 0.020 0.173 0.379 0.24
number 93 95 95 95 88

Nixon

mean 730 0.021 0.061 0.134 0.41
s.d. 330 0.014 0.116 0.237 0.22
number 93 95 94 94 86

Marble Bluff Dam

mean 724 0.026 0.069 0.138 0.38
s.d. 320 0.015 0.114 0.254 0.15
number 82 82 80 80 65
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Figure 5.1. Conductivity (pmhos/cm) and nutrient concentrations of Truckee River waters
during 1985-1993. Data are from the monitoring program conducted by the Truckee
Meadows Water Reclamation Facility.
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data. One major limitation in assessing trends in organic nitrogen based on data reported

by the plant is the high limit of detection (0.1 mg/L) for Kjeldahl nitrogen analyses.
Substantial improvement in the organic nitrogen analysis at TMWRF needs to be made
before meaningful data are reported.

The focus of this section is to provide both descriptions of conductivity and nutrient

distributions in the Truckee River (e.g. Fig. 5; 1) and how they change along the lower

portion of the river. To evaluate changes in the composition of river waters downstream

of Wadsworth, we have calculated the differences for ail monthly surveys between: (1)

Wadsworth and Nixon and (2) Nixon and Marble Bluff Dam. Differences between the
three sampling locations were calculated for conductivity, the three dissolved nitrogen

fractions, and phosphate. Data are manipulated in this fashion so that changes in the five
constituents of interest can be compared with time, month of the year, and river flow. The

results of these comparisons are described below for each constituent.

Conductivity

Figure -5.2 plots the change in conductivity on the reservation above and below
Nixon by year, month, and river flow (Nixon gage) at the time of sampling. The
conductivity of river water often increased by >500 umhos/cm between Wadsworth and

Nixon, with typical A values of 300-900. In the context of the present discussion, the

symbol Avalue will be used to indicate the change in a constituent between different

locations. Observed changes in conductivity downstream of Nixon were typically much

lower than for Wadsworth-Nixon, but Avalues were as high as 100-200 umhos/cm on

several occasions.

Averaging Avalues by month of year revealed some seasonal variations in both

stretches of the river (Fig. 5.2). In the seasonal comparisons, all Avalues for the 1985-

1993 period from a given month were averaged to provide 12 monthly values at each

location. The error bars in the plot indicate the standard error for the mean value shown.
Upstream of Nixon, Avalues were typically large throughout the year, except in the spring

concurrent with annual snowmelt (see below). A different pattern was observed

downstream of Nixon. The change in conductivity between Nixon and Marble Bluff Dam

was generally small <25 pmhos/cm, except during June-October. Because summer months
are characterized by low flow and high usage of available water for irrigation of alfalfa

crops, the pattern downstream of Nixon suggests agricultural activities may be a major
factor in that stretch of the river (see chapter 6).
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Figure 5.2. Change (Avalue) in the conductivity (umhos/cm) of Truckee River waters
between (•) Wadsworth and Nixon and (o) Nixon and Marble Bluff Dam. Values are
derived from monitoring data reported by Truckee Meadows Water Reclamation Facility.
Flow values are for Nixon (USGS, Carson City, Nevada). Error bars in the middle panel
denote the standard error of the mean. Positive values denote an increase in concentration.
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A comparison of changes in.the conductivity of river waters with flow rate supports
the seasonal interpretations presented in the preceding paragraph. When river flow was
>500 cfs, Avalues for conductivity upstream and downstream of Nixon were low (Fig. 5.2).
Indeed, the change in conductivity downstream of Nixon was very low except at flows <50
cfs. Seasonal changes in river flow at Nixon can explain the monthly variations in A value
for Wadsworth to Nixon shown in the middle panel of the figure. Typically, peak flows at
Nixon are recorded in April-June of each year (e.g. Galat 1990; Lebo et'al. 1992b), which
is true for all years during 1985-1993 except in 1986 when it occurred in March due to a
prolonged winter rain event. The observed decrease in average Avalue during spring
months, thus, is mainly a function of higher flow during that period. For the stretch of the
river downstream of Nixon, variations in flow only explain part of the seasonal Avalue
pattern. Relatively large changes in conductivity (>100 umhos/cm) between Nixon and
Marble Bluff Dam were restricted to low flow conditions, but numerous surveys reported
essentially no change in conductivity downstream of Nixon on dates when flow was <5Q
cfs. This suggests that the pattern observed downstream of Nixon is not simply a function
of river flow.

Dissolved Nitrogen

The dissolved inorganic nitrogen (DIN) fractions (ammonium and nitrate) showed a
large removal upstream of Nixon (Figs. 5.3-4). For river surveys before nitrogen removal
was implemented at the Truckee Meadows Water Reclamation Facility (1989), A values
were often >0.1 mg/L for both nitrate and ammonium. After nitrogen removal was
implemented (also during drought conditions), the removal of the DIN fractions was
greatly reduced, reflecting much lower nitrogen concentrations in river waters (e.g. Fig.
5.1). Thus, the stretch of the river between Wadsworth and Nixon can be characterized as
a region in which upstream DIN loading is removed. Downstream of Nixon, A values are
typically low reflecting the effective stripping of DIN from river waters between
Wadsworth and Nixon. An evaluation of A values for organic nitrogen during 1985-1993
revealed a pattern of random variation above and below a value of zero, indicating
variations were probably analytical (see above).

Seasonally, nitrate and ammonium removal upstream of Nixon showed different
patterns (Figs. 5.3-4). Nitrate removal was greatest during fall months compared with fall
through spring removal for the ammonium fraction. It is noteworthy that the extremely
high average nitrate removal values (Avalue > 0.2 mg/L) for September and October are
due to extremely high nitrate concentrations at Wadsworth during fall of years prior to
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Figure 5.3. Change (Avalue) in the nitrate concentration of Truckee River waters between
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from monitoring data reported by Truckee Meadows Water Reclamation Facility. Flow
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the standard error of the mean. Negative values denote a decrease in concentration.
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nitrogen removal at the TMWRF plant. In contrast, the pattern for ammonium probably
reflects seasonal variations in the microbiological activity within the river. The low
ammonium removal values (Avalue <0.02 mg/L) during summer are due to low ammonium
concentrations throughout the river at that time of year. Two factors probably contribute
to the observed pattern: (1) high water temperatures increase the nitrification rate
(conversion of ammonium to nitrate) and (2) low flow conditions increase the time it takes
for water to travel from points of upstream nitrogen inputs to Wadsworth.

Variations in the removal rate of ammonium and nitrate downstream of Wadsworth
are poorly correlated with river flow. At high flow (>1000 cfs), A values for nitrate and
ammonium were low reflecting the short time of travel (<2 days) and cooler spring
temperatures. For low to moderate flow in the river (<1QOQ cfs), the removal of nitrate
and ammonium both upstream and downstream of Nixon appeared to be unrelated to flow.
This was especially true for ammonium with Avalues of 0 to -0.2 mg/L for river flow
ranging <30 to 1000 cfs.

Phosphate

A comparison of phosphate concentrations at the three locations along the Truekee
River for the 1985-1993 period reveals a pattern of removal upstream of Nixon and
increasing concentration between Nixon and Marble Bluff Dam (Fig. 5.5). This general
pattern is clearly evident in the average monthly values presented in the middle panel of
the figure. Upstream of Nixon, average Avalues for phosphate indicate the removal of
>0.006 mg/L throughout much of the year while a release of similar magnitude occurred
during summer months in the lower stretch of the river. It is interesting that the pattern
for phosphate Avalue downstream from Nixon is identical to the one described above for
conductivity. This suggests that the input of phosphate and conductivity between Nixon
and Marble Bluff Dam may be from the same source. A comparison of Avalues with river
flow indicates that the largest changes occur at low flow.

5.3 1993 Field Studies

The previous section described some of the basic trends in the water quality of the
lower Truekee River on the reservation. Here, we build upon that foundation to examine
seasonal variations in nutrients and total suspended sediments (TSS) based on samples
collected during January-September 1993. Data used to examine seasonal trends in those
constituents will be restricted to samples collected at Nixon. In the final section of this
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Figure 5.5. Change (Avalue) in the phosphate concentration of Truckee River waters
between (•) Wadsworth and Nixon and (o) Nixon and Marble Bluff Dam. Values are
derived from monitoring data reported by Truckee Meadows Water Reclamation Facility.
Flow values are for Nixon (USGS, Carson City, Nevada). Error bars in the middle panel
denote the standard error of the mean. Negative values denote a decrease in concentration.

CH-05.NPS 97 October 17, 1994



Truekee River Quality DRAFT

chapter, we examine spatial trends more closely with data collected during the 1994 field
season. Water quality data for the Truekee River at Nixon are available from the monthly
monitoring programs of TMWRF and the Desert Research Institute (DRI). In addition,
personnel from U.C. Davis and Pyramid Lake Fisheries collected samples during 1993 at
approximately weekly intervals (April-July).

Flow Description

Variations in Truekee River flow during 1993 were dominated by snowmelt and the
release of water from reservoirs to support a spawning run of cui-ui from Pyramid Lake.
Figure 5.6 shows river discharge at Nixon reported by the U.S. Geological Survey (Carson
City, Nevada) for January 1 through August 31. Values shown on the figure are 3-day
moving averages to reduce daily fluctuations in river flow. Overall, flow was extremely
low (<30 cfs) until March when it increased to >200 cfs, and it remained elevated through
the end of June. Initially, flow increased rapidly to almost 1000 cfs for a brief period
beginning in the middle of March during snowmelt at lower elevations surrounding
Pyramid Lake (Lebo et al. 1993c). After that peak, flow increased gradually by
approximately 200 cfs per week during the month of April to provide an inflow to Pyramid
Lake of 1000 cfs during May and June. The peak flow during 1993 was >1800 cfs for a
week in late May, with flow increased to that level to provide access to the Truekee River
from Pyramid Lake for cui-ui to facilitate the annual spawning run. After the cui-ui run
was complete (end of June), river flow was decreased at approximately 100 cfs/day to a
background level of <250 cfs. Flow generally decreased during July and August to
approximately 50 cfs by September.

Suspended Sediment

The suspended sediment (TSS) concentration of river waters at Nixon generally
reflected variations in river flow (Fig. 5.6). Prior to increased river flow during April-June
1993, TSS at Nixon was generally low at 4-7 mg/L for the three samplings during
February. As river flow increased during the spring period, there was a general increase in
the TSS concentration of river waters. However, the correspondence between increased
TSS and changes in river flow appeared to be delayed. That pattern is clearly evident
during April. For that period, TSS increased following the relative peak in river flow
during March and then decreased again in late April as river inflow was increasing. It is
possible that some of this apparent contradiction between the timing of changes in river
TSS and variations in flow is due to infrequent TSS measurements. However, infrequent
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Figure 5.6. Total suspended sediment (•) and river flow (-) at Nixon during January 1
through August 31, 1993. Flow values are three-point moving averages of daily discharge
reported by the U.S. Geological Survey (Carson City, Nevada). TSS data are from the
Desert Research Institute and U.C. Davis.
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sampling cannot explain the decrease in river TSS during April when river flow was
increasing. The seasonal maximum in TSS (>1QO mg/L) did coincide with maximum river
flow supporting a general correspondence between flow and TSS concentration at Nixon.

Nutrients

Seasonal variations in total nitrogen and phosphorus at Nixon reflected variations in
river flow. For organic nitrogen (Kjeldahl analysis) which is the dominant nitrogen
fraction in the river, the concentration was relatively constant at 0.26-0.35 mg/L during
low flow periods and then increased to a maximum value of >0.7 mg/L in late May. It is
noteworthy that the correspondence between organic nitrogen and flow is due to increased
TSS during high flow periods (e.g. Fig. 5.6). An increase in river TSS also increases
organic nitrogen due to a larger contribution of particle-bound organic nitrogen phases to
total nitrogen. A similar pattern was also observed for total phosphorus. As TSS
increased during April, TP also increased reflecting an increase in particle-bound
phosphorus. The maximum TP concentration reported for the entire period (0.237 mg/L)
occurred in May following peak flow (data from peak flow period was lost).

The nitrate concentration in Truckee River waters at Nixon also demonstrated an
increase during peak spring flows. Although the magnitude of the reported increase varied
between different monitoring programs, data reported by TMWRF, DRI, and U.C. Davis
all indicate an increase in nitrate concentration at Nixon during March-June 1993.
Generally, the values reported by TMWRF and DRI were higher than the concentrations
measured by U.C. Davis in samples collected on similar dates. All three monitoring
programs reported low concentrations (<0.02 mg/L) in the Truckee River prior to increased
flow in March and after flow returned to low levels in July. A seasonal increase in the
nitrate concentration of Truckee River waters at Nixon coinciding with maximum flows
can probably be attributed to the shorter time of travel for water in the river at flows of
>500 cfs. Reduced periphyton biomass attached to rocks in the river after prolonged low
flow conditions the previous fall-winter may also contribute to the observed pattern.

Contrasting other nutrients, the seasonal pattern for phosphate concentrations in
Truckee River shows a continual increase between January and August 1993 (Fig. 5.7).
Under low flow winter conditions in January-February (<30 cfs), phosphate concentration
at Nixon was low at 0.01510.003 mg/L (meanlSE). As with the other nutrient fractions,
phosphate concentration at Nixon increased in March-April to 0.027±0.004 mg/L with the
onset of the seasonal increase in river flow. However, phosphate concentration continued
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Figure 5.7. Phosphate concentration at Nixon between January and August 1993. Values
are bimonthly means based on all phosphate data (5-12 points) reported by TMWRF, DRI,
and U.C. Davis for the two month period (e.g. J-F is January-February). Error bars denote
the standard error of mean values.
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to increase during May-June when other nutrient fractions were decreasing. The maximum

bimonthly average phosphate concentration for the eight month period was 0.057±0.004
mg/L in July-August after flow had decreased to <250 cfs. In the previous section, we
noted that phosphate concentration in .the lower Truckee River appeared to increase during

the irrigation season. The continual increase in phosphate concentration at Nixon during

April-August 1993 is consistent with that interpretation. More discussion of variations in
phosphate downstream of Nixon associated with irrigation is provided later in this report.

5.4 Water Quality Surveys during 1994

The monitoring programs on the Truckee River provide a substantial amount of

water quality data to assess general trends in nutrients and dissolved salts (i.e. IDS). We

utilized that data base earlier in this chapter to describe trends in the water quality of the

Truckee River over the past decade. However, the spatial (2 or 3 locations) and temporal

(monthly samplings) scales of the monitoring programs for the portion of the river on the

reservation constrain interpretations concerning regions affecting water quality. During the

spring-summer 1994, we conducted an extensive sampling program of the Truckee River to

better identify the stretches of the river in which changes occur. The sampling design of

the program involved sampling at 11 locations at approximately weekly intervals over a
ten week period. The timing of surveys were selected to include at least two sampling

transects of the river at high, moderate, and low flow (see below). Further, the sampling

period coincided with the irrigation season along the Truckee River to provide an

assessment of how groundwater return flows to the river are affected by irrigation

practices.

Sampling Design

Variations in Truckee River flow during spring-summer 1994 are shown in Figure

5.8. Flow in the Truckee River was extremely low (<35 cfs) until mid-March when it was

increased to attract cui-ui to the south end of Pyramid Lake for the annual spawning run.

Beginning in April, flow was gradually increased by approximately 200 cfs per week to

provide access to the river for cui-ui and maintain suitable temperatures for spawning.

Flow was >1000 cfs during the month of May to facilitate the cui-ui spawning run and

then decreased in June after the larvae had returned to the lake. The timing of the surveys
of Truckee River water quality were selected to include periods of high (>1000 cfs),

moderate (300-600 cfs), and low (<50 cfs) flow. Indeed, the sampling dates during spring-

summer 1994 are indicated in the figure by solid diamonds. Later in this section, we will
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Figure 5.8. Truckee River discharge at Nixon during March 1 to July 31, 1994. Values are
three-point moving averages of provisional daily discharge data reported by the U.S.
Geological Survey (Carson City, Nevada). Symbols on the plot indicate sample collection
dates for transects of the Truckee River presented in this section.
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compare changes in the composition of Truckee River water quality at the three flow

regimes. In those comparisons, transects 1-2, 3-4, and 6-8 are used to evaluate high,
moderate, and low flow conditions. Transect 5 (June 20) was conducted when river flow'

at the Nixon gage was 101 cfs, which is intermediate between the low and moderate flow

conditions listed above. When all data for the surveys are used, data from transect 5 are

included with transects 6-8.

Sampling locations were spaced at approximately two mile increments from the SR

427 bridge in Wadsworth to Marble Bluff Dam (Table 5.2). During high and moderate

flow, conditions, water samples were collected from the main channel of the river with a
1-liter bucket attached to the end of a 10-foot pole. At lower flows, samples were

collected with the 1-liter bucket along a transect across the stream channel. For both

sampling protocols 6-8 dips of the 1-liter bucket were taken and combined in a clean 5-

gallon bucket, and acid-washed bottles were filled with the composite sample in the field
and later processed at the Pyramid Lake Fisheries Resource Laboratory in Sutcliffe (within

12 hours). The exact location of sample collection at several of the sites varied with the

discharge stage of the river (see Fig. 5.9). In addition to the river samples, groundwater

samples were also collected on June 28 from the intake to Numana Hatchery (near Dead

Ox Wash) and the public well at Nixon (downstream of the SR 447 bridge). A field

duplicate (duplicate of sampling procedure) and a field split (two bottles from same

composite sample) were collected on each sampling trip to assess variability in measured

values due to sample collection and handling.

River water samples were stored on ice after collection until being processed at the

Resource Laboratory later the same day. The conductivity of unfiltered samples was

measured with a YSI Model 35 conductivity meter, with values corrected to 25°C. Total
suspended sediment (TSS) was measured by filtering a known volume of water through a

preweighed Whatman GF/F glass fiber filter, drying at 60°C for several days, and

reweighing the filters. The organic content of TSS was estimated by taking the dry filters

from the TSS analysis, heating them at 450-500°C for two hours, and reweighing them.
The loss in weight due to the heating step approximates the organic content of the sample.

Nutrient concentrations, with the exception of total phosphorus, were measured in 0.45 um

filtrate (see Table 2.6). For transects 2, 3, and 6, the ionic composition of river waters was

also measured. Cations (sodium, calcium, magnesium, and potassium) were analyzed by
the Division of Agriculture and Natural Resources Analytical (DANR) Laboratory at U.C.

Davis while anions (chloride, sulfate, and bicarbonate-carbonate) were analyzed by the

Nevada State Health Laboratory (Reno, Nevada).
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Table 5.2. Locations for stations sampled along the Truckee River during May-July 1994.
Sampling dates were May 18, May 31, June 6, June 13, June 20, June 28, July 11, and
July 25. Additional samples were collected upstream from the SR 447 bridge in Nixon
every 3-4 days (station 5). Approximate river miles were estimated from U.S. Geological
Survey Maps (1:24,000). Values are given downstream of Lake Tahoe. Station 2 was taken
from the Nixon diversion on June 28, July 11, and July 25 due to the complete diversion
of river flow to Indian Ditch.

Identifier Location Description

Wl 93.0 Near SR 427 bridge in Wadsworth; Upstream of Herman
Ditch Outfall

W2

W3

SS

NU

DO

2

3

5

5A

6

94.8

95.7

98.7

100.9

103.6

108.3

110.8

113.0

115.3

116.4

Downstream of Wadsworth (Abandoned House)

Fred John's Property

Upstream of S bar S Ranch

River Crossing upstream of Numana Hatchery

Dead Ox Wash at the head of Truckee Canyon (near power
lines)

Numana Dam Overflow or Nixon Diversion

East Nixon Siphon

Near SR 447 bridge in Nixon. Sample from upstream of the
bridge in a riffle area.

Upstream of Marble Bluff Dam

Marble Bluff Dam (above or below the structure depending
on flow conditions and detachment of decaying algae from
the dam.

Note - Exact location of sample collection at several locations varied with the
discharge stage of the Truckee River (see Fig. 5.9).
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Figure 5.9. West fork of Truckee River at river crossing station (NU) upstream of Numana
Hatchery on (top) May 5 (1020 cfs) and (bottom) June 28 (dry channel at flow of 24 cfs).
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Seasonal Variations

We begin our evaluation of data collected for the Truckee River during 1994 by
examining seasonal trends at Wadsworth and Nixon. In previous sections of this chapter,
the water quality descriptions of the river presented have been primarily based on data
from those two locations. The purpose of revisiting seasonal patterns here is to determine
how representative data collected in May-July 1994 are of other years. This comparison is
essential to define how far conclusions based on the intensive sampling of the lower
Truckee River in 1994 can be generalized to other years. Consistent seasonal patterns
among years indicates that more detailed trends may also be applicable.

The conductivity of Truckee River waters at Wadsworth and Nixon increased
during the sampling period as river flow decreased (Fig. 5.10). For samplings during high
flow (>1QOO cfs, transects 1-2), the conductivity at both locations was approximately 117-
152 pmhos/cm, with values 11-23% higher at Nixon. Similar values at Nixon and
Wadsworth during high flow are contrasted by large differences at low flow. Although
conductivity at both sites increased as flow decreased (transects 3-6, Fig. 5.8), the change
was more dramatic at Nixon. Indeed, the change in conductivity between the two sites for
the low flow transects averaged 377 umhos/cm. Comparing the mean increase between the
two sites for July 1994 (Fig. 5.10) with the same month during 1985-1993 (see Fig. 5.2)
reveals that the change during 1994 was actually lower (20%) than the average value for
previous years. Thus, the spatial patterns in conductivity along the Truckee River are
actually a conservative estimate of typical conditions.

Variations in the sediment load (TSS) at Nixon and Wadsworth showed a rapid
decrease in concentration during the sampling period (Fig. 5.10). As river flow at Nixon
decreased from 1070 to 101 cfs (transects 2-5, Fig. 5.8), TSS at both locations decreased
from 30-40 mg/L to <5 mg/L and remained at the low values throughout July. It is
interesting that TSS concentrations were higher for transects 1 and 3 at Nixon than for the
Wadsworth station. This suggests that bank erosion at moderate to high flows may
increase the river sediment load downstream of Wadsworth (see spatial subsection). For
the organic content of TSS, values were similar between the two locations for the first four
transects, with slightly lower values at Nixon supporting the possible erosion of inorganic
material between the two sites. Under low flow conditions, the organic content of panicles
increased to 30-50% at Nixon compared with 20-35% at Wadsworth. Overall, the seasonal
pattern for TSS and the values observed for May-July 1994 are similar to data available
for 1993 (Fig. 5.6).
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Figure 5.10. Conductivity (umhos/cm), total suspended sediment (TSS), and the organic
content of TSS at Nixon and Wadsworth during 1994. Data shown are for stations Wl in
Wadsworth and 5 in Nixon. The x-axis is an approximate representation of time between
May 18 and July 25, 1994. ' .

CH-05.NPS 108 October 17, 1994



Truckee River Quality DRAFT

Dissolved inorganic nitrogen fractions (ammonium and nitrate) showed general
decreases in concentrations as river flow decreased (transects 1-5, Fig. 5.11). This trend of
decreasing concentration as river flow decreased is especially apparent for nitrate with
values of 0.05 to 0.12 mg/L at flows >1000 cfs. It is noteworthy that the nitrate
concentrations at the two locations were nearly identical on all eight transect dates, which
contrasts with previous years (see Fig. 5.3). This may be a result of lower nitrate
concentrations at Wadsworth since nitrogen removal was implemented at TMWRF in 1989.
In addition, nitrate and ammonium data demonstrated large variations between sampling
dates of similar river flow indicating substantial short-term variability in nitrogen
availability along the river. High variability was especially apparent at Nixon where
samples were collected every 3-4 days during the 10 week sampling period. During the
low flow period, both nitrate and ammonium concentrations at Nixon increased for brief
periods.

The dissolved organic nitrogen (DON) fraction of total nitrogen demonstrated a
seasonal increase in concentration during the sampling period (Fig. 5.11). Overall, DON
contributed the vast majority (87%) of dissolved nitrogen at both sites, with higher
concentrations at Wadsworth compared to values at Nixon. Higher DON concentration at
Wadsworth is consistent with the general spatial trend observed for 1985-1993 (Table 5.1).
The seasonal increase in DON at Wadsworth, which is reflected to a lesser extent at
Nixon, indicates that upstream sources are an important factor determining DON
concentration along the lower river. However, the correspondence between the DON and
ammonium peaks at Nixon during mid-July (Fig. 5.11) suggests that sources between the
two sites may also be important.

Phosphorus concentrations were typically higher at Nixon compared with
Wadsworth (Fig. 5.12). Seasonally, total phosphorus (TP) and phosphate showed
contrasting patterns. TP concentrations at the two sites decreased over the first five
transects as river flow decreased (and TSS, Fig. 5.10). Higher TP at Nixon relative to
Wadsworth during the period of decreasing river flow can be attributed to the higher TSS
concentrations at Nixon for those samplings. In contrast to TP, phosphate concentrations
actually increased as flow decreased. However, the seasonal pattern at Nixon was not as
simple as the one observed in 1993 (e.g. Fig. 5.7); phosphate increased at Nixon to a
maximum of 0.055 mg/L on July 5 before decreasing to concentrations <0.025 during July
11-25 (Fig. 5.12). Indeed, variations in phosphate concentrations along the river can
explain the shift to higher TP in the river at Wadsworth during mid-July. The removal of
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Figure 5.11. Dissolved organic nitrogen (DON), ammonium (NH4), and nitrate (NO3)
concentrations at Nixon and Wadsworth during 1994. Data shown are for stations Wl in
Wadsworth and 5 in Nixon. The x-axis is an approximate representation of time between
May 18 and July 25, 1994.
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Figure 5.12. Total phosphorus (TP) and phosphate (DRP) concentrations at Nixon and
Wadsworth during 1994. Data shown are for stations Wl in Wadsworth and 5 in Nixon.
The x-axis is an approximate representation of time between May 18 and July 25, 1994.
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phosphate between Wadsworth and Nixon is actually more typical of variation in Truckee
River water quality over the past decade (see Fig. 5.5).

Mean Values by Flow Regime

The seasonal analysis of data at Nixon and Wadsworth indicates that variations in
several of the constituents measured were related to river flow. We evaluated the
dependence of variations in the data set by grouping all data collected into three flow
regimes: high (>1000 cfs), moderate (200-800 cfs), and low (< 120 cfs) flow. Later in this
section, changes in constituent concentrations along the river are also evaluated using river
flow to group river samplings. Table 5.3 shows mean values of constituents for the three
flow regimes. All constituents displayed variations related to the flow regime, although
variation may not always be directly related to flow.

Dissolved salts in river waters all increased dramatically as flow decreased from
high flows (>1000 cfs) in May to extremely low flow (<30 cfs) throughout July (Table
5.3)-. The average conductivity of river waters and sodium, potassium, calcium,
magnesium, chloride, sulfate, and alkalinity concentrations all significantly (P«0.01)
increased for comparisons of the three flow regimes. Figure 5.13 displays the changes in
those constituents graphically by dividing the mean values for moderate and low flow
periods by the mean value under high flow. A ratio value of 1.0 indicates that there is no
change in concentration with decreasing river flow. Values greater than one indicate an
increase in concentration while those less than one denote a decrease at lower flows. For
conductivity and the major ions listed above, ratio values are all greater than one indicating
that concentrations increased at low flows. The increases were particularly large for the
comparison of low and high flow conditions; the average ratio value for the seven major
ions and conductivity was 5.7 with a maximum value of 10.8 for chloride.

For nutrient concentrations, both increases and decreases were observed for
decreased river flow (Table 5.3). Dissolved inorganic nitrogen (DIN, ammonium and
nitrate) decreased significantly (P«0.01) as flow decreased with ratio values <0.5 for
comparisons of both moderate and low flow to the high flow mean values (Fig. 5.13). In
contrast, dissolved organic nitrogen (DON) increased by 16% and 35% under moderate and
low flows, respectively, compared with high flow mean values. Divergent patterns for
different phosphorus fractions were also observed. For total phosphorus (TP), there was a
decrease in concentration with decreasing river flow largely due to decreased suspended
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Table 5.3. Mean values of conductivity (umhos/crn), nutrient fractions (mg/L), ionic
composition (mg/L), and alkalinity (mg CaCO3/L) of Truckee River waters by flow.
Values are the mean±sd for all data during high (>1QOO cfs), moderate (200-800 cfs), and
low (<120 cfs) flow periods at all river stations. The number of data points included in the
calculation of each mean value is also listed. Values for Kjeldahl and organic nitrogen are
for the dissolved components of those fractions (e.g. dissolved organic nitrogen).

Constituent

Conductivity
TSS (mg/L)

(%0rg)
Kjeldahl N
Nitrate
Ammonium
Organic N
Total P
Phosphate
Sodium
Potassium
Calcium
Magnesium
Chloride
Sulfate
Alkalinity

High Flow

mean±sd

143±10
31.513.0
13.211.1

0.22±0.02
0.090±0.022
0.01610.005
0.21±0.02

0.137±0.013
0.028±0.003

9.4±1.0
1.710.1
9.810.7

' 3.410.2
6.711.4
8.811.6
49.611.7

n

28
28
28
28
28
28
28
25
28
11
11
11
11
11
11
11

Moderate Flow

meanisd

197133
15.416.4
15.512.0

0.2510.03
0.02110.020
0.00810.003
0.2410.03

0.09410.020
0.02910.006

12.812.6
1.810.2
12.011.2
4.410.5
9.614.4
12.812.3
57.814.0

n

28
28
28
28
28
28
28
28
28
11
11
11
11
11
11
11

Low Flow

meanisd

6671208
2.712.6
28.019.1

0.2910.07
0.01010.028
0.00810.007
0.2810.06

0.06710.017
0.03610.013
60.3122.5
7.811.8
33.615.9
15.113.1

72.2145.2
73.4121.9

134112

n

59
59
59
59
59
59
59
59
59
11
11
11
11
11
11
11
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Figure 5.13. Comparison of constituent values for different flow regimes. Bars denote the
ratio of mean values for: (solid) moderate and high flows and (open) low and high flows.
Values are determined by dividing means for moderate or low flow conditions by the high
flow mean. A value of 1.0 indicates no change in the constituent concentration between
the high flow mean and the mean for either the moderate or lower flow regime (see text).
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sediment (TSS) in the river at low flows. Contrasting the decrease in TP, there was an
increase in the phosphate component of TP partially offsetting the decrease in river TSS.

Spatial Changes

In this final portion of the section, changes in the composition of Truckee River
waters are examined on the reservation between Wadsworth and Marble Bluff Dam. Past
evaluations of the Truckee River have been based on a limited number of sampling
stations (e.g. <6 sites). We refine past observations here by separating the river on the
reservation into 10 regions or intervals based on the 11 stations sampled on eight occasions
during May-July 1994. General characteristic of the 10 regions are listed in Table 5.4. To
calculate changes in water quality in each interval, the downstream values were subtracted
from the concentrations at the upstream station. Thus, positive changes indicate increasing
concentrations while negative ones denote decreases.

The previous subsection clearly showed that river flow was an important factor
affecting the water quality of the Truckee River (e.g. Table 5.3, Fig. 5.13). To take the
discharge stage of the river into account, transect data were grouped into three flow
regimes: high (>1000 cfs), moderate (300-600 cfs), and low (<50 cfs) flow. Transects
1-2, 3-4, and 6-8 were grouped as high, moderate, and low flows, respectively. For each
flow regime, mean changes in each parameter were calculated for the 10 spatial regions
(see Table 5.4).

The largest changes in the conductivity of river waters occur under low flow
conditions, as indicated in previous studies (e.g. Bratberg et al. 1982). Figure 5.14 plots
the change in conductivity along the Truckee River under high, moderate, and low flow
conditions. The conductivity of river waters increased in three distinct regions. These are
downstream of Wadsworth (1-3), Dead Ox Meadows (5-6), and downstream of Nixon
(9-10). For those three regions, large increases in the conductivity of river waters were
observed for the three sampling dates when flow was <50 cfs. However, the conductivity
of river waters also increased under moderate and high flow conditions in those regions,
with the magnitude of the changes inversely related to river flow (i.e. smaller changes
under high flow conditions).

There was a large decrease in the conductivity of river waters downstream of
Numana Dam (interval 7) under low flow conditions (point not shown on plot). Under the
extremely low flow conditions observed during summer 1994, all the flow of the Truckee
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Table 5.4. Description of intervals along the Truckee River between
Wadsworth and Marble Bluff Dam. Distances (miles) and elevations
were estimated from 1:24,000 Quadrangle maps produced by the U.S.
Geological Survey.

Interval

1

. 2

3

4

5

6

7

8

9

10

Stations

Wl to W2

W2 to W3

W3 to SS

SS toNU

NUtoDO

DO to 2

2 to 3

3 to 5

5to5A

5A to 6

Interval
Distance

1.8

0.9

3.0

2.2

2.7

4.7

1.5

2.2

2.3

U

Gradient
(ft/mi)

1.6

1.8

0.4

0.4

0.4

36

8.0

9.5

8.3

2.7
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Figure 5.14. Spatial changes in conductivity (pmhos/cm), total suspended sediment (TSS,
mg/L), and the organic content of TSS in percent (%Qrg) along the Truckee River.
Transects were grouped by flow regime to.derive average changes under low, moderate,
and high flow conditions (see text). Plots do not include data from interval 7 under low
flow due to the diversion of all flow at Numana Dam.
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River was diverted from the river channel at Numana Dam for irrigation of croplands
surrounding Nixon. Thus, river flow downstream of the dam was derived from subsurface
irrigation return flows and groundwater accrual. A large decrease (-213 umhos/cm) in the
conductivity of river waters in that stretch of the river indicates that the source of recharge
water downstream from the dam is different from the water used for irrigation. Sources of
groundwater inflow to the river are explored more fully in the next chapter.

Changes in the total suspended sediment (TSS) concentration of Truckee River
. waters are generally largest under high flow conditions (Fig. 5.14). For moderate and high
flow transects, there were increases in the TSS concentration in regions 1, 5, and 9 of the
river. These are all regions in which the banks of the river channel are steep and being
undercut. Figure 5.15 shows examples of the steep banks found along those stretches of
the river. Clearly, river waters under the high flow conditions are in contact with the bank
material along Dead Ox Meadow (region 5) and above Marble Bluff Dam (region 9). Two
regions of decreasing TSS concentration were also observed under moderate and high flow
conditions. These are regions 3 and 6-7. The decrease for interval 3 can probably be
attributed to the decrease in the gradient of the river between W3 and SS stations (Table
5.4). For interval 6, the decrease in TSS may be due to backwater conditions behind
Numana Dam creating a depositional environment.

The main changes in the TSS concentration of river waters under low flow
conditions are in the stretches of the Truckee River upstream and downstream of Numana
Dam. Upstream of the dam (region 6), the mean increase in TSS for the three low flow
sampling dates was 10 mg/L compared with typical values of <4 mg/L for other stations.
The large increase in that region can probably be attributed to two factors: the steep
gradient of the river channel through the canyon area upstream of the dam (Table 5.4) and
the resuspension of sediment deposited under high flow conditions (Fig. 5.14). In contrast,
there was a large decrease in TSS concentration for interval 7. Decreasing TSS
concentration downstream of the dam can be attributed to complete diversion of river
waters at Numana Dam^during late June and July of 1994. Flow in the river at station 3
downstream of the dam originates as subsurface irrigation return flow or groundwater
accrual, with a low input of TSS.

The organic content of suspended sediments along the Truckee River is affected by
erosion of inorganic paniculate matter and groundwater nutrient inputs. In regions where
TSS increased, the organic content of TSS typically decreased (Fig. 5.14). This suggests
that increases in the TSS concentration are primarily due to the input of sediment particles
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Figure 5.15. Truckee River downstream of Nixon (top) and along Dead Ox Meadows
(bottom). Flow in the river (1000 cfs) in both cases is in contact with steep banks.
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low in organic matter such as erosion of bank material. Examples of decreases in the

organic content of suspended sediment associated with TSS increases are region 5 'at
moderate to high flow and region 6 during low flow. There were also increases in the

organic content of sediments in regions 1 and 8 during low flow. Figure 5.16 plots the

organic content of TSS along the Truckee River during low flow conditions. Typically,

the organic content of TSS was high downstream of Wadsworth (miles 95-96) and near

Nixon (miles 111-117).. These are both regions into which groundwater flows into the

river channel with any associated nutrients (see below).

Spatial variations in the dissolved organic nitrogen (DON) concentration along the
river were generally chaotic (Fig. 5.17). Typically, the concentration increased at one
station only to decrease again at the next station downstream. Further, DON in any region

of the river seemed to increase under one flow regime but decrease under others. This

high relative variability in the DON concentration along the river is probably analytical.

Indeed, the average relative difference, between field splits (collected from same bucket,

see sampling design) and the corresponding transect sample was 8.5% for DON which

translates to 0.02 mg/L. In fact, several of the changes indicated in Figure 5.17 are due to

a single data point, making any conclusion regarding variations along the river uncertain.

Ammonium concentrations along the Truckee River for the 1994 study period often

indicate removal (Fig. 5.17), as previously shown in this chapter. However, the changes in

ammonium concentration along the river are small (<0.012 mg/L), reflecting typically low

concentrations. The maximum concentration observed for ammonium during the eight

transects was only 0.041 mg/L at Marble Bluff Dam on July 25, 1994. Further, the

maximum ammonium concentration along the river occurred between Wadsworth and

Marble Bluff Dam on five of the eight sampling occasions. That indicates that ammonium

concentrations along the river are affected both by upstream sources and inputs on the

reservation. Data from 1994 indicate the input of ammonium to the river in region 3 under

moderate flow and regions 7 and 10 under low flow conditions. It is noteworthy that the

inputs were, rapidly removed in the region immediately downstream of the source region.

Spatial variations in nitrate concentration along the Truckee River indicate several

regions of input (Fig. 5.17). The most consistent feature for nitrate concentrations on the
reservation was input in regions 1 and 2 downstream of Wadsworth. In those regions, the
observed increase in nitrate concentration was greatest at low flow, but increases occurred

for all flow regimes. Nitrate inputs were also suggested by changes in concentration along

the river downstream of Numana Dam (regions 7-10). Figure 5.18 plots nitrate
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Figure 5.16. Organic content of suspended sediment (%) under low flow conditions. Values
are from June 28, July 11, and July 25, 1994 (transects 6-8).
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Figure 5.17. Spatial changes in dissolved organic nitrogen (DON), ammonium (NH4), and
nitrate (NO3) concentrations along the Truckee River. Values are in mg/L. For interval 7,
data are included despite the diversion of all flow at Numana Dam under low flow
conditions. See Figure 5.14 for additional information.
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Figure 5.18. Nitrate concentration along the Truckee River under low flow conditions
(<50 cfs). Values are from transects conducted on June 28, July 11, and July 25, 1994
(transects 6-8).
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concentrations along the Truckee River under low flow conditions. The input of nitrate
downstream of Wadsworth is clearly evident in all three transects. In fact, the highest
nitrate concentration measured for the eight transects conducted during May-July 1994 was

0.193 mg/L at station W3 on July 25. The rapid decrease in nitrate concentration

downstream of station W3 indicates that groundwater inputs of nitrogen are rapidly utilized

by algae in the river, especially at low flow. This suggests that the input of nutrients to

the river at low flows needs to be assessed with stations grouped closely together.

For phosphorus, variations in concentrations along the river were associated with

groundwater inflows and changes in TSS. Changes in the total phosphorus (TP)
concentration generally reflected variations in phosphate (Fig. 5.19). Examples "include

removal in regions 1-2 followed by phosphate input for interval 3. Exceptions to this

simple pattern are associated with variations in the TSS concentration of the river. For

example, TP increased in region 6 under low flow conditions (large TSS increase, Fig.
5.14) despite a large decrease in phosphate concentration (Fig. 5.19).

Variations in phosphate concentration along much of the river appear to be related
indirectly to groundwater inflows. Downstream of Wadsworth, phosphate concentration
decreased under low flow conditions in the stretch of the river where nitrate concentration

was elevated (regions 1-2, Fig. 5.18). This suggests that the biological utilization of nitrate

input to regions 1-2 caused a corresponding decrease in the phosphate concentration. A

similar decrease was also observed in region 6 under low flow where the conductivity

distribution indicated groundwater inflow. An analysis of groundwater along that stretch
of the river indicated that it was high in nitrate (1.0 mg/L) and low in phosphate (0.022

mg/L) supporting the potential enrichment of river waters in nitrate due to groundwater

inflow. The seasonal decrease in phosphate concentration at Nixon during July (Fig. 5.12)

may also be a result of nitrate inputs to the river in regions 7-8. These examples indicate
that decreases in phosphate concentration along the Truckee River upstream of Nixon may

be a good indicator of the input of nitrate or ammonium through groundwater.

The removal of phosphate along several stretches of the river presumably due to

biological utilization of nitrogen inputs is contrasted by a continuous input of phosphate

downstream of Nixon (Fig. 5.19). For regions 9-10, phosphate increases were observed

under all three flow regimes, with the magnitude increasing as flow decreased. This
pattern of increasing phosphate concentration downstream of Nixon suggests a continuous

source of phosphate to that region. An examination of groundwater along that stretch of

the river indicates that groundwater inflow could produce the observed pattern. Analysis
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Figure 5.19. Spatial changes in total phosphorus (TP) and phosphate (DRP) concentrations
(mg/L) along the Truckee River. For interval 7, values are included for the low flow period
despite the diversion of all water from the river at Numana Dam. see Figure 5.14 for
additional information.
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of the public well for Nixon (located just downstream of station 5) revealed a high (0.164

mg/L) phosphate concentration. Thus, groundwater inflow to regions 9-10 increases the

phosphate concentration even with a partial utilization of phosphate to consume the

corresponding input of nitrate (0.64 mg/L).
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.CHAPTER 6

GROUNDWATER AND IRRIGATION INFLOWS

6.0 Chapter Summary

Several studies of the hydrology and water quality of the lower Truckee River have
been made over the past 20 years, including three surveys of groundwater inflows.
Bratberg et al. (1982) provide a comprehensive description of groundwater inflow systems

to the lower river upstream of Nixon. The authors identify three main flow systems which

are: (1) Irrigation return flow from Fernley (east); (2) Inflow from the Tracey segment of
the river (upstream); and (3) snowmelt recharge from the Pah Rah Mountain Range along

Dodge Flat (west). The largest source of groundwater to the river indicated by all three

surveys is inflow through the Fernley flow system downstream of Wadsworth. Overall,

total groundwater inflow from the three previous studies ranges from 12 cfs in September

1989 to a maximum value of 26 during September 1971.

Spatial variations in the major ion composition (dissolved salts) of Truckee River

waters indicate that the composition of groundwater inflows is highly variable. For three

transects of the river during 1994, variations in the composition of river waters indicate
five distinct sources of inflow. Our surveys indicate three sources of groundwater to the

Truckee River near Wadsworth (regions 1, 2, and 3), inflow downstream of Dead Ox

Meadows; and downstream of Nixon. For each region, changes in the concentrations of

major ions in the Truckee River indicated groundwater inflow with a distinct composition.
For example, groundwater inflow just downstream of Wadsworth (region 1) was high in

sodium, calcium, magnesium and carbonate species. Highly variable groundwater

composition along the lower Truckee River is consistent with previous water quality
studies.

The river water quality data collected during our May-July 1994 field study were

used to estimate groundwater inflows to the Truckee River. Inflow downstream of

Wadsworth for the eight sampling dates ranged between only 8.5 cfs on June 28 (#6) and a
maximal value of 20 cfs on July 25 (#8). The average value for the eight sampling dates

was 14±3.7 cfs (mean±std.dev.) indicating a rather large and relatively constant
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groundwater inflow to that region. Our calculations also indicate that the Dead Ox region
of the river is an important source of water and total dissolved solids (TDS) to the river.

For the eight water quality surveys, groundwater inflow varied between 0 and 6.5 cfs, with
a mean value of 3.1±2.2. The calculated groundwater inputs for 1994 were used to

estimate the contribution of groundwater inflows to the TDS load of the Truckee River.
At moderate to high flows, the upstream contribution to the TDS load of the river

dominates. This is particularly true under high flow conditions when groundwater TDS
loading for Wads worth and Dead Ox Meadows is only 14% of the upstream TDS load.
However, groundwater inputs of TDS contribute the majority of the total load under low
flow conditions.

It is likely that irrigation of croplands downstream of Wadsworth affects the water
quality of the Truckee River. The most prominent change in water quality along that
stretch of the river (regions 1-4) is a dramatic increase in the total dissolved solids (TDS)

concentration of river waters. Changes in the ionic composition and conductivity of river
waters downstream of Wadsworth were used above to estimate groundwater inflow to
regions 2 and 3; For those regions, groundwater inflow rates estimated from our river
surveys during the 1994 irrigation season were considerably higher than previous values
reported from flow balance calculations during fall and winter periods. This suggests that
irrigation within the Truckee River floodplain contributes to total groundwater inflow to
the river. Indeed, the installation of drainage pipes under several fields north of
Wadsworth should facilitate the movement of excess irrigation water back to the river in

regions 2 and 3. It is noteworthy that the 1994 estimates of groundwater inflow
downstream of Wadsworth are also higher than the calculated contribution of the Fernley
flow system, supporting a local contribution to groundwater inflow on the reservation.

Downstream of Nixon, the water quality data from May-July 1994 indicate that
irrigation of croplands affects both nutrient and TDS concentrations of river waters. For

water quality data from May 18, 1994, increases in conductivity and the nitrate and
phosphate concentrations occurred between Numana and Marble Bluff dams. These
increases occurred despite high river flow (1050 cfs) recorded for that date. When the
water usage records are examined for May 1994, croplands along regions 7-10

(downstream of Numana Dam) were irrigated during May 11-19, particularly in regions 9
and 10 downstream of Nixon. Thus, there is a circumstantial correspondence between the
irrigation of croplands downstream of Nixon and changes in river water quality. It is
noteworthy that spikes in nitrate data along the river in the vicinity of Nixon may also be
explained by subsurface return flow from irrigated croplands; the nitrate spike following
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transect #6 at station 5 in Nixon corresponded to a date in which croplands were irrigated
along region 8 the preceding week.

The water quality data collected during 1994 indicate that changes in the

composition of Truckee River waters downstream of Nixon occur throughout the irrigation

season. Our data clearly show that both conductivity and phosphate increased throughout

the study period, with larger increases at low flow. The only exception to this pattern is a

decrease in conductivity on June 28 (#6) following a period in which extensive irrigation

of croplands occurred in regions 8-9. It is possible that conductivity at station 5 on that

date may have been elevated due to return flow of high conductivity (>1000 umhos/cm)

water from two fields close to the sampling location which were flooded during June
26-28. With the exception of conductivity on that date, both conductivity and phosphate

increased downstream of Nixon for all eight sampling dates. This suggests that the input
of subsurface irrigation return flow to the river downstream of Nixon may occur slowly

over time rather than immediately following the flooding of adjacent fields (with some

exceptions). Groundwater inflow to the river in regions 9 and 10, therefore, may be

somewhat continuous throughout the irrigation season.

6.1 Introduction

The water quality of rivers and streams is strongly influenced by man's activities

and groundwater inflows. Indeed, a recent report to Congress indicated that nonpoint

sources (NFS) of pollution are a major factor causing widespread degradation of water

quality along many rivers (USEPA 1992a). The report examined data reported by States

on the water quality of waterbodies within their borders and identified several types of

NFS pollution affecting rivers, including several agricultural operations. Two areas of

particular importance in the west, including the Truckee River basin, are grazing of
livestock on rangeland and the irrigation of cropland. Overall, agricultural NFS inputs to

rivers were a contributing factor for 41% of the reported cases of degraded water quality.

In this chapter, we examine how groundwater inflows and irrigation water usage contribute
to changes in the water quality of the lower Truckee River on the reservation. These two

types of NFS input to the river are examined together because irrigation return flows to
rivers can occur both through direct discharge (ditches and runoff) and indirectly as
groundwater inflow.

Past work on the lower Truckee River has indicated that groundwater inflows are a

large source of total dissolved solids (TDS) and nutrients to the river. In particular, the

stretch of the river near Wadsworth receives a continuous supply of 8-12 cubic feet per
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second (cfs) through groundwater inflow (Bratberg et al. 1982; Nowlin 1987; Brock et al.

1992). Additional inflow has also been indicated for other stretches of the river on the

reservation such as the stretch along Dead Ox Meadows. The purpose of this chapter is to
describe what is known about groundwater inflows to the river and variations in its

composition. We also examine how groundwater inflow to different stretches of the

Truckee River may be influenced by irrigation water usage on croplands along the river.

6.2 Background Information on Inflows

Groundwater Inflow

Several studies of the hydrology and water quality of the lower Truckee River have
been made over the past 20 years. In three cases, the groundwater inflow to the river has been

estimated through the construction of flow balances. Bratberg et al. (1982), in a report on

changes in the water quality of the lower Truckee River, provide a comprehensive description

of groundwater inflow systems to the river. Here, we rely heavily on the information
summarized in that report. The authors identified three main flow systems to the lower

Truckee River which are: (1) Irrigation return flow from Fernley (east); (2) Inflow from the

Tracey segment of the river (upstream); and (3) snowmelt recharge from the Pah Rah

Mountain Range along Dodge Flat (west). Table 6.1 lists previous estimates of groundwater
inputs to the lower Truckee River by region for the three available surveys from 1971 to 1989

(Bratberg et al. 1982; Nowlin 1987; Brock et al. 1992). Overall, the surveys indicate that the

input of groundwater on the three occasions ranged from a low of 12 cfs in September 1989 to

a maximum value of 26 cfs during September 1971.

Groundwater inflow from the Tracey segment of the river (upstream) to the lower

river occurs from both a surface unconfined and a deep confined aquifer (Bratberg et al.

1982). A large groundwater inflow from the Tracey segment is clearly evident for September
1971. However, the large increase in river flow downstream of Derby Dam for that survey is

not representative of present conditions. In the early 1970's, water diverted from the Truckee

River at Derby Dam entered an unlined Truckee Canal, and a portion of the diverted water
reentered the Truckee River as groundwater inflow. The large drop in groundwater inflow
between Derby Dam and Wadsworth (Table 6.1) between 1971 and 1979 can be attributed to

the lining of the Truckee Canal along that stretch of the river. The contribution of

groundwater inflow to the river from the Tracey segment has been estimated to be 700 acre-ft

per year (AF/yr) based on hydrologic characteristics of the deep aquifer in that region (Van
Denburgh et al. 1973; Bratberg et al. 1982). Converting that annual rate to an average inflow

yields a value of 1.0 cfs, which is higher than net groundwater inflow reported for 1979 and
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Table 6.1. Estimated groundwater inflow (cfs) to the Truckee River by river section.
Values are from river surveys reported by: (1971) Nowlin 1987; (1979) Bratberg et al.
1982; and (1989) Brock et al. 1992. Approximate river miles downstream of Lake Tahoe
are listed for each stretch of the river. Brown et al. (1986) also included an estimate of
total groundwater inflow to the lower Truckee River of 11,000 acre-ft per year (15.2 cfs).

River Section

Derby Dam to
Wadsworth Bridge

Wadsworth Bridge to
U.S.G.S. Gage (old)

Wadsworth Gage to
Above S bar S Ranch

Above S bar S Ranch to
S bar S Gage

S bar S Gage to
U.S.G.S. Nixon Gage

U.S.G.S. Nixon Gage to
TI yr~— t_i_ Tsi__£C r-%

Miles

81-93

93-93.5

93.5-98

98-99

99-106

106-116

1971

12.4

1.9

7.8

0.1

1.3

2.5

1979

0.5

2.5

8.6

3.2

4.2

N/A

1989

(0)

2.1

5.9

0.2

1.2

2.5

TOTAL INFLOW 81-116 26.0 19.0 11.9
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1989 in the stretch of the river between Derby Dam and Wadsworth (see Table 6.1). Two
factors contribute to this discrepancy: (1) unmetered agricultural return flows are poorly
characterized and (2) inflow from the deep aquifer probably occurs throughout the

Wadsworth area. It is interesting to note that the water quality of the Tracey segment

groundwater inflow system is similar to the Truckee River (Bratberg et al. 1982) minimizing

its impact on water quality.

The largest source of groundwater to the river occurs downstream of Wadsworth

through the Fernley flow system. As of the early 1980's, there were 4000 acres of cropland in

the Fernley farm district under cultivation by flood irrigation. Bratberg et al. (1982) reviewed
the water balance for the Fernley area and concluded that the area receives approximately

13,000 AF/yr of groundwater recharge through snowmelt, irrigation, and canal leakage. The

largest source of groundwater recharge in that region was through irrigation, which was

clearly indicated by a mound in the water table of up to 15 feet under the farming district
during the irrigation season. The authors estimated the flow of groundwater from the Fernley

area to Wadsworth based on the hydrologic characteristics of the system (see Fig. 6.1). The

Fernley flow system was predicted to contribute 5250 AF/yr to Truckee River flow through

groundwater accrual downstream of Wadsworth. In an earlier study, Van Denburgh et al.
(1973) predicted a somewhat lower contribution of groundwater (4000 AF/yr) to the Truckee

River from the Fernley system. The difference between the two estimates is entirely due to

one of the coefficients used in the calculation, with the latter estimate by Bratberg et al. based

on updated information on the transmissivity of soils between Fernley and Wadsworth.

The input of groundwater by the Fernley flow system can account for the majority of .

Truckee River flow increase downstream of Wadsworth. Converting annual input (5250

AF/yr) to an average contribution to river flow yields a value of 7.2 cfs. This value can be

compared with observed increases in river flow between the bridge in Wadsworth and S bar S
ranch (Table 6.1). For the three river surveys, the increase in flow in that stretch of the river

was 8.0 to 11.1 cfs with the highest input between the old U.S. Geological Survey gaging site

downstream of Wadsworth to a site just upstream from the ranch. The predicted value for

groundwater inflow from the Fernley flow system can account for 65-90% of those observed

increases. It is noteworthy that improvements that have been made to the irrigation system

downstream of Wadsworth on the east side of the river facilitate the movement of the Fernley

system groundwater into the river. Based on an irrigation and drainage study conducted by
CH2M Hill (1980), farmable acreage was increased through the installation of a series of

drainage pipes and ditches to lower the water table in that region. Increased drainage along

the east bank of the Truckee River downstream of Wadsworth through the improvements to
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• Water table elevation in feet.

Figure 6.1. Elevation of the water table near Wadsworth and Fernley. Map was prepared as
part of a study on the water quality of the lower Truckee River conducted by Bratberg et
al. (1982). The greater elevation of the water table near Fernley compared with the
Truckee River indicates that groundwater should migrate toward the river from the Fernley
area (i.e. Fernley flow system).
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the irrigation systems should intercept the Fernley groundwater and transport it to the river
with its accompanying salt content.

The final groundwater inflow system to the Truckee River identified by Bratberg et al.

(1982) was snowmelt from the Pah Rah Mountains to the west of the river along Dodge Flat.

The mountains in that region receive approximately 43,000 AF of precipitation annually
which the authors calculated should produce a groundwater inflow to the river of 1250 AF/yr

(Maxey-Eakin method). Further, the authors indicated that precipitation to mountains along

the east side of Dodge Flat should only provide an additional 100 AF/yr due to lower
elevations and lower annual precipitation. Converting annual input (1350 AF/yr) to a flow
rate yields a value of 1.9 cfs. The predicted input rate of groundwater from the Pah Rah

Mountains compares favorably with observed changes in river flow (Table 6.1).

Groundwater input to the river between the S bar S Ranch flow gage and the U.S. Geological

Survey Nixon gage should be predominantly from precipitation to adjacent mountains. The
predicted value of 1.9 cfs lies within the range of reported flow increase values (1.2 to 4.2 cfs)

providing a consistent estimate of the input at approximately 2 cfs. It is possible that this

reported range in groundwater inflow along the Dead Ox Meadows region of the river may

reflect precipitation to the mountains over several years prior to the surveys; regional

precipitation during the five years prior to 1971 and 1989 was lower than average compared

with much higher input during the mid-1970's (Western Regional Climate Center, Reno, NV).

Groundwater Composition

The composition of groundwater inflows to the lower Truckee River vary

considerably among different stretches of the river (Table 6.2). The region of the river that

has received the most attention over the past 20 years is the stretch downstream of

Wadsworth, where inflow from the Fernley flow system enters the river. In that region, large

increases in the total dissolved solids (TDS) concentration of Truckee River waters are

typically observed (e.g. Fig. 5.14) indicating groundwater inflow from Fernley is high in

TDS. Bratberg et al. (1982) calculated the average composition of groundwater entering the

river downstream of Wadsworth based on mass balance equations for flow and ion

concentrations. For December 1979, groundwater entering through the Fernley flow system
had a TDS concentration of 611 mg/L and was rich in sodium-calcium and bicarbonate-

sulfate-chloride. An examination of groundwater samples collected from the east side of the

river downstream of Wadsworth by CH2M Hill in October 1979 demonstrated high TDS

concentrations (>580 mg/L). However, a more extensive sampling of groundwater in the
vicinity of Wadsworth conducted by J. Brock in 1989 (unpubl. data) revealed that there is
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Table 6.2. Groundwater composition along the lower Truckee River. Values were reported
by the source indicated in the final column. Conductivity (Cond) data are in umhos/cm
(25°C) while TDS, nitrate (NO3) and phosphate (DRP) are in mg/L. N/A indicates that data
are not available. Stations C4-C7 are along a transect perpendicular to the river.
Approximate river miles downstream of Lake Tahoe are given for each location
(Wadsworth = 93; Nixon =113).

Station Mile TDS Cond NO, DRP Source

Cl
C2
C3
C4
C5
C6
C7
C8
C9

AJ8
PP9
DJ7
JJ5
NCI
FJ6
RJ2
LB10
MJ4
JV3

Wl
W2
W3
W4
Ql

NU
5

5

99.5
99.5
99
97.5
97.5
97.5
97.5
96
94

96
94
96
96
N/A
96
101
94
99
100

102
103
103
102
99

102
114

114

282
2864
966
270
183
633
460
992
582

322
504
196
1612
461
420
369
499
1823
1648

448
4286
1228
368
254

N/A
N/A

522

420
4720
1660
340
225
1080
650
.1240
750

457
689
281
1877
668
611
585
733
3046
2724

580
2400
2380
430
N/A

367
787

893

<0.02
0.05
0.11
<0.02
<0.02
0.08
<0.02
0.11
7.2

0.03
1.85
0.01
0.02
1.55
0.49
0.03
2.3
0.19
0.01

N/A
N/A
N/A
N/A
N/A

1.01
0.64

2.2

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

0.01
0.02
0.01
0.04
0.03
0.02
0.22
0.03
0.01
0.04

N/A
N/A
N/A
N/A
N/A

0.022
0.164

N/A

CD
(1)
(1)
(1)
(1)
(1)
CD
(1)
(1)

(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)

(3)
(3)
(3)
(3)
(3)

(4)
(4)

(5)

(1) CH2M Hill (1980); (2) J. Brock (unpubl. data); (3) Bratberg et al. (1982); (4) this
study; (5) Pyramid Lake Tribal Clinic (unpubl. data)
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considerable variability in groundwater composition. That suggests that the composition of
groundwater inputs to the river may vary substantially over short distances.

Highly variable groundwater composition along the Truckee River has also been

reported along Dead Ox Meadows (miles 99-103, Table 6.2). In the table, groundwater

composition is available for three different canyons along the west side of the river: (Ql)
Gardella Canyon; (NU) Defiance Canyon; and (W1-W4) Dead Ox Wash. An examination

of the composition of groundwater along Dead Ox Wash shows considerable differences
between the southern (Wl and W4) and northern (W2 and W3) portions of the meadow

allowing data from that region to be further segregated. It is important to note that the other
samples listed in Table 6.2 from river miles 99-101 are from the east side of the river. For the

west side of the river, there was an increase in the TDS concentration of groundwater along

Dead Ox Meadows at downstream locations, with extremely high TDS at the northern end of
the meadows (>1200 mg/L). For Gardella and Defiance Canyons, the TDS concentration of

groundwater in each region was low (approximately 250-300 mg/L) indicating good water

quality. The TDS concentration of groundwater from the southern end of Dead Ox Wash was

intermediate between the northern portion of the wash and the upstream canyons. Bratberg et
al. (1982) "calculated the average composition of groundwater inflow to the river along Dead
Ox Meadows for the December 1979 survey of river water quality and indicated that its

composition was nearly identical to the high TDS groundwater from the northern end of the

meadows. The results of the study by Bratberg et al. suggest that groundwater inflow along
Dead Ox Wash should greatly elevate the TDS concentration of river waters, which is
consistent with our observations from 1994 (Fig. 5.14).

The composition of groundwater in the vicinity of Nixon is largely unknown due to a

lack of groundwater data from that region. There is data for two occasions for the public well
serving the Nixon community. Tribal records indicate that the TDS concentration in

groundwater downstream from the highway bridge crossing the river at Nixon was 519-524

mg/L in October 1991 (conductivity 890-896 ^mhos/cm). Composition data on the public

well in Nixon is also available for June 1994 as part of this project. The conductivity of water
collected from the Nixon well in 1994 was 787 umhos/cm, indicating a lower TDS

concentration compared with the 1991 sampling. It is likely that the TDS concentration of

groundwater downstream is much higher than observed in the public water system in Nixon.

Indeed, our examination in chapter 5 of the water quality data base for the lower river
indicated conductivity increases between Nixon and Marble Bluff Dam even when the

conductivity of river waters was >800 umhos/cm. This suggests that the TDS concentration

of groundwater downstream of Nixon is higher than the values observed for the public well in
Nixon.
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Irrigation Return Flows

The limited data that are available on irrigation return flows to the lower Truckee
River on the reservation indicate extreme variability in both flow rate and its composition.
Figure 6.2 shows water diverted to three ditches along the Truckee River during the 1992
agricultural season. Clearly, large variations in water usage along each ditch are typical over
time periods of only days. A comprehensive survey of irrigation return flows to the lower
Truckee River was conducted by J. Brock (Rapid Creek Water Works) in September 1989.
During a one week period, Brock (1991) conducted an intensive examination of nutrient
loading to the lower river, and concluded that irrigation return flows contribute significantly
to the nutrient load of the lower Truckee River. The figure reproduced here was shown by
Brock as an illustration of typical variations in water usage along several of the main
diversion ditches. One of the ditches included in Figure 6.2, Herman Ditch, is of particular
importance to this study due to its discharge back to the river just upstream of the town of
Wadsworth. Overall, Brock estimated total loading of nitrogen and phosphorus to the lower
river during September 1989 from all irrigation return flows to be 339 and 77 kg/day,
respectively.

Additional data are available for Herman Ditch as part of a study currently being
conducted by the Desert Research Institute (DRI) of the University of Nevada in Reno
(D. Cockrum pers. comm.). The description of the project and some initial results presented
below are taken from quarterly progress reports obtained from Nevada Division of
Environmental Protection and DRI. An examination of the impact of Herman Ditch on the
water quality in the Truckee River was prompted by unexplained increases in total
phosphorus (and phosphate) and nitrate along the Wadsworth stretch of the river. For the
1993 season, approximately 380 acres of cropland were flood irrigated from Herman Ditch to
grow alfalfa and grasses. Water usage along the ditch involved periods of 1-3 weeks in which
water was used to flood various fields followed by 1-2 weeks when the diversion was not
used. Overall, 2671 acre-ft of water was diverted from the Truckee River of which 14% (370
acre-ft) was returned through the discharge to the river just upstream of Wadsworth. Flow in
the ditch was highly variable and could range from 0 to 7 cfs over a 24 hour period, with
discharge back to the river equally variable over time. Nutrient concentrations in the return
flow to the river are typically high in total nitrogen (TN) and phosphorus (TP); the average
flow weighted concentrations for TN and TP for 1993 were 1.5 and 0.3 mg/Lj respectively.
D. Cockrum estimated that the total nitrogen and phosphorus loadings to the Truckee River
from Herman Ditch were 1531 and 277 pounds, respectively. Converting those estimates to
daily rates, Herman Ditch contributed approximately 2% of total irrigation return loadings
calculated by Brock (1991) for September 1989. Low concentrations of dissolved inorganic
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Figure 6.2. Flow in Murphy,. MeCarran, and Herman irrigation ditches during 1989. Data
are from the U.S. Federal Court Watermaster for Truckee River (unpubl. data). Figure was
taken from Brock (1991).
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nitrogen (nitrate and ammonium) in Herman Ditch discharge during the 1993 study suggest

that the majority of the nitrogen load may be as organic nitrogen.

6.3 Changes in River Composition

The previous chapter presented data on the water quality of the Truckee River during

May-July 1994. As part of that study, the major ion composition (dissolved salts) of Truckee

River waters was analyzed on three dates (Fig. 6.3-4). The three dates were selected to

include data from periods of high (>1000 cfs), moderate (300-800 cfs), and low (>50 cfs)

flow conditions. We present data on variations in the major ions here as a means to identify
the sources of groundwater inflows to the river. Variations in the composition of river waters

indicate five distinct sources of inflow. Tables 5.2 and 5.4 provide descriptions of sampling

locations for the surveys and the locations for the 10 intervals defined (see chapter 5).

Because increases in the concentrations of dissolved salts were greatest under low flow

conditions (e.g. Fig. 5.13), we focus on those changes in this discussion.

Our surveys during 1994 indicate three different sources of groundwater to the

Truckee River near Wadsworth (regions 1, 2, and 3). For region 1, the increase in
conductivity observed (e.g. Fig. 5.14) was due to increases in sodium, calcium, and

magnesium and predominantly carbonate species (alkalinity, Figs. 6.3-4). In contrast,

groundwater inflow to the next downstream stretch of the river was distinctly different;

changes in the composition of Truckee River waters between stations W2 and W3 indicate
inflow rich in calcium, magnesium, and sulfate. The third source of groundwater inflow near

Wadsworth is to region 3. In that region, large increases in the. sodium and chloride

concentrations of river waters occurred under low flow conditions indicating inflow was high

in those ions.

Two additional sources of groundwater inflow can be delineated from the changes in

the major ion composition of Truckee River waters. These are upstream of Numana Dam and

downstream of Nixon. Upstream of Numana Dam (regions 5-6), in contrast to Wadsworth
sources, the increase in conductivity observed (e.g. Fig. 5.14) was almost entirely due to large

increases in the sodium and chloride concentrations (Figs. 6.3-4). In contrast, the increases in

conductivity downstream of Nixon were due to the input of a mixture of salts. Changes in the

ionic composition of river waters in that stretch of the river indicate the input of groundwater
containing sodium, chloride, sulfate, and carbonate. It is noteworthy that the diverse

composition of groundwater inflows to Truckee River indicated by major ion data collected
during 1994 is consistent with highly variable composition of groundwater along the river

(see Table 6.2).
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Figure 6.3. Spatial changes in cation concentrations (mg/L) along the Truckee River.
Transects were grouped by flow regime to derive average changes under low, moderate,
and high flow conditions (see chapter 5). Sodium (-45 mg/L) and magnesium (-5 mg/L)
plots do not include data from interval 7 under low flow due to the diversion of all flow at
Numana Dam.
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Figure 6.4. Spatial changes in anidn concentrations (mg/L) along the Truckee River.
Chloride plot does not include the data point (-115 mg/L) from interval 7 at low flow (see
Fig. 6.3). Alkalinity values are expressed in mg CaCQ/L.
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6.4 Groundwater Inflow for 1 994 Study

The river water quality data that was collected during May- July 1994 as part of this

study can be used to estimate groundwater inflows to the Truckee River for the eight

sampling dates. Traditionally, flow balances are constructed for river systems to estimate
groundwater inflow necessary to produce observed changes in river flow (e.g. Nowlin 1987),
and the three previous estimates of groundwater inflows along the Truckee River were all

derived by the flow balance method (see Table 6. 1). Variations in the major ion constituents
along the river provide a second method to determine groundwater inflows. If the
composition of groundwater inflows is known, changes in river water composition can be
used to estimate the rate of inflow at the observed river flow on the sampling date. For the

Truckee River, Bratberg et al. (1982) estimated the average composition of groundwater
inflows to several regions of the river including downstream of Wadsworth and Dead Ox

Meadows. We use the groundwater composition data from that study here to quantify
groundwater inflows from the water quality data collected during 1994. Because data on the
composition of groundwater downstream of Nixon is limited, groundwater inflow to that

region is not quantified.

The composition of river water at any point along a river is affected by both upstream
concentrations (Cup) and any inflows. In the absence of surface inflows, changes in

composition along a given stretch of a river should be due to the quantity (QGw) ̂ ^
concentrations of different ions (CGW) in groundwater inflows. The concentration of any non-
reactive (conservative) ion at a downstream point (Cdown) can be determined by:

down * Qap + CGW*QGW) / (Qup + Qow) (6-1)

where Q indicates flows, C indicates a concentration, and the subscripts indicate upstream
(up), downstream (down), and groundwater (GW) values. When all quantities in equation 6-1
are known except QGW, the equation can be rearranged to solve for groundwater inflow to the

river. For the 1994 river surveys, river composition data including major ions are available
for three occasions. We used the data from those three sampling dates to estimate
groundwater inflow downstream of Wadsworth and Dead Ox Meadows under low, moderate,

and high flow conditions. Further, the data were also used to estimate the conductivity of
average groundwater inflow for both regions so that changes in the conductivity of river
waters for the remaining five sampling dates could be used to estimate groundwater inflows to
the lower Truckee River.
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Groundwater inflows downstream of Wadsworth and Dead Ox Meadows were
estimated by comparing predicted changes in the composition of river waters with the
observed values from the river surveys. Bratberg et al. (1982) provided estimates of the

average composition of groundwater inflows to those two regions, and we used the average

values from that study to predict changes in the concentration of four ions (sodium, calcium,

chloride, and sulfate) at different rates of groundwater inflow. To determine the level of
groundwater inflow for each sampling date (transects 2,3 and 6), groundwater inflow was

adjusted until the predicted ionic composition of river waters at the downstream station (e.g. S

bar S Ranch) matched observed values. The selection criterion for the best estimate of inflow

was the value that had the smallest summation of deviations between observed and predicted
concentrations for the four principle ions listed above (sum of squares). After calculating

groundwater inflow for the three dates, the conductivity of average groundwater inflows to

the two regions was estimated using equation 6-1. The volume weighted average

conductivity of groundwater inflow downstream of Wadsworth was calculated to be 1510

f4.mb.os/cm. For Dead Ox Meadows, values of the average conductivity of groundwater

inflows were identical to groundwater composition along that stretch of the river (Table 6.2).

Several assumptions concerning river flow were made in our determination of

groundwater inflows. The average groundwater composition used in our calculation of river

water quality is for the stretch of the lower Truckee River between the old U.S. Geological

Survey (USGS) gaging station and S bar S Ranch (station SS, Table 5.2). However, the new

USGS gaging station for that stretch of the river has been moved further upstream. To

account for inflows downstream of the new flow gage, we have estimated the return flow

from Herman Ditch from field notes and groundwater inflow upstream of the old gaging site

from Table 6.1 (2 cfs). Inflow from those two sources were added to the value reported at the

Wadsworth flow gage to determine the upstream flow value for equation 6-1. We also

subtracted water diverted to Proctor Ditch. For Dead Ox Meadows, we assumed that the flow

value reported for the Nixon gage between Dead Ox Meadows and Numana Dam was
representative of upstream flow.

Figure 6.5 plots estimated groundwater inflow downstream of Wadsworth for the eight

sampling dates during 1994. Inflow during the period ranged between only 8.5 cfs on June 28

(#6) and a maximum value of 20 cfs on July. 25 (#8). The average value for the eight

sampling dates was 14±3.7 cfs (mean±std.dev) indicating a rather large and constant

groundwater inflow downstream of Wadsworth. When compared to previous estimates

(Table 6.1), the inflow values determined here are generally higher; indeed, the mean value

for 1994 is higher than the entire range of groundwater inflows (6.1 to 11.8 cfs) reported for

the three previous surveys for the stretch of the river between the old USGS Wadsworth flow
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Figure 6.5. Estimated groundwater inflow downstream of Wadsworth (closed) and Dead
Ox Meadows (open). Values for Wadsworth are for the region between the old U.S.
Geological Survey gaging station and S bar S Ranch. Estimated inflows for transects 2, 3,
and 6 are from surveys of the ionic composition of the Truckee River while values for the
remaining dates are based on spatial changes in the conductivity of river waters (see text).
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gage and S bar S Ranch. The higher values reported for 1994 can probably be attributed to

irrigation activities within the floodplain of the Truckee River. In contrast to the previous
estimates, our values for groundwater inflow downstream of Wadsworth were conducted

during the irrigation season and include both base and subsurface irrigation return flows.

Groundwater inflow to the river along Dead Ox Meadows and upstream of Numana
Dam was also an important source of water to the river. For the eight water quality surveys of

the river conducted during 1994, groundwater inflow varied between 0 and 6.5 cfs, with a

mean value of 3.1±2.2 (Fig. 6.5). It is noteworthy that the high value for groundwater inflow

calculated for late June (#6) may overestimate actual inflow. M. Wright of the Water
Resources Department of the Pyramid Lake Tribe indicated that the Nixon flow gage was

overestimating river flow during early July (pers. comm.). Because of our method of

calculation, an increase in river flow will directly affect the rate of groundwater inflow

derived from the water quality data. Indeed, decreasing river flow to 15 cfs from the reported
value of 24 cfs by the USGS gage causes the derived groundwater inflow rate to decrease to

4.5 cfs, which is consistent with other samplings and the previous surveys (Table 6.1).

The calculated groundwater inputs to the river for 1994 can be used to estimate the
contribution of groundwater inflows to the total dissolved solids (TDS) load of the Truckee

River (Fig. 6.6). At moderate to high flows, the upstream contribution to the TDS load of the

river dominates. This is particularly true under high flow conditions when groundwater TDS

loading for Wadsworth and Dead Ox Meadows were only 14% of the upstream TDS load.
However, groundwater inputs of TDS contribute the majority of the total load under low flow
conditions, with groundwater loading downstream of Wadsworth typically twice the

contribution from the Dead Ox region. Thus, decreasing the TDS concentration of the

Truckee River under low flow conditions requires reductions in loadings both upstream of the
reservation and within its boundaries.

6.5 Impacts of Irrigation on Water Quality

Water Usage in 1994

The diversion of water from the Truckee River to support irrigation of croplands on

and off the reservation is accomplished through a series of dams, ditches, and pumping

stations. On the reservation, diversions occur in the vicinity (and downstream) of Wadsworth

and upstream of Nixon at Numana Dam. Table 6.3 lists total water diverted from the Truckee
River at the main water diversion structures. Herman Ditch is included in the list even though

the diversion of water occurs upstream of the reservation because its return flow enters the
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Figure 6.6. Comparison of TDS loads at different river flow regimes. Values are shown for
the Trackee River (closed), groundwater downstream of Wadsworth (open), and
groundwater inflow downstream of Dead Ox Meadows (hatched). Note the break in scale
for river TDS loading at moderate to high river flow. Transects from May-July 1994 were
grouped by high (>1QOO cfs), moderate (300-600 efs), and low (<50 cfs) flow conditions.
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Table 6.3. Summary of water diversions from the Truckee River during 1994. Values are
total water pumped or diverted in acre-ft for the month indicated and do not take into
account any return flows. The regions affected by each water diversion are listed in the
second column. Regions 1-4 are near and downstream of Wadsworth while regions 7-10
are near Nixon (see Tables 5.2 and 5.4). Indian Ditch is diverted from the river at Numana
Dam. Olinghouse #1 and #3 are pump stations while all other entries are ditches.

Ditch/Pump Regions April May June July

Herman Ditch

Proctor Ditch

Olinghouse #1

Fellnagle Ditch

Gardella Ditch

Olinghouse #3

Indian Ditch

1

1-3

1

2

4

4

7-10

436

267

33

25

24

24

760

819

170

42

52

47

171

1070

565

300

54

51

57

151

551

639

600

64

52

61

102

1030

40

60
=*-!o
s—-

§
"T-l

g 20

Indian

Proctor

May June July

Figure 6.7. Daily flow in the Indian and Proctor ditches during May-July 1994. Water was
also diverted to both ditches during April (see Table 6.3).
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river at Wadsworth. The largest diversion of water from the river on the reservation occurs at
Numana Dam (Indian Ditch) upstream of Nixon. Water diverted from the river at that
location serves farmers along both sides of the Truckee River from its diversion point at
Numana Dam to properties as far downstream as Marble Bluff Dam. In 1994, water diverted
to Indian Ditch was >1000 acre-ft (AF) in May and July, and the total for the period shown
was 3411 AF. The single diversion structure serving the farming community near Nixon is
contrasted by several ditches and pumps providing water to croplands near Wadsworth
(regions 1-4). For those regions, irrigation water needs are supplied by a series of ditches
originating near Wadsworth and two pumping stations (Olinghouse #1 and #3). The largest
diversion along the Wadsworth stretch of the river is Proctor Ditch which serves farmers
along the south side of the river in regions 1-3. In April-July 1994, total water diverted to
Proctor Ditch was 1337 AF.

The diversion of water from the Truckee River to support irrigation of croplands on
the reservation is typically episodic. Figure 6.7 plots flow in the two largest ditches on the
reservation during May-July 1994. The pattern for water usage along Indian Ditch in Nixon
and Proctor Ditch downstream of Wadsworth for 1994 involved the diversion of water for
periods of one to several weeks followed by intervals when the ditches were not used. For the
diversion at Numana Dam, there were five periods of usage during May-July during which
flow in Indian Ditch was >20 cfs. Typically, periods of water usage in Nixon were 1-2 weeks
but could be as long as a month (July). It is noteworthy that during periods of high flow the
diversion of water accounts for only a small portion of total flow. However, water diversions
from the river during low flow periods can utilize the entire flow of the Truckee River (see
Fig. 6.8). For occasions when the entire flow of the river is diverted (such as in July 1994),
river flow downstream from the diversion structure is supported by irrigation return flows and
groundwater accrual.

Water Quality Effects

In this final section of the chapter, we examine how variations in the composition of
Truckee River waters may be associated with the irrigation of croplands within the floodplain
of the river. The irrigation of croplands outside the boundaries of the reservation are also
important sources of nonpoint inputs to the .lower Truckee River but are only briefly
examined in this section. Further, the focus of this section will primarily be on water quality
changes in the vicinity of Nixon (regions 7-10) due to water usage data constraints. The
Water Resources Department of the Tribe maintains records on water usage from Indian
Ditch, including the May-July 1994 period when we conducted water quality surveys of the
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Figure 6.8. Numana Dam at high (> 1000 cfs) and low (<30 cfs) flows. The Indian Ditch
diversion is shown in the upper panel. All flow is diverted in the lower panel.
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river. Comparable data for properties downstream of Wadsworth are lacking. Thus, our

interpretations of correlations in regions 1-3 are limited by available water usage information.

It is likely that irrigation of croplands downstream of Wadsworth affects the water

quality of the Truckee River. The most prominent change in water quality along that stretch

of the river (regions 1-4) is a dramatic increase in the total dissolved solids (IDS)
concentration of river waters. Earlier in this chapter, changes in the ionic composition and

conductivity of river waters downstream of Wadsworth were used to estimate groundwater
inflow to regions 2 and 3 (see Fig. 6.5). Groundwater inflow rates estimated from our river

surveys during the 1994 irrigation season were considerably higher than previous values
reported from flow balance calculations during fall and winter periods. This suggests that
irrigation within the Truckee River floodplain also contributes to total groundwater inflow to

the river. Indeed, the installation of drainage pipes under several fields north of Wadsworth

should facilitate the movement of excess irrigation water back to the river in regions 2 and 3.

It is noteworthy that the 1994 estimates of groundwater inflow downstream of Wadsworth are

also higher than the calculated contribution of the Fernley flow system (i.e. 7.2 cfs). This

supports our interpretation that part of the water quality change downstream of Wadsworth is

due to irrigation of croplands within the floodplain of the river.

Downstream of Nixon, the water quality data from May-July 1994 indicate that

irrigation of croplands affects both nutrient and TDS concentrations of river waters. Figure

6.9 plots water quality data for May 18, 1994, between Numana and Marble Bluff dams.

Clearly, the figure shows steady increases in conductivity, nitrate, and phosphate
concentrations between river miles 110 and 116. These increases occurred despite high river

flow (1050 cfs) recorded for that date (U.S. Geological Survey, Carson City, Nevada). When

the water usage records are examined for May 1994, croplands along regions 7-10 were

irrigated during May 11-19, particularly in regions 9 and 10. Thus, there is a circumstantial

correspondence between the irrigation of croplands downstream of Nixon and changes in
river water quality. It is noteworthy that spikes in nitrate data along the river in the vicinity of

Nixon may also be explained by subsurface return flow from irrigated croplands (see Fig.
5.11); the nitrate spike following transect #6 at station 5 in Nixon corresponded to a date in

which croplands were irrigated along region 8 the preceding week.

The water quality data collected during 1994 indicate that changes in the composition
of Truckee River waters downstream of Nixon occur throughout the irrigation season. Figure

6.10 plots the change in conductivity and phosphate concentration in regions 9 and 10 by
transect. These two constituents are plotted as a comparison to data presented in chapter 5

and because they do not seem to be affected by removal processes downstream of Nixon. In
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Figure 6.9. Conductivity (pmhos/cm), nitrate (mg/L), and .phosphate (mg/L) distributions
downstream of Numana Dam on May 18, 1994. River mileage is downstream of Lake
Tahoe with Marble Bluff Dam to the right of the panels.
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Figure 6.10. Change in conductivity (pmhos/cm) and phosphate (mg/L) in regions 9-10
during May-July 1994 (see chapter 5). Positive values indicate an increase in the
constituent value downstream of Nixon. The overbars at the top of the figure indicate
periods when water was being used to irrigate fields in either region 9 or 10. Note the
break in scales for transects during low flow periods.
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the plots, the x-axis gives an approximate chronology of sampling dates. The overbar at the
top of the figure indicates periods during which irrigation of croplands occurred downstream
of Nixon. Clearly, there are increases in both constituents throughout the period, with larger

increases at low flow (<100 cfs, transects 5-8). The only exception to this pattern is a

decrease in conductivity on June 28 (#6) following a period in which extensive irrigation of

croplands occurred in regions 8-9. During that period, water diverted at Numana Dam was
higher (>1QOO umhos/cm) than values observed for the river downstream of the diversion. It

is possible that conductivity at station 5 on that date may have been elevated due to return

flow from two fields close to the sampling location which were flooded during June 26-28.

With the exception of conductivity on that date, both conductivity and phosphate increased

downstream of Nixon for all eight sampling dates. This suggests that the input of subsurface

irrigation return flow to the river downstream of Nixon may occur slowly over time rather

than immediately following the flooding of adjacent fields (with some exceptions). Thus,

groundwater inflow to the river due to irrigation of croplands in regions 9 and 10 may be
somewhat continuous throughout the irrigation season, contributing to the TDS and
phosphorus load of the river.

CH-06.NPS 153 October 18, 1994



DRAFT

CHAPTER?

NONPOINT INPUTS TO TRUCKEE RIVER FROM DEVELOPMENT

7.0 Chapter Summary

Development within the watersheds of rivers is an important factor affecting their
downstream water quality. Overall, potential sources of nonpoint (NPS) pollution to the
lower Truckee River include irrigation of croplands, a fish hatchery, livestock grazing, and
urban development at Nixon and Wadsworth. In chapter 6, we examined the impacts on
water quality from the irrigation of croplands on and off the reservation, and here, we
examine other potential NPS inputs to the river associated with development within the
river floodplain on the reservation. Upstream activities are also important sources of NPS

pollution to river waters entering the reservation and are briefly discussed. Due to limited
data on urban inputs to the river, the assessments presented in this chapter are primarily
qualitative in nature.

Livestock grazing along the lower Truckee River on the reservation is potentially an

important source of NPS pollution during winter months. Currently, cattle are moved from
summer ranges around the reservation to farms along the floodplain of the river during fall
of each year. The cattle spend the winter months on the fields along the river and then are
moved back to summer ranges the following spring. Through the partial implementation

of a range management plan, the Tribe has already begun to address potential impacts from

the cattle on the Truckee River. The stretch of the river downstream from Wadsworth has
been fenced to restrict livestock access to riparian zones, and the Tribe is working on
providing alternative winter rangeland for the cattle. When the range management plan
has been fully implemented, the impacts of livestock on the river should be minimal due to
a limited presence of cattle within the floodplain. Currently, potential nutrient loadings to
the Truckee River from winter foraging of cattle on fields along the river were estimated
to be 7500-15,000 Ibs of nitrogen and 2600-5100 Ibs of phosphorus. These loadings will
be greatly reduced when alternative winter pasture is available for the cattle.

The operation of Numana Hatchery along the Dead Ox Meadows stretch of the
river contributes small amounts of nutrients to the Truckee River. The facility utilizes
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groundwater as a water source and efficiently recycles water within the hatchery. Even so,

the facility discharges 250 gal/min to land adjacent to the river. A wetlands project is

currently being implemented to remove nitrogen from the discharge stream as part of a

regional demonstration project. The effectiveness of this treatment will be evaluated over

the coming few years.

Urban development along the Truckee River both upstream of the reservation and

within its boundaries has affected river water quality. However, a survey of potentially

toxic organic compounds and metals conducted during August 1993 revealed only a few

constituents above the limits of detection and those concentrations were low. These
include the metals of arsenic, zinc, and copper and a few organic compounds. Pesticides

and volatile organic compounds were not detected in any samples. The August 1993

survey of toxic pollutants indicated that development along the river has not lead to

widespread toxic contamination of river waters. Development probably does contribute
small amounts of nutrients to the river, from urban runoff and domestic waste production in

Wadsworth and Nixon.

7.1. Introduction

The development of the shoreline of aquatic systems has been shown to be a major

factor affecting the water quality of rivers and streams. Indeed, a recent report to the U.S.

Congress on nonpoint sources (NFS) of pollution to aquatic systems listed several activities

associated with development that were affecting rivers throughout the country (USEPA

1992a). For rivers with degraded water quality, urban growth (4%), land waste disposal

(3%), and construction (2%) were all contributing factors.

For the lower Truckee River, developmental pressures are mainly associated with

agricultural activities within the floodplain of the river and grazing by livestock. Urban

development along the river on the reservation is limited to Wadsworth and Nixon, with a

total population for both communities of 1363 permanent residents (D. John, Tribal
Manager pers. comm.). The Tribe also operates a Lahontan cutthroat trout hatchery along

the Dead Ox Meadows stretch of the river. Overall, potential sources of NFS pollution to

the river include irrigation of croplands, a fish hatchery, livestock grazing, and urban
development at Nixon and Wadsworth. In the last chapter, we examined the impacts on
water quality from the irrigation of croplands on and off the reservation, and thus, we do

not address NFS inputs from those sources in the present discussions. This chapter

examines other potential NFS inputs to the river through processes associated with
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development within the river floodplain on the reservation. Upstream activities are also
important sources of NFS pollution to river waters entering the reservation and are briefly
discussed. Due to limited data on urban inputs to the river, the assessments presented in
this chapter are primarily qualitative in nature.

7.2 Livestock Grazing

The impairment of water quality in rivers due to livestock grazing is a widespread
problem in the western United States. Generally, nonpoint source (NFS) problems
associated with livestock involve the improper storage and utilization of manure and
grazing in riparian zones (USEPA 1992a). Riparian zones that are impaired by livestock
grazing often lose their native vegetation, experience soil erosion, and have unstable banks.

To prevent this destruction of stream habitat, USEPA recommends that livestock access to
rivers be Limited to environmentally sound river crossings through the installation of
fencing. Further, providing offstream watering sites for cattle is also encouraged as an

alternative to direct access to rivers and streams by livestock.

Livestock grazing along the lower Truckee River on the reservation is potentially an
important source of NFS pollution during winter months. Generally, cattle are moved to
summer ranges in May of each year and are returned to the floodplain of the river the

following September (D. John, Tribal Manager pers. comm.). Thus, a large fraction of the

3500 head of cattle on the reservation occupy the floodplain of the Truckee River during
winter months. The Tribe has begun to address the potential impacts of livestock on
habitat along the Truckee River through the development of a range management plan
(SCS 1988). Implementation of the grazing plan should greatly reduce the overall impact
on the Truckee River from cattle raised on the reservation. To reduce livestock access to
the river downstream of Wadsworth, the Tribe has already provided property owners along
that stretch of the river with materials to construct wire fences to exclude cattle from the

Truckee River (D. John, Tribal Manager pers. comm.). The Tribe is also in the process of

providing offstream winter range along Dead Ox Meadows as an alternative to grazing
within the floodplain of the river (see chapter 9). These efforts by the Tribe should help to
reduce livestock grazing pressure on the riparian zone of the river.

One area of the river where cattle exclusion is probably less important is the delta
region. The delta is currently a rich rangeland for cattle which is flat (low erosion
potential) and vegetated with native grasses. Although restriction of cattle from the delta

would probably reduce nutrient loading to the lake by a small amount, those nutrients are
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beneficial to the fish population of the lake by stimulating adequate algal growth.

Movement of cattle from the delta should receive low priority compared with other regions
of the river.

The present potential for NFS nutrient loading to the river from livestock can be

estimated from the total number of cattle occupying the floodplain of the river during fall-

spring and typical levels of manure production. During winter months, 300-400 head of

cattle occupy fields surrounding Wadsworth, and a large fraction of the remaining cattle

raised on the reservation are located in Nixon (D. John, Tribal Manager pers. comm.).

Assuming that approximately 1500 cattle are located near Nixon during winter months, the
total number of cattle potentially contributing to nutrient loading to the Truckee River is

approximately 1850 head. Total manure produced from that many cattle over the six

months in which they are located within the river floodplain is approximately 150,000

pounds of nitrogen and 51,000 pounds of phosphorus. The fraction of the nutrient content
of the manure produced which reaches the Truckee River will depend on waste

management practices by individual property owners and nutrient retention by pasture

soils. Assuming that only 5-10% of the nutrients in manure produced eventually reaches

the river, livestock wastes from cattle along the Truckee River during winter may

contribute 7500-15,000 Ibs of nitrogen and 2600-5100 Ibs of phosphorus. It is noteworthy

that the development of offstream winter ranges for cattle will greatly reduce potential

NFS nutrient loading to the Truckee River from cattle.

7.3 Numana Hatchery

The Tribe operates a freshwater hatchery facility (Numana Hatchery) along the

Dead Ox Meadows stretch of the river to support the development of a thriving Lahontan

cutthroat trout population in Pyramid Lake. The facility utilizes groundwater as a water
supply and employs water recycling technology to reduce the total amount of water needed

to rear the trout. Even with efficient water recycling, Numana Hatchery discharges
approximately 250 gal/min of wastewater (P. Wagner, Director, Pyramid Lake Fisheries

pers. comm.), with suspected nitrogen and phosphorus concentrations of 2.8 and 0.4 mg/L,

respectively (Wetland proposal, see below). Total potential nitrogen and phosphorus

loading to the river from the hatchery facility can be estimated from its discharge rate and

nutrient concentrations. Based on the suspected concentrations, the hatchery potentially
contributes 10 Ibs of nitrogen and 1.4 Ibs of phosphorus to the river per day. Because the

effluent is discharge to land adjacent to the river, the actual loading of nitrogen and
phosphorus to the river will be lowered through soil retention and biological utilization.

CH-07.NPS 157 October 18, 1994



River Development DRAFT

A wetlands project is currently being implemented at Numana Hatchery to evaluate

the effectiveness of an engineered wetland environment to remove nitrogen from the
hatchery's effluent (see chapter 9). The focus of the project and monitoring effort at the

site is on nitrogen control because of the local and regional importance of nitrogen in

controlling plant growth (Reuter et al. 1991; Reuter et al. 1993; Lebo et al. 1994a). The

principal investigator for the project is John Warwick at the University of Nevada, and

many of the facts used here are from his successive proposal to conduct the study. It is

noteworthy that the wetland project is a regional demonstration project to evaluate the

effectiveness of low cost, low maintenance wetland environments for nitrogen control.

Currently, the wetland has been constructed and will be vegetated later this fall (1994).

Thus, it should be fully functional sometime in 1995.

7.4 Urban Development

Development within the Truckee River watershed during the past 150 years has

greatly affected the water quality of the river on the reservation (Townley 1980). Perhaps,

the most detrimental factor of this development has been the dewatering of the river
through water diversions for the irrigation of croplands. However, we only consider below

how urban development affects the quality of water flowing onto the reservation. These

include the continued expansion of the cities of Reno and Sparks in the Truckee Meadows

and agricultural return flows to the river. Those factors, in combination with development

on the reservation, determine the water quality and quantity for the Truckee River on the
reservation. In this final section, we examine how NFS pollution to the river from urban

development along the Truckee River affects nutrient loads and other pollutant

concentrations in river waters.

Upstream Activities

There are a multitude of potential NFS inputs to the Truckee River upstream of the

reservation, and it is, beyond the scope of this assessment for the reservation to attempt to
quantify them. Here, we simply try to give a general characterization of upstream

activities within the Truckee River basin for comparison with priority pollutant scans

conducted during August 1993. Further, our characterization of the region only extends to
changes in regional population and generalizations about commercial activities.

Urban pressures on the Truckee River system have intensified over the past four

decades due to a rapid expansion of the resident population of Reno-Sparks and
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surrounding communities. Since 1950, the population of the region (Washoe County) has
expanded from 50,205 to over 250,000 (Andriot 1983; Nevada State Demographer's Office
1991). Concurrent with the population increase has been a corresponding increase in direct
inputs to the Truckee River from domestic waste production and NFS inputs through urban
runoff, which are both part of Nevada's water quality programs. Commercially, the region
depends heavily on service industries for employment, with only small (<1% in 1975)
contributions from agriculture and mining operations (USEPA 1976). Manufacturing (6%)
and construction (7%) jobs also contribute substantially to commercial activities.

A.survey of the concentrations of potentially toxic organic compounds and metals
in the Truckee River on the reservation was conducted during August 1993 to assess
impacts of urban activities on the water quality of the river. The survey was done in
conjunction with Jim Cooper of the State of Nevada who arranged for the analysis of the
samples collected. On August 17-18, personnel from U.C. Davis and the Tribe collected
12 samples from Pyramid Lake, the Truckee River, and several irrigation ditches. The
locations sampled on the river included: (1) near interstate 1-80; (2) near highway SR 427
in Wadsworth; (3) Robert James Property (approximately 6 miles downstream from
Wadsworth); (4) East Nixon Siphon; (5) near highway SR 447 in Nixon; and (6)
downstream of Marble Bluff Dam. All sampling was done according to procedures
provided by U.S. Environmental Protection Agency and Nevada Division of Environmental
Protection.

The concentrations of potentially toxic compounds in Truckee River waters were
low for all samples collected during August 1993. Table 7.1 lists estimated concentrations
for all metals and organic compounds detected in the samples. Volatile organic
compounds and pesticides were not detected in any of the samples collected. The lack of
pesticide residues in the samples can be attributed to low usage of those compounds in
farming practices along the Truckee River (L. Lawrence, Nevada Department of
Agriculture pers. comm.). In addition to no pesticides and volatile compounds in the
samples, only three metals of potential concern were detected. These are arsenic (As), zinc
(Zn), and copper (Cu). For arsenic and zinc, the measured concentrations appear to be
affected by both upstream inputs (as indicated by measurable concentrations at 1-80) and
inputs within reservation boundaries (e.g. input of zinc upstream of E. Nixon Siphon).
Copper, in contrast, appears to be localized to Proctor Ditch. Indeed, the sample from
Proctor Ditch was the only one from the survey in which measurable copper was detected.
Organic compounds detected in the samples were limited to hexanedioic acid, phthalate
compounds, and unknown hydrocarbons. Generally, the concentrations of the
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Table 7.1. Summary of August 1993 priority pollutant sampling of the Truckee River.-
Mileage is downstream from Lake Tahoe, with the discharge locations of the ditches listed.
Values are in ug/L. No volatile organic compounds or pesticides were detected in any of
the 12 samples collected.

Sampling Site Mile As Zn Mn Others

Truckee River:

1-80 Bridge 92 3.8 21 3.0

SR 427 Bridge 93 7.9 11.3 56

James Property 99 10.1 8.1 89

E. Nixon Siphon

SR 447 Bridge

Marble Bluff

Ditches:

Herman 93 15.2 14.4 27.5

Fellnagle 97 7.6 19.7 9.3

Proctor 97 12.4 15.3 37.5

93

99

111

113

116

7.9

10.1

10.7

10.4

10

11.3

8.1

31.3

<6

6.2

Hexanedioic Acid = 400
Unknown hydrocarbons <10

Hexanedioic Acid = 8

Hexanedioic Acid = 600

35 none

43 Di-n-butylphthalate = 5

80 Di-n-butylphthalate = 13

Di-n-butylphthalate = 20
unknown phthalate = 10
unknown hydrocarbons <10

Di-n-butylphthalate = 19
unknown phthalate = 9
unknown hydrocarbons <10

Copper = 46.3
Di-n-butylphthalate = 10
Hexanedioic Acid = 20
unknown phthalate = 5
unknown hydrocarbons <10

Note: Analyses performed by the U.S. Environmental Protection Laboratory in
Las Vegas, Nevada.
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detected compounds were low indicating minimal inputs. The sources of the hexanedioic
acid upstream of the reservation (1-80) and the James Property (Mile 99) are unknown at
this time. The general lack of metal and organic compounds in the Truckee River as it
enters the reservation indicates that upstream urban development has not caused a
widespread toxic contamination of river waters.

Urban Runoff

The volume of urban runoff entering the Truckee River from Wads worth and Nixon
was estimated using the Rational Method (see section 4.4). Areas for the two communities
were determined from the provisional edition (1986) of the 7.5 minute series U.S.
Geological Survey topographical maps for those areas of the Truckee River. Total areas of
Wadsworth and Nixon were estimated to be 250 and 83 acres, respectively.

In Wadsworth, approximately one mile of thfe eastern edge of the town lies within
200-600 feet of the river, with an extensive riparian zone separating the town from the
river. A total of 23 different land-use categories were used to partition the area of
Wadsworth in our determination of annual urban discharge and pollutant loads. As with
the calculations for Sutcliffe urban runoff, an additional coefficient (values 0.25 to 0.75)
was used to determine the fraction of different flows actually reaching the river. Estimated
total urban runoff from Wadsworth for an average year (rainfall = 0.55 ft/yr, Lebo et al.
1993c) was 16.5 acre-ft. Annual pollutant loads to the river based on that level of urban
runoff were 24,000 (total suspended solids), 40 (total nitrogen), 8.4 (nitrate), 20
(phosphate), and 400 Ibs/yr (chloride).

Urban discharge from the community of Nixon to the river (11.4 acre-ft/yr) was
estimated using an average rainfall of 0.63 fi/yr (Lebo et al. 1993c). In the calculation, a
total of 18 different land-use categories were identified. Additionally, the coefficient
defining the likelihood that urban flows will reach the river ranged from 0.35 to 0.9.
Based on total runoff, annual pollutant loads of total suspended solids (10,500 Ibs), total
nitrogen (28.3 Ibs), nitrate (6.6 Ibs), phosphate (12 Ibs), and chloride (218 Ibs) were
calculated for urban runoff from Nixon.

Domestic Wastes

The potential input of nutrients to the Truckee River from domestic wastes
produced in Wadsworth and Nixon is limited by the sparse populations of those
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communities. Overall, the total production of domestic wastes in Wadsworth and Nixon

can be estimated by multiplying the number of residents in each community by typical per
capita water usage and nutrient concentrations in domestic wastewater. In chapter 4

(section 4.4), we calculated typical nitrogen (9.2 Ibs/yr) and phosphorus (1.6 Ibs/yr)

production rates for individuals living in a residential setting, and we use those estimates

below to determine potential nutrient loading to the river from domestic wastes. Predicted
potential loading rates are then corrected for the efficiency of treatment methods utilized in

each community.

For Wadsworth, the production of domestic wastes probably contributes a negligible
amount of NFS nutrient loading to the Truckee River. The total nutrient content of
domestic wastes produced can be calculated from the number of residents in the vicinity of

Wadsworth (545, D. John, Tribal Manager pers. comm.) and the typical production rates

listed in the preceding paragraph. Using those numbers, the nitrogen and phosphorus
content of domestic wastes in Wadsworth were estimated to be approximately 5000 and

870 Ibs/yr, respectively. However, only a small proportion of the total nutrient content of

the waste produced should be released to groundwater and, subsequently, reach the

Truckee River through groundwater transport. The town of Wadsworth has recently
constructed a lagoon system for the treatment of domestic wastes, which should effectively

remove nutrients from wastewater produced. Currently, approximately half of the homes

in the Wadsworth area are connected to the system, and it is expected that the remainder

should be hooked up this year (D. John, Tribal Manager pers. comm.). Using removal

efficiencies of 80 and 95% for nitrogen and phosphorus (see section 4.4), respectively, in a
lagoon system, the potential contributions of NFS nutrient loading to groundwater and

eventually the Truckee River from domestic wastes in Wadsworth are 1000 (nitrogen) and

44 (phosphorus) pounds per year.

The production of domestic wastes in Nixon has a greater potential to impact

groundwater and the Truckee River than Wadsworth due to a larger population (818, D.

John, Tribal Manager pers. comm.) and a lower level of treatment. For the community of
Nixon, nitrogen and phosphorus produced as domestic wastes were estimated to be
approximately 7530 and 1310 Ibs/yr, respectively. The treatment of domestic wastes

produced in Nixon is through septic tanks at individual homes. For infiltration systems of

wastewater disposal, USEPA (1992b) reported a removal efficiency of 10-80% for nitrogen

and 29-99% for phosphorus. Accounting for nutrient retention in the septic tanks (using
values close to the middle of the reported ranges, 50% for nitrogen and 65% for

phosphorus), potential nitrogen and phosphorus loadings to groundwater from domestic
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wastes in Nixon were calculated to be 3765 and 460 Ibs/yr, respectively. Because there is

a somewhat constant inflow of groundwater to the river downstream of Nixon (see
chapter 6), much of this loading may eventually reach the Truckee River. The impact of
domestic nutrient loading to the river through groundwater inflow cannot be assessed at

this time given the lack of data on groundwater inflow and composition near Nixon.

Commercial Development

The development of commercial operations along the lower Trackee River on the

reservation is extremely limited (D. John, Tribal Manager pers. comm.). Currently, there
are two commercial operations in the Wadsworth area near the reservation boundary.
These are a gravel operation and a cement plant. In the past, there was also a mineral

extraction facility operating within the boundaries of the reservation at Wadsworth, but that
facility is currently vacant (M. Martin, Tribal Environmental Director pers. comm.). All

three of these facilities/operations are located away from the river minimizing the potential
input of NFS pollutants to the Truckee River.

Community Landfills

The disposal of trash and other solid wastes in landfills is the most common
disposal mechanism for those types of wastes used in the United States (Suflita et al.

1992). However, the Tribe no longer utilizes landfills on the reservation to dispose of
solid wastes. In chapter 4, we noted that there were numerous landfill sites throughout the

reservation in the past, but those sites have subsequently been closed and sealed with a
layer of soil (D. John, Tribal Manager pers. comm.). Solid wastes generated on the
reservation are currently deposited at regional transfer sites for transport to Reno for
disposal. Thus, potential NFS inputs of pollutants to surface waters from landfills is

limited to leaching from the old sites. The potential for the release of pollutants from
those sites is minimized by the arid climate of the region (see chapter 4). It is likely that
the leaching of pollutants from past landfill sites contributes a negligible amount of NFS
inputs to the surface and groundwater of the reservation.
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CHAPTER 8

EVALUATION OF NONPOINT SOURCE PROBLEMS

8.0 Chapter Summary

The previous chapters of this assessment report have provided descriptions of

nonpoint source (NPS) inputs to the surface waters of the reservation. In this chapter, we
briefly summarize the different NPS problems on the reservation based on information
provided in earlier chapters and evaluate the importance of each source to water quality.
To evaluate potential NPS problems on the reservation, we developed a conceptual system

with which to rank the different NPS problems based on impacts to water quality of the
lower Truckee River and Pyramid Lake. The relative importance (i.e. rank) of NPS

problems on the reservation is summarized in the final section of the chapter.

8.1 Summary of NPS Problems

There are several nonpoint sources (NPS) which may contribute to water quality
degradation on the reservation including both natural processes and man's activities. In

chapters two through seven of this report, we described NPS inputs on the reservation to
the lower Truckee River and Pyramid Lake. Here, we briefly summarize information

presented in those chapters.

Atmospheric Loading

The atmosphere as a source of NPS pollution to waterbodies has received

considerable attention over the past decade. For Pyramid Lake and the reservation as a
whole, atmospheric loading is primarily a source of nutrients, particularly nitrogen. In
chapter two, we quantified the potential input of nutrients to Pyramid Lake through
precipitation to the surface of the lake, dry fallout of dust, and wind-blown tumbleweeds.
The quantification of atmospheric nutrient loadings to Pyramid Lake indicates that they are

probably a small source of nitrogen, particularly precipitation. Combining the different
pathways, atmospheric loadings of nutrients to Pyramid Lake contribute up to 35 Mg

(77,000 Ibs) of nitrogen and 7 Mg (15,400 Ibs) of phosphorus in an extremely wet year.

CH-08.NPS - 164 October 18, 1994



NFS Rankings DRAFT

For an average year, the input of nitrogen decreases to approximately 25 Mg (55,000 Ibs)
while phosphorus loading remains at approximately 7 Mg due to very low phosphate
concentrations in precipitation. This input of nitrogen to the lake from atmospheric
sources (primarily precipitation) should contribute to the algal production of Pyramid Lake

(Lebo et al. 1994b). Because the lake is managed by the Tribe as a sport fishery, an
increase in nitrogen concentration and hence algal production from its present low nutrient
state is desired. The loading of atmospheric nitrogen to the lake is beneficial at this time
and enhances the desired water qualities for the system (e.g. food for fish).

Ephemeral Streams

Overland and ephemeral (i.e. occasional) stream flows are a common feature in
desert regions following storm events. Stream inflows to Pyramid Lake from storm events
and snowmelt from adjacent mountains are potentially important sources of nutrients, total
dissolved solids (TDS), and sediments to the lake that were discussed in chapter two. To
evaluate loadings of these constituents to Pyramid Lake by stream inflows, comprehensive
surveys of streams flowing into the lake were conducted during February and March of
1993. Dissolved nutrient concentrations in streams discharging to Pyramid Lake during the
February and March 1993 surveys were variable but often quite high in both nitrogen and
phosphorus. Despite the high nutrient concentrations in the streams, the total daily loading
of nutrients to the lake from stream inflows was relatively small due to low total inflow.
The input of nitrogen, phosphorus, and sediment to Pyramid Lake for the two samplings
ranged 40-62, 31-62, and 52,800-120,000 Ibs/day, respectively.

Total nutrient loadings to Pyramid Lake for the February storm event and for
snowmelt were used to estimate annual nutrient loads. Because stream flow around
Pyramid Lake should depend on overall precipitation, we calculated annual values for the
minimum, average, and maximum scenarios used above for precipitation. These are 1.55,
7.56, and 13.7 in/yr, with values corresponding to minimum, average, and maximum
annual precipitation at Reno, Nevada, during 1888-1992. Total annual nutrient loading to
the lake from streams was small for all scenarios, with maximum inputs of nitrogen and
phosphorus of only 3300 and 2640 Ibs/yr, respectively. However, our estimates for stream
inflow to Pyramid Lake are lower than the value reported by Van Denburgh et al. (1973)
in a previous hydrologic survey of the region. Combining our estimate for stream inflow
in an average precipitation year with the one from Van Denburgh et al. yields an input of
3620 acre-ft/yr. This revised value represents a best estimate of stream inflow to Pyramid
Lake in an average precipitation year. Under this revised scenario, streams contribute
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small amounts of nutrients, TDS, and sediment to Pyramid Lake. The input of TDS and
sediment to the lake from ephemeral streams may adversely affect water quality while
nutrients will be beneficial at this time (see atmospheric loading).

Groundwater to Lake

Groundwater inputs to Pyramid Lake are poorly characterized but have generally
been considered to be relatively small (see chapter 2). Nutrient and TDS loadings to
Pyramid Lake through groundwater inflow were calculated from a revised estimate of
inflow and representative groundwater nutrient and TDS concentrations, dissolved
inorganic nitrogen (DIN) and phosphate (DRP) concentrations used in the calculation were
for the public well in Sutcliffe which were 0.32 and 0.065 mg/L, respectively. Annual
loading rates of nutrients and TDS through groundwater inflow were calculated by
multiplying total inflow by its nutrient and TDS concentrations. Groundwater loading rates
for DIN, DRP, and TDS were 10.1, 2.1, and 10,'200 tons per year, respectively, indicating
that groundwater may contribute to lower water quality by contributing to increasing TDS
concentration in Pyramid Lake.

Guanomi Mine

We assessed the potential contamination to Pyramid Lake waters from Guanomi
Mine by collecting soil and water samples at the site in May 1993 (see chapter 3). Surface
water at the site on the sampling date was limited to the mouth of a mine shaft and a
seepage stream. In the water samples collected from those two locations, major earth
elements of iron, aluminum, and calcium comprised the bulk of ions measured. The
sample from the mine shaft also contained manganese (8.7 mg/L), copper (5.8 mg/L), and
zinc (4.2 mg/L). It is noteworthy that the composition of the water collected from the
mouth of the mine shaft probably reflects particle-bound metals, as indicated by high iron
and aluminum concentrations. Metal concentrations in the seepage stream, with the
exception of manganese (1.9 mg/L), were all <1 mg/L. The stream did contain small
concentrations of copper (0.04 mg/L) and zinc (0.68 mg/L), which are 2-5 times higher
than guidance values provided by the U.S. Environmental Protection Agency. However,
the stream disappeared into the arid soil at the site after only 30 feet and did not reach the
lake shoreline.

For the soil samples collected, several of the elements were at or near the detection
limit in all samples. This includes both cadmium and mercury, which are of potential
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regional and national concern. For the metals which were detected, it is interesting that

the soil content in the lake shoreline sample was actually higher than any of the four piles
containing soil excavated from the mine shaft (mine tailings). This includes arsenic,

barium, chromium, manganese, strontium, vanadium, and zinc. The only metal that was

higher in the piles than in the soil collected from the lake shoreline was lead, which was

threefold higher in the tailing piles. This suggests that erosion of soil from the mine
tailing piles could be a source of lead to the lake. Soil samples collected along a transect

between the mine site and the present day lake shoreline revealed that there was a trend of

increasing content toward the lake for many metals. This includes aluminum, cobalt,
nickel, copper, zinc, chromium, vanadium, arsenic, barium, strontium, and manganese.

Our assessment of the Guanomi Mine site indicates that the mining activity that has

taken place has probably had a minimal effect on the transport of metals to the lake.

Indeed, many of the elements for which soils were analyzed were highest along the current
lake shoreline. The exception to that pattern is lead which was much higher in the tailing

piles than near the lake. However, the highest soil content of lead was actually found in

the soil profile collected near the seepage stream. This suggests that the relatively high

lead content of soils at the mine site is probably associated with the mineral outcropping
rather than localized to the tailing piles. It is likely that the contamination potential from

the site is not different from mineral outcroppings located throughout the Pyramid Lake

basin. This suggests that potential nonpoint source lead input to the lake is not localized

to the Guanomi Mine site but regional in nature. However, it is possible that the
construction of mine shafts into the hillside has facilitated aqueous phase metal transport

during winter storms. M. Martin (Director, Tribal Environmental Department pers. comm.)

indicated that runoff from the site following a recent storm event was acidic (pH < 1).

The Tribe should continue monitoring the site during this coming winter to better assess
the potential threat of runoff from the site (see chapter 10).

Sutdiffe Fish Operations

The Tribe operates several fish hatcheries and a rearing facility near Sutcliffe to

support the cui-ui and trout population of Pyramid Lake. The two freshwater facilities are

located to the southwest of Sutcliffe approximately one half mile from the shoreline of the

lake. Because the facilities discharge wastewater to .a lagoon system, the impact on
Pyramid Lake from the small amount of water used at the facilities (35 gal/min) for
several months each year is probably negligible. The shoreline fish rearing facility has a

greater potential impact of the lake due to its location on the shoreline of Pyramid Lake
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and its direct discharge to the lake. It is important to note that the discharge from the
shoreline to the lake is used to attract adult fish into the constructed channels of the
facility during the breeding season. A sampling of the nutrient content of water from the
discharge channel to the lake in February 1993 revealed concentrations of dissolved
inorganic nitrogen (nitrate and ammonium) and phosphate similar to lake waters. This
suggests that water discharged from the facility should not stimulate algal growth near its
outfall. However, the facility may be an important source of organic nitrogen to the lake.

Lake Shoreline Grazing

The grazing of cattle along the shoreline of Pyramid Lake is another potential small
source of nutrients to the lake. When cattle are moved to their summer ranges around the
lake, animal wastes associated with foraging along the lake's shoreline potentially
contributes to total nutrient loading to Pyramid Lake. It is estimated that cattle contribute
5750 Ibs of nitrogen and 1920 Ibs of phosphorus to the lake annually. The potential
loading of nutrients to the lake from livestock manure will probably be reduced in the
future due to movement of cattle to new grazing ranges as water sources are developed.
Livestock manure is also a potential source of bacterial contamination to the lake. It is
important to note that summer range includes the river delta (see Riparian Grazing along
River).

Sutdiffe Domestic Waste

The potential contribution of nutrients to groundwater and eventually Pyramid Lake
through domestic wastewater produced in Sutcliffe was estimated to be a small source of
nitrogen. Based on the present population of Sutcliffe (240 individuals) and typical
characteristics of wastewater production, the total nutrient content of domestic wastewater
was calculated to be 2220 and 380 Ibs/yr of nitrogen and phosphorus, respectively. The
potential for transport of the nutrient content of the wastes produced to Pyramid Lake
through groundwater is reduced considerably by treatment of the wastewater in a lagoon
system. Through treatment in the static lagoon system used by the community of Sutcliffe,
potential nutrient loading to Pyramid Lake is reduced to 444 Ibs/yr of nitrogen and only 19
Ibs/yr of phosphorus. Domestic wastes in Sutcliffe are also a potential source of bacterial
contamination to the lake. However, effective treatment of the waste in the lagoon
systems should reduce potential bacterial contamination to a negligible level.
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Sutcliffe Urban Runoff

The volume of urban runoff from the community of Sutcliffe to Pyramid Lake was

estimated using the Rational Method (see section 4.4). Based on 11 land-use categories

and an average rainfall of 0.65 ft/yr, total urban discharge to the lake was calculated to be
6.6 acre-ft per year. Pollutant loads to Pyramid Lake from Sutcliffe urban runoff were

predicted from total discharge and water quality information for runoff from various

land-uses (TRPA 1977; CSWRCB 1980). Annual loads were determined for sediment
(5880 Ibs), total nitrogen (20 Ibs), nitrate (4.2 Ibs), phosphate (9 Ibs), and chloride (161

Ibs). These loads are extremely small indicating that urban runoff from Sutcliffe is an

insignificant source of sediments, nutrients, and dissolved salts. Runoff of toxic

compounds is also probably negligible.

Landfills

For the reservation, the potential impact of pollutants leaching from landfills on

surface waters is small due to the arid climate of the region and the recent closure of all
landfill sites to solid waste burial. In the past, there were as many as 50 different sites

throughout the reservation in which solid wastes were buried (D. John, Tribal Manager

pers. comm.). These sites have now all been closed and sealed with a layer of soil.

Presently, the Tribe exports solid wastes generated on the reservation to a site near Reno.

Our assessment of the potential for release from the old sites is low due to arid conditions

on the reservation which limit degradation and transport of pollutants.

Lake Recreation

The uses of Pyramid Lake and its shoreline for recreational purposes are some of

the primary sources of income to the Tribe. The lake is a prime area for camping, boating,

swimming, and fishing for Tribal members and visitors from the surrounding communities.

On a typical summer weekend, the lake receives 6000-10,000 visitors, and the total number

of individuals using the lake can exceed 20,000 during peak periods (M. Hartog, Tribal

Ranger pers. comm.). The estimated number of total visitors to the lake on an annual
basis is 100,000, with approximately equal numbers in the summer and fall-spring fishing

seasons. Recreational activities around Pyramid Lake have several potential impacts on the
lake including nutrient loading and sediment transport to the lake. However, nutrient and

sediment loadings should be minimal due to the distribution of portable toilet facilities at
areas around the lake receiving heavy use and low rainfall. Perhaps, the most important
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potential sources of NFS pollution to the lake are through boating and jetski activities at
the Marina and throughout the lake. Potential inputs to the lake from boating activities
include petroleum products such as gas and oil and the leaching of metals from structures

at the Marina, but data to directly assess the impacts of these recreational activities on

Pyramid Lake are lacking.

Upstream Sources

There are a multitude of potential NPS inputs to the Truckee River upstream of the

reservation, and it is beyond the scope of this assessment for the reservation to attempt to
quantify them. Here, we simply try to give a general characterization of upstream

activities within the Truckee River basin for comparison with priority pollutant scans

conducted during August 1993. Further, our characterization of the region only extends to

changes in regional population and generalizations about commercial activities, which have
intensified over the past four decades. Since 1950, the population of the region (Washoe

County) has expanded from 50,205 to over 250,000 (Andriot 1983; Nevada State

Demographer's Office 1991). Concurrent with the population increase has been a

corresponding increase in the production of domestic wastewater and NPS inputs through
urban runoff. These are both part of Nevada's water quality programs. Commercially, the

region depends heavily on service industries for employment, with only small (<1% in

1975) contributions from agriculture and mining operations (US EPA 1976).

Manufacturing (6%) and construction (7%) jobs also contribute substantially to commercial
activities.

A survey of the concentrations of potentially toxic organic compounds and metals

in the Truckee River on the reservation was conducted during August 1993 to assess

impacts of urban activities on the water quality of the river. The concentrations of

potentially toxic compounds in Truckee River waters were low for all samples. Volatile

organic compounds and pesticides were not detected in any of the samples collected. In

addition to no pesticides and volatile compounds in the samples, only three metals of
potential concern were detected. These are arsenic (As), zinc (Zn), and copper (Cu). For

arsenic and zinc, the measured concentrations appear to be affected by inputs both

upstream and within the reservation boundaries. Organic compounds detected in the

samples were limited to hexanedioic acid, phthalate compounds,, and unknown
hydrocarbons. Generally, the concentrations of the detected compounds were low

indicating minimal inputs The general lack of metal and organic compounds in the
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Truckee River as it enters the reservation indicates that upstream urban development has
not caused a widespread toxic contamination of river waters.

Herman Ditch

The irrigation of croplands along the floodplain of the Truckee River potentially

affects water quality along many stretches of the river. Herman Ditch, is of particular

importance to this study due to its discharge back to the river just upstream of the town of

Wadsworth. Data are available for Herman Ditch as part of a study currently being conducted

by the Desert Research Institute (DRI) of the University of Nevada in Reno (D. Cockrum

pers. comm.). The description of the project and some initial results presented below are

taken from quarterly progress reports obtained from Nevada Division of Environmental
Protection and DRI. An examination of the impact of Herman Ditch on the water quality in
the Truckee River was prompted by unexplained increases in total phosphorus (and

phosphate) and nitrate along the Wadsworth stretch of the river.

For the 1993 season, approximately 380 acres of cropland were flood irrigated from
Herman Ditch to grow alfalfa and grasses. Water usage along the ditch involved alternating

periods of 1-3 weeks of use followed by 1-2 weeks in which the diversion was dry. Overall,

2671 acre-ft of water was diverted from the Truckee River of which 14% (370 acre-ft) was

returned through the discharge to the river. Flow in the ditch was highly variable and could
range from 0 to 7 cfs over a 24 hour period, with discharge back to the river equally variable

over time. Nutrient concentrations in the return flow to the river are typically high in total

nitrogen (TN) and phosphorus (TP); the average flow weighted concentrations for TN and

TP for 1993 were 1.5 and 0.3 mg/L, respectively. D. Cockrum estimated that the total
nitrogen and phosphorus loadings to the Truckee River from Herman Ditch were 1531 and

277 pounds, respectively. Low concentrations of dissolved inorganic nitrogen (nitrate and

ammonium) in Herman Ditch discharge during the 1993 study suggest that the majority of the

nitrogen load may be as organic nitrogen. The DRI study also showed that the Herman Ditch

return flow to the river was also very low in dissolved oxygen.

Fernley Groundwater

The largest source of groundwater to the river occurs downstream of Wadsworth

through the Fernley flow system. As of the early 1980's, there were 4000 acres of cropland in

the Fernley farm district under cultivation by flood irrigation. Bratberg et al. (1982) reviewed

the water balance for the Fernley area and concluded that the area receives approximately
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13,000 AF/yr of groundwater recharge through snowmelt, irrigation, and canal leakage. The
largest source of groundwater recharge in that region was through irrigation, which was

clearly indicated by a mound in the water table of up to 15 feet under the farming district

during the irrigation season. The authors estimated the flow of groundwater from the Fernley

area to Wadsworth based on the hydrologic characteristics of the system . The Fernley flow
system was predicted to contribute 5250 AF/yr to Truckee River flow through groundwater

accrual downstream of Wadsworth. In an earlier study, Van Denburgh et al. (1973) predicted

a somewhat lower contribution of groundwater (4000 AF/yr) to the Truckee River from the

Fernley system. The difference between the two estimates is entirely due to one of the
coefficients used in the calculation, with the latter estimate by Bratberg et al. based on
updated information on the transmissivity of soils between Fernley and Wadsworth.

Surveys of Truckee River water quality conducted during May-July 1994 indicated
large increases in total dissolved solids (TDS) and nitrate concentrations downstream of
Wadsworth where groundwater from Fernley enters the river. The observed spatial
distributions for TDS concentration for our 1994 study are consistent with previous studies

of the river indicating a large TDS input by Fernley groundwater. The contribution of
TDS loading to the river via groundwater from Fernley was estimated by multiplying
average inflow (i.e. 7.2 ft3/sec) by the TDS concentration of average groundwater inflow to
the river in that region (726 mg/L, Bratberg et al. 1982). TDS loading through the Fernley

flow system was calculated to be 28,320 Ibs/day.

Wadsworth Irrigation

River water quality data collected during 1994 were used to estimate total inflow to

the river downstream of Wadsworth. For eight sampling dates, changes in the composition
of Truckee River waters along the Wadsworth stretch of the river indicated the input of

14±3.7 ftVsec (cfs, mean±std. dev.). A comparison of estimated inflow during the 1994

irrigation season with estimated inflow from Fernley (7.2 cfs) reveals that a large fraction

of total inflow may -be contributed by return flows from irrigation of croplands within the
floodplain of the river. Further, the installation of drainage pipes under several fields north
of Wadsworth should facilitate the movement of excess irrigation water back to the river
with its accompanying TDS and nitrate concentrations.
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Wadsworth Domestic Waste

The potential input of nutrients to the Truckee River from domestic wastes
produced in Wadsworth is limited by the sparse population (545) of that community.

Overall, the total production of domestic wastes in Wadsworth can be estimated by

multiplying the number of residents in the community by typical per capita water usage
and nutrient concentrations in domestic wastewater. The production of domestic wastes in

Wadsworth probably contributes a negligible amount of NFS nutrient loading to the
Truckee River. The total nitrogen and phosphorus content of domestic wastes in

Wadsworth were calculated to be approximately 5000 and 870 Ibs/yr, respectively.
However, only a small proportion of the total nutrient content of the waste produced
should be released to groundwater and, subsequently, reach the Truckee River through
groundwater transport. The town of Wadsworth has recently constructed a lagoon system

for the treatment of domestic wastes, which should effectively remove nutrients from
wastewaters produced. Using removal efficiencies of 80 and 95% for nitrogen and
phosphorus (see section 4.4), respectively, in a lagoon system, the potential contributions

of NFS nutrient loading to groundwater and eventually the Truckee River from domestic
wastes in Wadsworth are 1000 (nitrogen) and 44 (phosphorus) pounds per year.

Wadsworth Urban Runoff

The volume of urban runoff from the community of Wadsworth to the Truckee
River was estimated using the Rational Method (see sections 4.4 and 7.4). Based on 23
land-use categories and an average rainfall of 0.55 ft/yr, total urban discharge to the river
was calculated to be 16.5 acre-ft per year. Pollutant loads to Truckee River from

Wadsworth urban runoff were predicted from total discharge and water quality information
for runoff from various land-uses (TRPA 1977; CSWRCB 1980). Annual loads were
determined for sediment (24,000 Ibs), total nitrogen (40 Ibs), nitrate (8.4 Ibs), phosphate
(20 Ibs), and chloride (400 Ibs). These loads are extremely small indicating that urban

runoff from Wadsworth is an insignificant source of sediments, nutrients, and dissolved

salts. Runoff of toxic compounds is also probably negligible.

Numana Hatchery

The Tribe operates a freshwater hatchery facility (Numana Hatchery) along the

Dead Ox Meadows stretch of the river to support the development of a thriving Lahontan
cutthroat trout population in Pyramid Lake. The facility utilizes groundwater as a water
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supply and employs water recycling technology to reduce the total amount of water needed
to rear the trout. Even with efficient water recycling, Numana Hatchery discharges
approximately 250 gal/min of wastewater (P. Wagner, Director, Pyramid Lake Fisheries

pers. comm.), with suspected nitrogen and phosphorus concentrations of 2.8 and 0.4 mg/L,

respectively. Based on these suspected concentrations, the hatchery potentially contributes

10 Ibs of nitrogen and 1.4 Ibs of phosphorus to the river per day. Because the effluent is
discharged to land adjacent to the river, the actual loading of nitrogen and phosphorus to

the river will be lowered through soil retention and biological utilization. The potential

impact of the nitrogen content of the hatchery effluent will probably be further reduced in
the future due to the construction of a wetland to treat the discharge. The project is
currently being implemented at Numana Hatchery to evaluate the effectiveness of an
engineered wetland environment to remove nitrogen from the hatchery's effluent (see
chapter 9).

Dead Ox Groundwater

Previous water quality studies of the Truckee River have identified Dead Ox
Meadows as a region of important groundwater inflow (e.g. Bratberg et al. 1982). The
source of water entering the river along Dead Ox Meadows has been attributed to

snowmelt from the Pah Rah Mountains to the west of the river along Dodge Flat. The

mountains in that region receive approximately 43,000 acre-ft (AF) of precipitation
annually which Bratberg et al. calculated should produce a groundwater inflow to the river
of 1250 AF/yr (Maxey-Eakin method). An additional 100 AF/yr was estimated to enter
the river from the eastern side. Converting total annual input (1350 AF/yr) to a flow rate

yields a value of 1.9 ft3/sec (cfs). We estimated total groundwater inflow along the Dead

Ox Meadows stretch of the river for eight sampling dates during May-July 1994 from
changes in the composition of river waters. For the sampling dates, mean inflow to Dead

Ox Meadows was calculated to be 3.112.2 cfs (mean±std.dev.). Because the groundwater
inflow to that region is high in total dissolved solids (TDS), it is a large source of TDS to

the river.

Nixon Irrigation

Downstream of Nixon, the water quality data from May-July 1994 indicate that
irrigation of croplands affects both nutrient and TDS concentrations of river waters. For
data from May 18, there were steady increases in conductivity, nitrate, and phosphate

concentrations between river miles 110 and 116, which occurred despite high river flow
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(1050 cfs) recorded for that date (U.S. Geological Survey, Carson City, Nevada). When
the water usage records are examined for May 1994, croplands along regions 7-10 were
irrigated during May 11-19, particularly in regions 9 and 10. Thus, there is a

circumstantial correspondence between the irrigation of croplands downstream of Nixon

and changes in river water quality. It is noteworthy that spikes in nitrate data along the

river in the vicinity of Nixon may also be explained by subsurface return flow from
irrigated croplands (see Fig. 5.11); the nitrate spike following transect #6 at station 5 in

Nixon corresponded to a date in which croplands were irrigated along region 8 the

preceding week.

The water quality data collected during 1994 indicate that changes in the
composition of Truckee River waters downstream of Nixon occur throughout the irrigation

season. Plots of the change in conductivity and phosphate concentrations in regions

downstream of Nixon indicate increases in both constituents throughout the May-July study
period, with larger increases at low flow (<100 cfs, transects 5-8). The only exception to

this pattern is a decrease in conductivity on June 28 (#6) following a period in which

extensive irrigation of croplands occurred. It is possible that conductivity at station 5 on

that date may have been elevated due to return flow of high conductivity water from two

fields close to the sampling location which were flooded during June 26-28. With the
exception of conductivity on that date, both conductivity and phosphate increased

downstream of Nixon for all eight sampling dates. This suggests that the input of

subsurface irrigation return flow to the river downstream of Nixon may occur slowly over

time rather than immediately following the flooding of adjacent fields (with some
exceptions). Thus, groundwater inflow to the river due to irrigation of croplands

downstream of Nixon may be somewhat continuous throughout the irrigation season,

contributing to the TDS and phosphorus load of the river.

Nixon Domestic Waste

The production of domestic wastes in Nixon may have a small impact on
groundwater in that region and the Truckee River. It is potentially the largest source of
domestic wastes to surface waters and groundwater on the reservation due to its larger

population (818, D. John, Tribal Manager pers. comm.) and a lower level of treatment

relative to Sutcliffe and Wadsworth. For the community of Nixon, nitrogen and

phosphorus produced as domestic wastes were estimated to be approximately 7530 and
1310 Ibs/yr, respectively. The. treatment of domestic wastes produced in Nixon is through

septic tanks at individual homes. For infiltration systems of wastewater disposal, USEPA
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(1992b) reported a removal efficiency of 10-80% for nitrogen and 29-99% for phosphorus.
Accounting for nutrient retention in the septic tanks (using values close to the middle of
the reported ranges, 50% for nitrogen and 65% for phosphorus), potential nitrogen and
phosphorus loadings to groundwater from domestic wastes in Nixon were calculated to be
3765 and 460 Ibs/yr, respectively. Because there is a somewhat constant inflow of

groundwater to the river downstream of Nixon (see chapter 6), much of this loading may
eventually reach the Truckee River. The impact of domestic nutrient loading to the river

through groundwater inflow cannot be assessed at this time given the lack of data on
groundwater inflow and composition near Nixon.

Nixon Urban Runoff

The volume of urban runoff from the community of Nixon to the Truckee River
was estimated using the Rational Method (see sections 4.4 and 7.4). Based on 18 land-use

categories and an average rainfall of 0.63 ft/yr, total urban discharge to the river was

calculated to be 11.4 acre-ft per year. Pollutant loads to the Truckee River from Nixon
urban runoff were predicted from total discharge and water quality information for runoff
from various land-uses (TRPA 1977; CSWRCB 1980). Annual loads were determined for

sediment (10,500 Ibs), total nitrogen (28.3 Ibs), nitrate (6.6 Ibs), phosphate (12 Ibs), and

chloride (218 Ibs). These loads are extremely small indicating that urban runoff from
Nixon is an insignificant source of sediments, nutrients, and dissolved salts. Runoff of
toxic compounds is also probably negligible.

Riparian Grazing along. River

Livestock grazing along the lower Truckee River on the reservation is potentially an

important source of NTS pollution during winter months. Currently, cattle are moved from
summer ranges around the reservation to farms along the floodplain of the river during fall
of each year. The cattle spend the winter months on the fields along the river and then are
moved back to summer ranges the following spring. Through the partial implementation
of a range management plan, the Tribe has already begun to address potential impacts from
the cattle on the Truckee River (see chapter 9). The stretch of the river downstream from
Wadsworth has been fenced to restrict livestock access to riparian zones, and the Tribe is
working on providing alternative winter rangeland for the cattle. When the range
management plan has been fully implemented, the impacts of livestock on the river should
be minimal due to a limited presence of cattle within the floodplain. Currently, potential
nutrient loadings to the Truckee River from winter foraging of cattle on fields along the
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river were estimated to be 7500-15,000 Ibs of nitrogen and 2600-5100 Ibs of phosphorus.
These loadings will be greatly reduced when alternative winter pasture is available for the
cattle.

One area of the river where cattle exclusion is probably less important is the delta
region. The delta is currently a rich rangeland for cattle which is flat (low erosion

potential) and vegetated with native grasses. Although restriction of cattle from the delta

would probably reduce nutrient loading to the lake by a small amount, those nutrients are

beneficial to the fish population of the lake by stimulating adequate algal growth.

Movement of cattle from the delta should receive low priority compared with other regions

of the river.

8.2 Description of Ranking Criteria

The potential NFS problems on the reservation briefly described in section 8.1 were

evaluated based on a conceptual ranking system developed as part of this project. The

system was designed to take into account the waterbody affected, the types of water

quality problems, and the likelihood of successfully abating adverse effects on water
quality. Overall, the importance of the each NPS source was evaluated by assigning

qualitative numeric scores to seven criteria categories and summing the cumulative score

for all categories. By utilizing a number of selection criteria, the system summarizes both

the relative importance of different NPS problems on the reservation and the types of
water quality problems associated with each source. The maximum possible score for any

NPS problem is 25 points. It is noteworthy that points are only awarded for NPS inputs

that are perceived to have a detrimental effect on water quality. For example, nutrients

may have a positive or negative impact on water quality, depending on the timing and
circumstances of their input. Further, points for likelihood of successful abatement are

only awarded if a problem exists.

The first two criteria in the ranking system are the impacts of the NPS problem on

the water quality of Pyramid Lake and the lower Truckee River. For each NPS source, a
score of 0 to 5 is given for potential impacts on the Truckee River (criterion 1). An

additional 0 to 5 points are awarded for the impact of the NPS problem on the water

quality of Pyramid Lake (criterion 2). We segregate potential impacts on the river from

the lake to elevate the importance of NPS problems that affect both water bodies. It also

provides information to the Tribe on the waterbody affected by each NPS problem.
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Criteria 3 through 6 in the NPS ranking system provide information on the types of
water quality problems affected by each NFS problem. These are: (3) nutrients, (4) total
dissolved solids, (5) toxic compounds, and (6) other problems as specified. For each of
these criteria, NFS problems are assigned a score of 0 to 3 points. We distinguish the
different types of water quality problems from each other to emphasize that NFS inputs
affecting more than one area generally represent a greater risk to overall water quality.
The segregation of the different types of problems also provides more information on how
the NFS problem affects water quality on the reservation.

The final evaluation criterion used in the ranking system is the likelihood of
successful abatement of the water quality impacts from a NPS problem. For each potential
problem, a score of 0 to 3 is assigned based on best professional judgment as to how
effective Best Management Practices will be in alleviating water quality impairment from
the NPS input. This last category is included to help focus the scarce resources of the
Tribe and potential funding sources on areas in which the most benefit can be achieved. It
is important to note that category 7 is only used if a problem exists.

8.3 Ranking of NPS Problems

Our assessment of NPS pollution on the reservation indicates that NPS inputs have
a greater impact on the water quality of the Truckee River than Pyramid Lake. Table 8.1
summarizes the scores for each of the 22 potential NPS problems described in the first
section of this chapter. The first 10 sources listed directly affect Pyramid Lake while the
remaining 12 affect the Truckee River. It is noteworthy that inputs to the river may also
degrade water quality in the lake through discharge from the river to Pyramid Lake. In
fact, the NPS problems with the greatest impact on Pyramid Lake water quality all
originate along the Truckee River. These are upstream inputs (#11), Fernley groundwater
inflow (#13), irrigation of croplands downstream of Wadsworth (#14), and groundwater
inflow along Dead Ox Meadows (#18). Overall, the top nine NPS problems on. the
reservation affect the water quality of the Truckee River. It is important to restate that
each score reflects both water quality problems and the likelihood for successful abatement
of the problems.

The largest NPS problems are associated with agricultural activities on and off the
reservation involving the irrigation of croplands (Table 8.1). Indeed, five of the top nine
problems from our assessment (score > 5) are affected by return flows from irrigated
fields. These include upstream sources (#11), Herman Ditch (#12), Fernley groundwater
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Table 8.1. Summary ranking of NFS problems on the Pyramid Lake Paiute Indian
Reservation. Problems listed correspond to the one described in section 8.1. The ranking
categories are: (1) Impact on Truckee River, (2) Impact on Pyramid Lake; (3) Nutrient
input; (4) TDS input; (5) Toxic inputs; (6) Other inputs as specified; (7) Likelihood that
the problem can be abated (if one exists). The number in parentheses for each category
indicates the maximum possible score for that category. The final column lists the
summation of the 7 ranking criteria. Other inputs affecting water quality on the reservation
include: sediment loading (#2, #6, #11, and #22), bacterial contamination(#6, #11, and
#22), acid drainage (#4), and habitat destruction (#6 and #22). Total scores in bold indicate
values of 4 or more.

No. Problem Description Total

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

17
18
19
20
21
22

Atmospheric Loading
Ephemeral Streams
Groundwater to Lake
Guanomi Mine
Sutcliffe Fish Operations
Lake Shoreline Grazing
Sutcliffe Domestic Waste
Sutcliffe Urban Runoff
Landfills
Lake Recreation
Upstream Sources
Herman Ditch
Femley Groundwater
Wadsworth Irrigation
Wadsworth Domestic Waste
Wadsworth Urban Runoff
Numana Hatchery
Dead Ox Groundwater
Nixon Irrigation
Nixon Domestic Waste
Nixon Urban Runoff
Riparian Grazing along River

0
' 0

0
0
0
0
0
0
0
0
3
2
3
2
1
0
1
2
1

1
0
2

0
1
1
1

0
1
0
0
0
1
2
0
3
2
0
0
0
2
1

0
0
0

0
0
0
0
0
0
0
0
0
0
2
1
2
1
1

0
1
0
1
1
0
1

0
1
1
0
6
0
0
0
0
0
2
0
2
1
0
0
0
2
1

0
0
0

0
0
0
1
0
0
0
0
0
1
1
2
0
1
0
0
1
0
0
0
0
0

0
1
0
1
0
1
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
2

0
1
0
1
0
2
0
0
0
1
2
2
1

2
3
0
2
1
1

1
0
3

0
4
2
4
0
4
0
0
0
3
13
7
11
9
5
0
5
7
5

3
0
8
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(#13), Wadsworth irrigation (#14), and Nixon irrigation (#19). As noted above, the
majority of these sources also affect the water quality of Pyramid Lake primarily through
the transport of TDS to the lake. The primary factors contributing to high scores for the
irrigation sources include the input of nutrients, the input of TDS, and the likelihood for
successful abatement of the problem. For Herman Ditch, potential toxicity to river water,
due to low oxygen concentrations in return flow also contributes to a higher score.

Cattle grazing is also an important potential NPS problem to the water quality of
both the Truckee River and Pyramid Lake (Table 8.1). For the lake, cattle grazing along
the shoreline of the lake was actually tied with ephemeral streams as the most important
NPS problem within the Pyramid Lake basin. It is noteworthy that one of the main factors
contributing to high scores for grazing along the river (#22) and shoreline of the lake (#6)
was the likelihood that the problem could be successfully abated. Indeed, the Tribe has
already begun this process and will continue to reduce the impacts of cattle on both
waterbodies through the implementation of a range management plan (see chapter 9).

NPS problems associated with urban development on the reservation are of minor
importance to water quality degradation (Table 8.1). For the communities of Sutcliffe
(#7-8), Wadsworth (#15-16), and Nixon (#20-21), NPS pollution associated with urban
runoff, domestic wastes, and landfills generally received low scores (<3). The single
exception was for domestic wastewater produced in Wadsworth, which received a value of
3 for the category quantifying the likelihood of successful abatement. It is important to
note that the Tribe has addressed the problem through a recent upgrade in the treatment of
domestic wastewater produced in Wadsworth to a lagoon system. The score of 3 was
chosen to reflect that upgrade in treatment Urban development upstream of the
reservation is an important factor affecting water quality and the high score for upstream
sources (#11) is partially due to urban development in the Truckee Meadows area.

Natural sources were generally of minor importance to water quality problems on
the reservation (Table 8.1). This is especially true for the lake where the input of nutrients
is beneficial due to the current nutrient deficient state of the lake (e.g. Lebo et al. 1993b).
For the river, the input of groundwater along Dead Ox Meadows (#18) is an important
natural source of TDS loading to both the river and lake. Other than groundwater input
along Dead Ox Meadows, natural sources of NPS inputs to the lake and river received
scores of 4 or less.
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CHAPTER 9

PARTICIPATION OF THE PYRAMID LAKE PAIUTE TRIBE

IN NONPOINT SOURCE ABATEMENT PROJECTS

9.0 Chapter Summary

The previous chapter clearly showed that the most serious nonpoint source (NFS)
problems on the reservation are located along the Truckee River. In that chapter, we
included brief descriptions of the different NPS problems and ranked them according to a
conceptual ranking system. The purpose of this' chapter is to describe past and present
efforts by the Tribe to address NPS problems affecting the water quality of Pyramid Lake
and the lower Truckee River. These effort involve cooperation with federal and state
agencies, participation in meetings to develop restoration strategies for the river, NPS
abatement projects on the river and around the lake, and restoration projects to stabilize
and restore river habitat.

NPS problems due to their diverse nature occupy a multitude of different scales.
For the reservation, NPS inputs to surface waters involve local effects such as streambank
erosion, activities within the Truckee River floodplain, and regional urban and agricultural
activities. Thus, solutions to the different problems require the Tribe to work both on the
reservation to abate NPS inputs and in cooperation with the surrounding communities. The
descriptions presented below have been taken from previous reports, current NPS
proposals, and conversations with Tribal employees, particularly Paul Wagner (Director,
Pyramid Lake Fisheries).

9.1 Identification of Problems

The Tribe has been active in the identification of water quality problems on the
reservation over the past decade. To provide the technical expertise for the assessments,
the Tribe has worked with and encouraged studies by various agencies, consultants, and
academic institutions. The Tribe has also participated in regional working groups to
develop restoration strategies for the Truckee River both upstream of and on the
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reservation. One of the primary focuses of the Tribe's efforts has been to develop the
scientific foundation upon which to base water quality management decisions.

Range Management Plan

One of the early efforts by the Tribe to address potential NFS problems was the
development of a range management plan for cattle grazing on the reservation. The
technical expertise for the development of the plan was provided by the Reno Office of the
Soil Conservation Service (SCS 1988), working with the Pyramid Lake Cooperative Cattle
Association. In addition to goals designed to increase the profitability of cattle operations
on the reservation, the plan sought to protect rangeland soils from erosion and provide
maximum watershed benefits. The range management plan also expressed the desire by its
participants to manage livestock grazing in ways that compliment other uses of the
rangeland including fish and wildlife production.

The plan included needed changes to livestock grazing practices on the reservation
and rangeland improvements. Some of the rangeland improvements recommended by SCS
include the development of springs to provide additional watering sites for the cattle,
fencing of regions to restrict cattle movement and destruction of habitat, and seeding of
areas with perennial forage. The range management plan also recommended the
adjustment of stocking rates of cattle on rangeland so that only 50-70% of the annual
forage growth was consumed.

Many of the components of the range management plan have been or are currently
being implemented by the Tribe. These include fencing along the river to restrict cattle
access, development of alternative winter rangeland, improvement and development of
springs as sources of water away from Pyramid Lake, and fencing of selected regions
around the lake. Descriptions of these range development to reduce the impacts of cattle
on the water quality of the Truckee River and Pyramid Lake are provided in the next
section. When the recommendations of the range management plan are fully implemented
some time in the future, the reservation should provide high quality rangeland for cattle
with minimal disturbance to either the river or Pyramid Lake.

Jones and Stokes Report

In the late 1980's, the Tribe commissioned consultants from Jones and Stokes
Associates to develop a restoration plan for the lower Truckee River on the reservation
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(Jones and Stokes 1990). The condition of habitat along the river was (and continues to
be) highly degraded due to modifications to the upstream channel and lowering of the
elevation of the discharge to Pyramid Lake (lake level drop). The Tribe desired to begin
restoration of river habitat for wildlife and as spawning and rearing grounds for the

Pyramid Lake fishery, but it did not know where to begin on the awesome task. In

addition, the Jones and Stokes report provided information to a concurrent reconnaissance
survey of the river by the Army Corps of Engineers (see below).

The Jones and Stokes report provided an initial restoration plan to begin the

recovery of the riparian ecosystem. The primary restoration objective of the study was to
begin to stabilize the riverbanks of the system and reestablish riparian vegetation along the
river. Indeed, the study put forth the concept that the development of the riparian corridor
along the river will carry the system's recovery. Accordingly, the study reinforced the
need to fence the river to protect the development of cottonwood samplings from livestock
grazing. It also provided an evaluation of the technique of pole planting of cottonwoods at

selected locations along the river. As a result of that evaluation, the Tribe modified its
tree planting program along the river, which resulted in much greater survival of the

cottonwoods planted.

Army Corps Reconnaissance

A study examining the restoration needs of the lower Truckee River was authorized

by the U.S. Senate Committee on Environmental and Public Works in June 23, 1988. The
authority of this reconnaissance study to be conducted by the Army Corps of Engineers
was expanded in 1990 with the passage of Truckee-Carson-Pyramid Lake Water Settlement
Act (Public Law 101-618). The Army Corps study examined several aspects of the
restoration of the river to a self-sustaining system. These include: fish and wildlife habitat

improvements, flood control and erosion control needs, modifications in the structures and

operation of previously completed projects to improve the quality of the environment, and

fish passage of Truckee River delta into the river. The study was coordinated with the
Tribe and several state and federal agencies.

The initial study was completed in February 1992 (USAGE 1992) and identified
several feasible alternatives to restore the environmental resources of the lower river. The
measures identified include physical channel modifications, water diversion structures, fish

passage facilities, alternative flow regimes, and vegetation habitat management. In
addition, the Army Corps of Engineers will be initiating a second reconnaissance study of
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the river to further evaluate feasible restoration alternatives. The primary coordination of
this reinitiation of the Army Corps' study of the river is through the Lower Truckee River
Restoration Steering Committee (formed in 1993), which includes representatives from the
Tribe.

U.C. Davis Study

The Tribe, through Pyramid Lake Fisheries (PLF), has conducted water quality
monitoring on Pyramid Lake since 1985. In September 1989, PLF acting on behalf of the
Tribe contracted the Davis Limnology Group at the University of California-Davis (UCD)
to conduct a four year study to determine the potential effects of nutrient loading to
Pyramid Lake. The initial year (October 1989 to September 1990) of the study was
supported by a Section 314(a) grant to the State of Nevada. Funding for the second and
subsequent years of the study was provided by the U.S. EPA under Section 106 of the
Clean Water Act to the Pyramid Lake Paiute Tribe.

The goals of the cooperative project were: (1) to develop sound water quality
standards for Pyramid Lake and the portion of the lower Truckee River located on the
Paiute Reservation, (2) to obtain a better understanding of the limnological processes
which operate to determine water quality (with particular emphasis on the coupling of
external and internal nutrient cycling), and (3) to increase the institutional capability of the
Pyramid Lake Paiute Tribe - Pyramid Lake Fisheries to monitor effectively water quality
conditions. Those goals were reached by using extensive monitoring data, specific
limnological research, and mathematical modeling techniques (see Lebo et al. 1993a,
1993b, 1993c, 1994b).

Planning Committees

The Tribe has participated in several planning committees examining restoration
needs for the Truckee River. These include water quality working groups convened by the
State of Nevada such as the Truckee River Strategy Group, which was formed to provide
technical review for several issues on the Truckee River. More recently, the Tribe has
participated in the Lower Truckee River Restoration Steering Committee. The Tribe also
continues to participate in negotiations concerning the operations of reservoirs within the
Truckee River basin.
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9.2 Project Descriptions

Tree Plantings

The Tribe began a program in 1987 to replant cottonwood trees along portions of
the Truckee River to begin restoration efforts. Since the beginning of the program, the
Tribe has continued to review its success and initiate modifications to improve the survival
of the plantings. For example, the seasonality of tree plantings was changed in 1989 based
on recommendations made in the Jones and Stokes report. The need for a different
approach to the redevelopment of a cottonwood forest along the Truckee River became
apparent to the Tribe in 1991 when they observed successful natural growth of trees.
Since that discovery, the Tribe has concentrated its efforts on protecting the natural
reestablishment of cottonwoods and modifying the riparian habitat to facilitate the
successful growth of the trees. The Tribe seeks to continue its efforts at developing a
cottonwood forest in the coming years be examining the success rate of different planting
techniques (see section 9.3).

U.C.Davis Study

The eutrophication study conducted by scientists from the University of California
at Davis has provided a comprehensive description of biological and chemical cycles in
Pyramid Lake. The study was done in cooperation with personnel from Pyramid Lake
Fisheries, and their dedication to understanding factors affecting the health of the lake was
invaluable. Through water quality monitoring; the preparation of nutrient budgets for the
system, and modeling efforts, nitrogen was clearly identified as the most important nutrient
limiting the growth of algae in the lake. Indeed, the annual rate of plant production in the
lake was proportional to the supply of nitrogen to surface waters. The U.C. Davis study
also showed the importance of Truckee River loading of total dissolved solids (TDS) to the
lake. Based on results from a computer modeling study, the study clearly showed that
Truckee River TDS loading was as a major factor contributing to long-term increase in the
TDS concentration of lake waters.

Numana Hatchery Wetlands

The Tribe operates a freshwater hatchery facility (Numana Hatchery) along the
Dead Ox Meadows stretch of the river to support the development of a thriving Lahontan
cutthroat trout population in Pyramid Lake. The facility utilizes groundwater as a water
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supply and employs water recycling technology to reduce the total amount of water needed
to rear the trout. Even with efficient water recycling, Numana Hatchery discharges
approximately 250 gal/min of wastewater, with suspected nitrogen and phosphorus
concentrations of 2.8 and 0.4 mg/L, respectively (Wetland proposal, see below). Total
potential nitrogen and phosphorus loading to the river from the hatchery facility was
estimated in section 7.3 to be 10 Ibs of nitrogen and 1.4 Ibs of phosphorus to the river per
day. Because the effluent is discharge to land adjacent to the river, the actual loading of
nitrogen and phosphorus to the river will be lowered through soil retention and biological
utilization.

. A wetlands project is currently being implemented at Numana Hatchery to evaluate
the effectiveness of an engineered wetland environment to remove nitrogen from the
hatchery's effluent. The focus of the project and monitoring effort at the site is on
nitrogen control because of the local and regional importance of nitrogen in controlling
plant growth (Reuter et al. 1991; Reuter et al. 1993; Lebo et al. 1994a). The principal
investigator for the project is John Warwick at the University of Nevada, with help and
approval by the Tribe's Fisheries Board. In addition, the Tribe has donated significant
resources to the project including land, work-in-kind, and cash. For technical expertise,
the Tribe has contracted the services of Huffman and Associates in Reno.

The Numana wetland project provides several benefits to the Tribe in addition to
treatment of a potential nitrogen source to the river. One important benefit is the technical
training that Tribal staff will receive as part of the project. The Tribe continues to seek
opportunities to enhance the capabilities of its staff to effectively manage water resources,.
and the Tribe's participation in the wetland project through Pyramid Lake Fisheries
demonstrates that intent. The project is also a regional demonstration project to evaluate
the effectiveness of low cost, low maintenance wetland environments for nitrogen control.
Included in the project is the development of a nature center at the site to educate Tribal
members and other visitors about the value and functioning of wetlands. A final benefit
from the study to the scientific community as a whole is an evaluation of how well an
engineered wetland environment removes nitrogen from the hatchery discharge.

Currently, the wetland has been constructed and the project will be completed in
the near future. The planting of the wetland is scheduled for October 1994, and the system
should be fully functional sometime in 1995. The success of the created wetland as a
treatment system for nitrogen removal will be evaluated in the coming years, but the
transfer of the technology has already benefited the Tribe. In the coming year, the Tribe
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will be examining the feasibility, of using a constructed wetland to treat discharge from
Herman Ditch upstream of Wadsworth (see section 9.3).

Herman Ditch

The irrigation of croplands along the floodplain of the Truckee River potentially

affects water quality along many stretches of the river. Herman Ditch, is of particular
importance to this study due to its discharge back to the river just upstream of the town of
Wadsworth. In July 1992, the Desert Research Institute (DRI) of the University of Nevada in
Reno began an examination of Herman Ditch to determine the feasibility of treating the

discharge from the ditch to the river with a detention basin. The description of the project and
some initial results presented below are taken from quarterly progress reports obtained from
Nevada Division of Environmental Protection and DRI. An examination of the impact of
Herman Ditch on the water quality in the Truckee River was prompted by unexplained

increases in total phosphorus (and phosphate) and nitrate near Wadsworth.

For the 1993 season, approximately 380 acres of cropland were flood irrigated from
Herman Ditch to grow alfalfa and grasses. Water usage along the ditch involved alternating

periods of 1-3 weeks of use followed by 1-2 weeks in which the diversion was dry. Overall,
2671 acre-it of water was diverted from the Truckee River of which 14% (370 acre-ft) was
returned through the discharge to the river. Flow in the ditch was highly variable and could
range from 0 to 7 cfs over a 24 hour period, with discharge back to the river equally variable

over time. Nutrient concentrations in the return flow to the river are typically high in total

nitrogen (TN) and phosphorus (TP); the average flow weighted concentrations for TN and
TP for 1993 were 1.5 and 0.3 mg/L, respectively. D. Cockrum estimated that the total
nitrogen and phosphorus loadings to the Truckee River from Herman Ditch were 1531 and
277 pounds, respectively. Low concentrations of dissolved inorganic nitrogen (nitrate and
ammonium) in Herman Ditch discharge during the 1993 study suggest that the majority of the
nitrogen load may be as organic nitrogen. The DRI study also showed that the Herman Ditch
return flow to the river was also very low in dissolved oxygen.

The final recommendation and conclusions from the Herman Ditch detention basin

study should be released soon. However, initial conclusions from the study indicate that
the highly variable nature of the discharge limits the application of a detention basin
treatment system with removal of phosphorus by alum addition (D. Cockrum pers. comm.).

The Tribe is now examining the feasibility of using a wetland to treat the discharge (see
section 9.3).
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Dodge Flat Water Development

The Tribe has begun to create addition rangeland for cattle on the reservation

through the development of alternative water sources to the river. Currently, the lower

Truckee River serves as a grazing and watering site for cattle during the winter months

(see section 7.2). However, ranchers presently using land between Wads worth and Dead

Ox Wash (approximately 10 miles of river frontage) agreed to remove their herds from the

river if the needs presently met by the river could be provided by another means. The

Tribe is in the process of diverting 20 gallons of water per minute from the discharge from

the Numana hatchery to provide water for the cattle away from the river on Dodge Flat.

To provide water to create this additional winter rangeland, the Tribe has constructed a

water delivery system and a series of watering troughs for access to the water. The Tribe

is also in the process of enclosing approximately 60 square miles of range within a fence
to complete the range unit. This new winter rangeland for the cattle should be available

for use when cattle are moved to winter pastures in fall 1995.

Range Improvement

The rangeland surrounding Pyramid Lake is utilized by members of the Pyramid

Lake Cooperative Cattlemen's Association to operate and manage individual cattle

businesses. In section 9.1 of this report, a range management plan developed for the

reservation was described indicating how the 340,000 acres of rangeland around the lake
could be better utilized. A water quality and range improvement project is currently being

implemented by the Tribe to improve range condition of over grazed areas near the lake

and aid in controlling NPS pollution. The project includes the development of five springs

and one well site equipped with a solar powered pump to provide watering sites away from
the lake shoreline. In addition, the project includes the construction of fencing of 11 miles

along the southwest margin of Pyramid Lake. The fence will enable cattlemen to control

livestock distribution and alleviate cattle/vehicle accidents on the highway.

The implementation of this water quality and range improvement project began in
Fall 1994 and should be completed within two years. When the project is complete, it will

greatly reduce the potential impact of cattle grazing near and on the shoreline of Pyramid

Lake.
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9.3 Future Plans

Proposed NFS Projects

The Tribe has submitted three projects to the State of Nevada for funding

consideration under section 319 of the Clean Water Act. The projects include additional
fencing along the river, a cottonwood planting demonstration project, and a feasibility

study for a treatment wetland for Herman Ditch. For the fencing project, the Tribe has

proposed the construction of a fence along a two mile stretch of the river downstream from

S bar S Ranch to exclude cattle from the river's riparian zone. The construction of the
fence is part of the continuing implementation of the range management plan developed

for the reservation. The cottonwood planting demonstration project, in contrast to fencing

along the river, seeks to take an active role in the reestablishment of a riparian cottonwood

canopy. For planting efforts this coming year, the Tribe has proposed an evaluation of the
survival of trees planted by different techniques. The project provides an essential

knowledge about the survival of cottonwoods which is of interest to future restoration

efforts and the scientific community in general. Finally, the third project provides an

initial evaluation of the feasibility of providing treatment for Herman Ditch through a
constructed wetland. The study conducted by the Desert Research Institute on Herman

Ditch indicated that discharge from the ditch is too variable to utilize a detention basin to

treat its outflow. The Tribe's experience with the Numana hatchery wetland project

indicates that a wetland may be a good treatment system for discharge from the ditch.
Experience with the Numana wetland also showed a great benefit in reducing total cost by

conducting a preliminary site assessment. The Tribe proposes to do that site assessment
this coming year.

Working Groups

The Tribe has participated in regional working groups to address water quality

problems. Through these groups, the Tribe has been able to comment on and influence
water quality management decisions by both agencies and local entities. It has also been

able to encourage the support of studies which will provide essential information to

facilitate the restoration of the river to a healthy, self-sustaining system. These activities

will continue to be a central component of the Tribe's water quality management efforts.

In a similar fashion, the Tribe will continue to participate in water quantity

negotiations to provide more water for Truckee River and Pyramid Lake.
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CHAPTER 10

IMPLEMENTATION OF NONPOINT SOURCE SOLUTIONS ON THE RESERVATION

10.0 Chapter Summary

Previous chapters in the report have described and discussed nonpoint source (NPS)
pollution problems on the Pyramid Lake Paiute Indian Reservation. In this final chapter,
we present recommendations to provide a framework for the Tribe to address NPS
problems. This includes strategies to implement Best Management Practices (BMPs) on
the reservation. We also present a list of programs that will facilitate future Tribal efforts
to reduce the impacts of NPS inputs to Pyramid Lake and the lower Truckee River. The
final sections of the chapter identify funding sources to implement NPS abatement
programs en the reservation and describe the roles of different regional organizations.
Many of the NPS problems affecting the water quality of the Truckee River (and hence
Pyramid Lake) are regional in nature requiring broad approaches to abatement and
restoration solutions.

10.1 Tribal Institutional Capabilities

The Pyramid Lake Paiute Tribe has three major, and formally recognized, agencies
which administer water quality protection and manage water and fishery resources on
Tribal lands. Establishment and operation of these agencies is directed by Tribal code.
They include: (1) Environmental Department, (2) Water Resources Department, and (3)
Pyramid Lake Fisheries. Each is administered by an appointed Director. The Water
Resources Department and the Pyramid Lake Fisheries are directly accountable to their
respective Boards, with Board members appointed by the Tribal Council. All three
agencies are responsible to the Tribal Council.

Environmental Department

This Department is a newly created agency which is charged with the coordinatipji
of environmentally related activities on the reservation. The Environmental Department
has a multi-media focus dealing with a variety of issues related to protection of air, land
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and water resources. A primary responsibility involves its role as liaison both among
Tribal environmental resource agencies and between the Tribe and county, state and federal

environmental resource/protection agencies. The Environmental Department coordinates

with those agencies and, when appropriate, represents the Tribe in discussions of regional

environmental issues. In this role, the Department is administered by the Tribal Council.

When directed by the Council, the Environmental Department coordinates submittal of

grants and proposals to appropriate funding agencies. The Department has been

responsible for liaison with the U.S. Environmental Protection Agency for Program

Authority under various sections of the Clean Water Act.

. The Environmental Department is also charged with development and coordination

of environmental education. This includes, but is not limited to, coordination of special

presentations for the Tribal Council, guidance to the Council and other environmental
agencies on specific issues, coordination of public environmental education for all Tribal

members, workshops to apprise the Tribe as to current status and/or expected modifications

to county, state and federal environmental polices, and technical training (e.g. Hazardous

Materials Training and development of an Emergency Response for Hazardous Materials).

Water Resources Department

The Water Resources Department is a long-standing and integral component of

water resources management on Tribal lands. Their primary mission is to continue
developing the capabilities of the Department to manage all water related activities on and

for the reservation. In particular, there is an emphasis on activities off the reservation that

directly impact Tribal water resources. Water Resources participates in monitoring,

managing and implementing various provisions of the Truckee-Carson-Pyramid Lake Water
Settlement. Act of 1990, and represent the Tribe in discussions of regional water allocation

issues between the county, state, federal, Tribal and other interests. The Department has

been active in coordinating efforts with Pyramid Lake Fisheries, the Environmental

Department, the Tribal Council, the University of California at Davis, Nevada Division of
Environmental Protection, and the U.S. Environmental Protection Agency in establishing

water quality standards in the lower Truckee River to achieve adequate water quality.

The Water Resources Department manages domestic water and irrigation operation
with the establishment and development of respective ordinances and districts. They
coordinate efforts in regional water resource issues such as the Operating Criteria and

Procedures for the Newlands Project, Washoe County Regional Water Supply and Quality
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Study, Honey Lake Ground water Development Project, Truckee River Strategy, Truckee
River Operating Agreement, and all negotiations pertaining to the Truckee River and Tribal
affairs.

Pyramid Lake Fisheries

The ultimate goal of the Pyramid Lake Fisheries (PLF) program is to ensure the
survival of the Lahontan cutthroat trout and cui-ui population in Pyramid Lake. To
achieve that goal, PLF is working to restore the Pyramid Lake/Truckee River ecosystem to
a natural self-sustaining fishery for the native species. Currently, PLF is charged with
development, operations, maintenance and evaluation of an extensive fish hatchery and
rearing program including Numana and Dunn Hatcheries which are owned by the Tribe.
Concurrent with hatchery efforts to maintain a thriving lake fish population, PLF also takes
an active role in coordination of Tribal efforts to restore Truckee River habitat for the
native fish species and improve overall water quality on the reservation. Habitat
restoration efforts largely focus on the lower Truckee River with the PLF as key
participants in Tribal, regional and federal plans to restore the River and its riparian
environment. Restoration efforts include both delivery of adequate flows and improvement
of the physical, chemical, and biological environment. PLF is leading efforts within the
Tribe to revegetate degraded riparian regions, create suitable habitat conditions in the river
for fish reproduction and rearing, maintain suitable passage between the lake and river
during spawning and post-hatch periods, and to protect water quality to achieve beneficial
uses related to fish growth and biological habitat. Towards this end PLF as been actively
engaged in: (1) Tribal efforts to establish water quality standards, (2) efforts to control
nonpoint source pollution, and (3) regional negotiations on water allocations from the
Truckee River.

Examples of other related activities managed by the PLF include: comprehensive
lake water quality monitoring program; monitoring of benthic macro-invertebrates in lower
Truckee River; monitoring of water quality in Numana wetland; operation, maintenance
and certification of PLF water chemistry laboratory; creel census; lake and river fisheries
biology research; training of personnel in disciplines related to monitoring, laboratory
analyses, fisheries biology; and habitat restoration.
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10.2 Identification of BMPs

To reduce the impacts of NFS problems, a series of Best Management Practices

(BMPs) have been developed to reduce total inputs. These BMPs represent management

strategies to minimize the degradation of waterbodies due to man's activities. In this

section, we summarize the NPS problems on the reservation that should receive priority
attention by the Tribe and recommend strategies to address the problems.

Priority 'NFS Problems

Our assessment of NPS pollution on the reservation presented in chapter 8 indicates
that NPS inputs have a greater impact on the water quality of the Truckee River than

Pyramid Lake. Table 8.1 summarized the scores for each of the 22 potential NPS

problems described in the assessment. It is noteworthy that inputs to the river may also
degrade water quaHty in the lake through discharge from the river to Pyramid Lake. In

fact, the NPS problems with the greatest impact on Pyramid Lake water quality all

originate along the Truckee River. These are upstream inputs, Fernley groundwater inflow,

irrigation of croplands downstream of Wadsworth, and gfoundwater inflow along Dead Ox
Meadows. Overall, the top nine NPS problems on the reservation affect the water quality
of the Truckee River.

The largest NPS problems are associated with agricultural activities on and off the

reservation involving the irrigation of croplands (see Table 8.1). Indeed, five of the top

nine problems from our assessment are affected by return flows from irrigated fields.
These include upstream sources, Herman Ditch, Fernley groundwater, Wadsworth

irrigation, and Nixon irrigation. As noted above, the majority of these sources also affect

the water quality of Pyramid Lake primarily through the transport of TDS to the lake. The

primary factors contributing to high scores for the irrigation sources include the input of

nutrients, the input of TDS, and the likelihood for successful abatement of the problems.

For Herman Ditch, potential toxicity to river water due to low oxygen concentrations in

return flow also contributes to a higher score.

Cattle grazing is also an important potential NPS problem for water quality of both

the Truckee River and Pyramid Lake (see Table 8.1). For the lake, cattle grazing along
the shoreline of the lake was actually tied with ephemeral streams and Guanomi Mine site

as the most important NPS problems within the Pyramid Lake basin. It is noteworthy that

one of the main factors contributing to high scores for grazing along the river and
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shoreline of the lake was the likelihood that the problem could be successfully abated.
Indeed, the Tribe has already begun this process and will continue to reduce the impacts of
cattle on both waterbodies through the implementation of a range management plan.

Natural sources were generally of minor importance to water quality problems on
the reservation. One exception to this trend is the potential accelerated release of metals
from the mineral outcropping at the Guanomi Mine site. The construction of mine shafts

into the hillside at that site may contribute to a greater mobility of metals from the mineral
deposits due to acid drainage following storm events. Additionally, the input of
groundwater to the river along Dead Ox Meadows is an important natural source of total
dissolved solids (TDS) loading to both the river and lake.

BMPs for NFS Abatement

A Best Management Practice (BMP) is a management technique designed to reduce
nonpoint source (NPS) inputs to lakes and rivers. The scope of different BMPs is

considerable and ranges from education programs for the public to facility improvements.
From a practical standpoint, BMPs can help to identify the magnitude of NPS inputs
through monitoring of the water quality of impaired waterbodies which provides valuable

information to formulate strategies to minimize future impacts. They may also involve the
modification of existing structures or accepted practices. It is important to note that a
BMP may simply be the exclusion of some activities from the shoreline or banks of a
waterbody. Generally, BMPs are part of larger management plans developed to address

NPS problems for a given watershed or activity and may require technical assistance from
State or Federal Agencies. The initiation of local and regional planning is itself a type of

BMP which should identify specific measures which will reduce NPS inputs.

The effective application of BMPs to address NPS problems requires an evaluation
of a number of different factors. The Campo Band of Kumeyaay Indians defines BMPs as
"those practices determined to be practicable, acceptable to the public, and cost effective in
preventing water pollution or reducing the amount of pollution generated by nonpoint

sources" (CEPA and Riverside Technology 1993). Clearly, the selection of a set of BMPs

to address NPS inputs from a specific source should consider both the needs of the
waterbody and the community as a whole. The NPS management strategies identified
below are designed to take both factors into consideration.
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Recommended Approaches

The Tribe has already begun several of the necessary steps to reduce the impact of

NFS inputs to the Truckee River and Pyramid Lake. Those efforts are already having a
positive impact on habitat and water quality and should continue. We also list below

several strategies that the Tribe should utilize to address additional problems that are not
currently managed. The next section provides a comprehensive listing of implementation

programs for NFS problems on the reservation and the descriptions below are provided to

specifically address the priority problems identified in chapter 8.

Considerable effort has been expended by the Tribe to minimize the impacts of
livestock grazing on the reservation. In chapter 9, we described the development of a
range management plan by the Soil Conservation Service in cooperation with the Pyramid
Lake Cattlemen's Association. Implementation of the recommendations from that plan
should greatly reduce NPS pollution to Truckee River and Pyramid Lake from livestock

grazing. The Tribe has already begun implementing rangeland enhancement projects on
the reservation to eliminate the water and grazing needs of the cattle which are currently
provided by the lake and river. Through those projects (and future ones), the shoreline of
Pyramid Lake and the riparian areas along the Truckee River should be free from grazing
pressures. We recommend that the Tribe continue to implement the range management

plan through a phased approach. Each year or funding cycle, the range enhancement or
management needs of one or several areas should be identified for development until
recommended actions are completed.

The Tribe has also focused its attention on restoring the habitat along the Truckee
River for wildlife and the native Pyramid Lake fishery. These efforts include the
development of alternative winter rangeland for cattle (see above) and evaluating

techniques to reestablish a riparian cottonwood forest along the river. The Tribe should
continue to protect natural cottonwood growth through cattle exclusion from riparian areas

and to identify areas in which selective planting techniques would enhance cottonwood
survival. In chapter 9, we described some of the river restoration efforts by the Tribe.
One of the proposals for the current year seeks to evaluate the success of different planting
techniques for cottonwoods along the river. We encourage projects of this nature which
provide both a benefit to the restoration of riparian habitat and an evaluation of restoration
techniques in general. Additionally, the Tribe should continue to participate in regional
planning committees to direct restoration efforts focused on the Truckee River watershed
by other governmental or private entities.
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Our assessment of NFS inputs to the Truckee River indicates that irrigation of
croplands along the floodplain of the river, in addition to croplands outside reservation
borders, is an important source of water quality degradation. This is especially true

downstream of Wadsworth where there is a large increase in the total dissolved solids

(TDS) concentration of river waters. We recommend that the Tribe develop an irrigation

management plan to develop strategies to reduce NFS loading to the river associated with
irrigation practices. In particular, the largest inputs of TDS appear to be associated with

regions of high groundwater TDS concentration. The management plan should include the

further characterization of groundwater composition along the river. In regions of high

groundwater TDS concentration, alternative irrigation practices with greater efficiency
should be developed to reduce the transport of subsurface return flow to the river. A

strong education component to the irrigation management plan will also be essential to

develop a spirit of cooperation with individual farmers. The plan should start out with

some demonstration projects to show the effectiveness of more water efficient irrigation
practices on controlling inflow and TDS loading' to the river.

In addition to croplands on the reservation, the irrigation of fields both upstream

and off the reservation contribute to water quality degradation of the Truckee River. The

Tribe should work with the U.S. Environmental Protection Agency, the State of Nevada,

surrounding communities and individual property owners to develop regional solutions to

reduce the impacts of agricultural activities on the river. For example, the poor quality of

groundwater from the Fernley area entering the river downstream of Wadsworth should
receive immediate attention. The Tribe should seek to reduce groundwater transport to the

Truckee River from Fernley without causing a corresponding decrease in total flow to

Pyramid Lake. An effective solution to the Fernley groundwater problem requires a

regional approach to water quality and quantity issues necessitating cooperation by many

different parties. The Tribe should also seek to reduce the impact that return flow to the

river by Herman Ditch has on water quality. Clearly, the Desert Research Institute study

(see chapter 9) showed that a detention basin is inappropriate to treat the discharge from

the ditch. Another alternative is a constructed wetland treatment system. The Tribe

should actively pursue the wetland treatment option if the feasibility study scheduled for
the coming year supports construction of the wetland system.

The final NPS problem potentially requiring attention by the Tribe is Guanomi
Mine site. Although the soil survey indicates that potential contamination is probably

associated with the mineral outcropping itself, the mine shafts at the site may facilitate

transport of metals and acid drainage toward the lake. We recommend that the Tribe
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continue to monitor the site, particularly during and after winter precipitation events. If

those evaluations suggest that the mine shafts may contribute to NPS pollution to the lake,

the Tribe should consider sealing the mine shafts on the site. The construction of an

earthen dike downstream from the disposal piles on the site (and the sealed shafts) may

also be considered to reduce overall transport of water from the mineral outcropping

toward the lake during winter storms. However, additional assessment of the site needs to

be done before these management decisions should be implemented.

10.3 Implementation Programs

The Tribe should include several components in its nonpoint source management
program to reduce the impacts of NFS pollution on the water quality of the Truckee River

and Pyramid Lake. These include monitoring/additional research, education programs,
development and implementation of management plans, and participation and direction of

regional planning efforts. Additional descriptions are given below for these different

recommended components of the NPS management program.

Monitoring Needs

The primary monitoring needs for NPS pollution on the reservation involve inputs

to the Truckee River. Several agencies and Truckee Meadows Water Reclamation Facility

already conduct monitoring programs on the river. However, those programs have several

deficiencies regarding the characterization of NPS inputs. The main limitation is the lack

of spatial coverage which only includes two sites on the reservation. In chapter 5, we

clearly showed that groundwater nutrient loading to the river was rapidly utilized by

periphyton within a few miles downstream of the point of input. The current sampling
points at Wadsworth and Nixon do not give any information about nutrient inputs

associated with groundwater inflows due to the lack of spatial coverage. Because of the

importance of attached algal growth as a factor contributing to poor water quality (e.g. low

dissolved oxygen at night), the Tribe should initiate a river sampling program with spatial

coverage similar to our 1994 study (see section 5.4). An adequate sampling frequency for

the river surveys is at monthly intervals during irrigation periods when flow is <100 ft3/sec

(cfs). Further, analyses should focus on dissolved nitrogen and conductivity.

A second area in which the Tribe should initiate additional monitoring on the river

is to document the health of the river and riparian habitat. Currently, the Tribe conducts

surveys of invertebrate populations along the river to assess the biological health of the

CH-10.NPS 197 October 18, 1994



Recommended Implementation DRAFT

system. Those efforts should continue. The Tribe should also consider developing

additional biological measures of the health of the river for inclusion in the current
assessments. For the riparian zones along the river, the Tribe has and continues to expend

a great deal of effort to restore riparian habitat. Progress toward a self-sustaining river and

riparian environment needs to be documented through vegetative surveys of the riparian
corridor along the river over time. Monitoring of cottonwood growth along the river will

also facilitate future management decisions regarding additional research and planting

needs. One of the projects submitted by the Tribe to the State of Nevada for funding

consideration begins the monitoring and examination process. Additional efforts
documenting riparian development are also encouraged.

One monitoring need for Pyramid Lake is a continued assessment of potential NPS

pollution to the lake from Guanomi Mine. The soil assessment that we conducted during

May 1993 did not indicate a great potential for contamination. However, outflow from the
site was extremely limited on that date, which may not be true during winter storms at the

lake. The Tribe should probably assess overland flow from the .site for several storms

during the coming winter to determine if NPS pollution from the site is a danger to the
lake or cattle of the region. The assessment of the site should include an estimate of
outflow at the culvert under the highway and its chemical composition (metal content and

pH). It the reassessment of the site indicates a greater potential for contamination of the

lake than our conclusions, the ranking of the site should be increased to reflect the
additional NPS pollution.

Evaluation of NPS Problems

The evaluation of the priority of future NPS problems on the reservation identified
by the Tribe should be evaluated by the conceptual ranking systems described in chapter 8

or. a similar system. USEPA (1989b) recommends the use of priority ranking systems to

direction the allocation of limited NPS abatement resources. By using ranking criteria,

there is a greater likelihood that selected projects will restore the greatest beneficial uses at
a reasonable cost and that the project will be successful. Typically, priority ranking

systems contain four types of criteria: (1) severity of impairment; (2) public value of the

waterbody; (3) resolvability of impairment; and (4) quality of assessment information. The

ranking system described in chapter 8 uses these basic criteria to select values for each of
the seven categories. Where information on potential impairment is lacking, we have
made gross estimates to determine if further study is warranted. If additional problems are
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identified in the future, they should be added to the list in Table 8.1 and ranked according
to their potential threat to the lake and river.

Current Implementation of Solutions

The Tribe has already begun the management of several NFS problems on the
reservation, particularly cattle grazing and river restoration. In addition, many of the

recommendations that we include in this chapter are outgrowths from conversations with

Tribal personnel. In past and present activities, the Tribe has shown a capacity and desire

to effectively manage pollution on the reservation. The NFS projects that the Tribe has
successfully been involved with demonstrates the Tribe's active program to reduce NFS

pollution. Indeed, participation in this assessment study and the contribution of valuable

insight about water quality and river habitat on the reservation have facilitated its

successful completion.

Education Program

The NFS management program of the Tribe should include an educational outreach
to Tribal members concerning how human activities affect NFS pollution to nearby

waterbodies. In particular, it will be important for landowners on the reservation to

understand how modifications to existing practices can contribute to higher water quality in

the Truckee River. In the development of each NFS project, the Tribe should strive to

include some aspect of education in the proposal to facilitate the transfer of information to

its members. Agencies within the Tribe currently prepare newsletters for distribution to

interested parties, and those newsletters are a good forum to inform Tribal members on

NFS abatement and river restoration activities on the reservation. Of particular importance

will be the demonstration of success stories.

Range Management Plan

The Tribe has expended considerable effort to minimize the impacts of livestock

grazing on the reservation. In chapter 9, we described the development of a range
management plan by the Soil Conservation Service in cooperation with the Pyramid Lake

Cattlemen's Association. Implementation of the recommendations from that plan are
already underway, and the Tribe should continue to improve rangeland on the reservation

so that cattle do not need access to surface waterbodies. We recommend that the Tribe
continue to implement the range management plan through a phased approach. Each year
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or funding cycle, the range enhancement or management needs of one or several areas
should be identified for development until recommended actions are completed.

Irrigation Management Plan

Our NFS assessment study clearly showed that the irrigation of croplands along the
floodplain of the Truckee River is an important source of water quality degradation. This
is especially true downstream of Wadsworth where there is a large increase in the total
dissolved solids (IDS) concentration of river waters. We recommend that the Tribe
develop a management plan similar to the range management plan (SCS 1988) to develop
strategies to reduce NFS loading to the river associated with irrigation practices on the
reservation. In particular, the management plan should address TDS and nutrient inputs to
the river through groundwater inflows. A strong education component to the irrigation
management plan will also be essential to develop a spirit of cooperation with individual
farmers.

Regional Planning

The Tribe has participated in several planning committees examining restoration
needs for the Truckee River. These include water quality working groups convened by the
State of Nevada such as the Truckee River Strategy Group, which was formed to provide
technical review for several issues on the Truckee River. More recently, the Tribe has
participated in the Lower Truckee River Restoration Steering Committee. The Tribe also
continues to participate in negotiations concerning the operations of reservoirs within the
Truckee River basin. The Tribe should continue in these regional planning and negotiation
activities as part of their implementation program to reduce NFS pollution impacting
surface water quality on the reservation.

River Restoration

The Tribe has begun the process of restoring the habitat along the Truckee River
for wildlife and the native Pyramid Lake fishery. These efforts include the development of
alternative winter rangeland for cattle (range management plan) and evaluating techniques
to reestablish a riparian cottonwood forest along the river. The Tribe should continue to
protect natural cottonwood growth through cattle exclusion from riparian areas and to
identify areas in which selective planting techniques would enhance cottonwood survival.
The restoration of the Truckee River should receive a high priority in NFS management by
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the Tribe due to the overwhelming importance of stable habitat for the recovery and
protection of the river as a native coldwater fishery, an important beneficial use.

Further Investigations

There are two primary areas that necessitate further investigation by the Tribe.
These are the groundwater quality along the Truckee River and the quality characteristic of

irrigation return flows to the river. Brock (1991) indicated that Limited characterization of

return flows to the lower river was a major constraint to the proper evaluation of nutrient

loadings to the Truckee River. That observation remains valid. The Tribe should seek
funding to examine the quality of groundwater on the reservation and surface and

subsurface return flows to the river, especially downstream of Wadsworth. Much of this

quality data is essential to the formulation of an irrigation management plan for the river

and should receive a high priority.

10.4 Responsibilities and Milestones

Tribal NFS control projects will be jointly administered by the Environmental
Department, Water Resources Department, and the Pyramid Lake Fisheries.

Responsibilities related to proposal review and submittal are discussed in detail below

under Funding Sources. The Environmental Department will be charged with processing
proposals and applications, as well as circulating requests for proposals with details on the
submittal process. The Environmental Department will notify all applicants as to the final

status of their submission(s). This Department will also coordinate the submittal of both

final project reports and periodic project updates and distribute them for review and

comment.

Pyramid Lake Fisheries will be the lead technical/scientific agency on projects

related to habitat restoration and fisheries. For those projects dealing with agricultural and

water supply issues, the Water Resources Department will assume the lead role. Both of
these groups will participate on projects which focus primarily on water quality treatment

and pollutant removal. These agencies will ensure that project implementation is being

done according to plans contained in the approved proposal.

All projects will include a monitoring component to track the success of project
implementation as well as post-project benefits to water quality and the environmental as a

whole. Monitoring can be accomplished by a variety of means including, but not limited
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to, water quality sampling, photographic evidence, biological surveys, vegetation surveys,
etc. Project monitoring is the responsibility of the project applicant and must be specified
in the proposal. The Environmental Department will ensure that project monitoring has
been accomplished.

Activities related to training and education will be the responsibility of the
Environmental Department.

The Tribe of any of its agencies may seek advice from consultants to provide
technical assistance for any aspect of the NFS management program.

Table 10.1 presents a schedule of milestones for the implementation of different
components of the Tribe's NFS management program. Descriptions of the various
components of the program are provided in section 10.3 and in previous chapters of this
report.

10.5 Funding Sources

The Tribe has utilized several sources of federal assistance and funding through the
U.S. Environmental Protection Agency (USEPA). These include the water pollution
control program (Section 106) and the nonpoint source control program (Section 319). In
addition, support for research, investigation, training, and information (Section 104) may •
be available. All section references listed refer to the Clean Water Act as amended in
1987. In addition to support from USEPA, the Tribe has benefited from assessment and .
restoration efforts by several other federal agencies. The following paragraphs present a
brief description of the purposes of the different funding programs and summarize how the
monies have been utilized by the Tribe.

Water Pollution Control Program

The Water Pollution Control Program is described under Section 106 of the Clean
Water Act (CWA) and involves development of water quality management plans.
Specifically, Section 106 authorizes grants for pollution control programs which are
intended for the administration of programs for the prevention, reduction and elimination
of pollution. The Tribe has received program authority under CWA Section 106, and
USEPA has granted funds for the implementation of this program. The Tribe has received
four full years of funding for the purpose of establishing water quality standards for
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Table 10.1. Summary of NFS implementation milestones. The different components listed
are described in section 10.3.

Phase/Milestone Date

Phase I: 1995-1996

• Develop NFS regulations in Tribal Constitution
• Application for Program Authorization for Section 319
• Develop NFS working group
• Continue regional NPS coordination
• Develop public awareness plan
• Coordinate with regional river restoration efforts
• Tree planting demonstration project
• Herman Ditch wetland feasibility project
• Range Enhancement project
• Monitoring of river habitat and Guanomi Mine site
• Prepare and submit proposals for 1996 Section 319 funding

Phase II: 1996-1997

• Develop protocol for establishing BMPs
• Implement public awareness plan
• Implement monitoring program
• Develop irrigation management plan
• Contiune regional NPS coordination
• Coordinate with regional river restoration efforts
• River revegetation demonstration project
• Groundwater survey on reservation
• Range enhancement project
• Prepare and submit 319 proposals (1997 and 1998)

Phase III: 1998

• Update NPS Assessment and Management Report
• Revise Range Management Plan
• Continue -regional NPS coordination
• Coordinate with regional river restoration efforts
• Range enhancement project
• Irrigation demonstration project
• River revegetation demonstration project
• Prepare 319 proposals
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Pyramid Lake, lower Truckee River, and ephemeral tributaries to the lake. Research and
monitoring have been done in cooperation with the University of California at Davis.

Current and future Section 106 funding will be used for activities such as training

Tribal organizations in water quality hydrology regulatory practice; water resource data
searches (e.g. STORET); water quality aspects of irrigation and livestock management,
groundwater hydrology; developing a further understanding of the relationship between

nutrient loading and fisheries resources; and further development of a water quality

management plan.

Nonpoint Source Control Program

Section 319 of the Clean Water Act provides grants for the implementation of
nonpoint source pollution control. On the basis of this current report, and other
documentation, the Tribe is seeking Program Authority under Section 319. The Tribe's

primary goals for NPS control are: (1) identification, management and mitigation of
nonpoint sources of water pollution on the reservation in compliance with provisions of the

Clean Water Act; (2) participation in regional negotiations on identification and reduction
of nonpoint source pollution outside Tribal lands; and (3) public education and training.
Anticipated Best Management Practices (BMPs) and implementation programs are given in
section 10.3 of this chapter.

The Pyramid Lake Paiute Tribe has, and is currently, participating in the 319 (h)
process through grants received through the State of Nevada (refer to sections 9.2 and 10.3

for a summary of these projects). It must be noted that the Tribe may apply for 319 (h)
funding from the State of Nevada even after obtaining Section 319 Program Authority.

Research, Investigations, Training and Information

Section 104 (b)(3) of the Clean Water Act makes grants available for the purpose
of conducting and promoting the coordination and acceleration of pollution control
activities. These include research, investigation, experiments, training, demonstrations,
surveys, and studies related to the causes, effects, extent, prevention, reduction, and
elimination of pollution. Using the administrative organization and technical approach
presented throughout this current report, the Tribe will continue to achieve control of
nonpoint source water pollution.
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Additional Federal Sources

In addition to Clean Water Act funding through the USEPA, other federal programs
can be used by the Tribe to achieve goals for NFS pollution control. For participation in

these programs, Tribal concerns include: (1) ensuring consistency with Tribal programs,

goals and objectives and (2) coordination of resources to improve cost efficiency and

resource protection.

As discussed in chapter 9, the Tribe has considerable association with other federal
agencies in efforts to implementation NFS pollution control and river restoration on the

Truckee River. These include: (1) Soil Conservation Service of the Department of
Agriculture - range management planning; (2) U.S. Army Corps of Engineers of the
Department of Defense - restoration of lower Truckee River, (3) U.S. Fish and Wildlife
Service of the Department of the Interior - habitat restoration of lower Truckee River,

(4) Bureau of Indian Affairs of the Department of the Interior - management of water
resources and range management; and (5) Bureau of Reclamation of the Department of the
Interior - water allocation, water quality, and habitat assessments.

Current Project Support

Descriptions of current projects related to NFS pollution control and

implementation of Best Management Practices (BMPs) are presented in Chapter 9. A
summary of past, present and proposed projects for the reservation which focus on NFS

related issues and have been funded by the USEPA under the Clean Water Act is provided
in Table 10.2.

Elements of an NFS Proposal

The Clean Water Act (amended 1987) provides for funding to implement NFS
management programs under Section 319(h). The following discussion provides the Tribe

with a summary of key issues related to technical content, application procedure and

milestones required for submittal of a funding request.

Applications for federal assistance for NFS funding can be submitted to the Tribe
from any Tribal organization as well as any outside group who are cooperating with the

Tribe to control nonpoint source pollution on the reservation. Applications should consist
of the following sections: (1) a cover sheet for federal assistance (Form 424); (2) federal
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Table 10.2. Summary of current project support for NFS related problems on the Pyramid
Lake Paiute Indian Reservation.

Project Funding Purpose Amount

Water Quality Standards'

Numana wetland b

Water Quality and
Range Improvementb

Truckee River Range
Managementb

Develop water quality standards for Pyramid $90,000
Lake and the lower Truckee River. These (FY 94)
standards form a framework to drive NFS
abatement activities.

Evaluating efficacy of wetlands to remove $152,644
nitrogen and other water quality constituents (FY 93)
from fish hatchery effluent adjacent to Truckee
River. Includes construction of wetlands and
monitoring.

Implementation of grazing plan to improve $98,000
conditions in over grazed areas near Pyramid (FY 93)
Lake. Development of springs and a well site
(with solar powered pump) away from lake.

Creation of a new range management unit for $150,000
cattle to reduce use of the Truckee River as a (FY 93)
watering and grazing location. Project consists of
construction of water delivery system, a series of
watering troughs, and enclosing 60 square miles
of range within a fenced unit

Characterize hydrologic and chemical regimes $52,033
of return flow system. Evaluate feasibility for (FY 93)
construction of retention basin for water
treatment

Three separate projects which are part of more $72,624
comprehensive restoration plan. Includes: fencing (FY 94)
and livestock management, cottonwood planting
demonstration project, and wetland construction
feasibility study for treating agricultural flows.

Notes: (a) Section 106 of Clean Water Act. The funding amount listed is for 1994 only. Overall, the
development of standards has been part of a longer project done in cooperation with the Univ. California at
Davis; (b) projects funded under Section 319 and had a 50-55% contribution by the Tribe; (c) Section 604(b)
funding to the State of Nevada; (d) Funding under Section 314 of the Clean Water Act.

Agricultural Return
Flow Study0

Lower Truckee River
Enhancement*1
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budget information sheet (Form 424A); (3) specific project cover page including (date

submitted, agency, lead person, telephone/FAX, project title, type of NFS problem, water
body impacted, budget summary and brief project summary); (4) technical proposal (see

below); (5) detailed budget; and (6) signed assurance and certifications as required for

federal assistance. The technical description of the project should contain sufficient detail

to allow for evaluation of technical feasibility, probability of success, post-project
evaluation, and overall water quality benefit to the waterbody. Typical sections include an

introduction/background, justification/assessment of benefits (how does project fit into

Tribal NFS Management Plan and regional NFS control activities), objectives/goals,

technical description of project, methodology, products, project schedule, monitoring, and a

detailed budget.

Applications and instructions for federal assistance applications are available either

through the:

Chief, Grants Management Program Section

Office of Policy and Management .

U.S. Environmental Protection Agency

75 Hawthorne Street

San Francisco, CA 94105

or
Director, Environmental Department

Pyramid Lake Paiute Tribe
P.O. Box 256

Nixon, NV 89424

Applications for project support should be submitted to the Director of the

Environmental Department of the Tribe by September 30 of each year for initial

consideration. Prior to formal submission of candidate proposals by the Tribal Council to

USEPA, applications will be reviewed on the basis of technical and scientific merit,

appropriateness to existing Tribal and regional NFS management plans, probability for

success, and other appropriate concerns. The review process will be administered by the

Environmental Department with reviews and final selection done by a joint committee

comprised of staff of the Water Resources Department, Pyramid Lake Fisheries and the
Environmental Department. The Tribe will also receive comment from a technical

advisory committee comprised of non-Tribal water resources agencies, academic
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institutions and public participants where appropriate. Final approval of projects to be
submitted to USEPA (Region DC) is the responsibility of the Tribal Council.

All proposals to be considered must be submitted through a recognized Tribal
agency; however, participation by non-Tribal agencies and/or institutions in cooperative
projects can be done through sponsorship by a Tribal agency.

10.6 Program Consistency and Participant Roles

The Tribe should remain active in the review and direction of federal activities and
development projects in the Truckee River watershed to ensure that they are consistent
with the Tribe's NFS management program. This review is required by Section 319 of the
Clean Water Act and has been a central component of past NFS control efforts by the
Tribe. It is also essential to protect the Tribe's interests in future water quality and
quantity planning and decisions.

There are a multitude of parties that are involved in the restoration of the Truckee
River watershed ranging from individual farmers to large federal agencies such as the
Army Corps of Engineers. Each has a part to play in the restoration of the river under the
direction of the Tribe. The following paragraphs describe the perceived roles of different
organizations and agencies in future restoration efforts on the reservation.

The funding for many of the restoration efforts on the Truckee River was described
in the previous section and this description is only meant to highlight some of the
important sources. Generally, the main sources of money to implement structural changes
or restoration projects on the river are federal agencies. These are the U.S. Environmental
Protection Agency, the Army Corps of Engineers, U.S. Fish and Wildlife Service, the
Bureau of Reclamation, and the Bureau of Indian Affairs. Funding for water quality,
habitat restoration, and fish access project by these agencies will continue to be important
in the future. Cooperative studies and restoration efforts with local communities (e.g.
Reno-Sparks) will also form an importance source of future support for restoration of the
Truckee River and NFS pollution reduction. In particular, Nevada Division of
Environmental Protection (DEP) has been supportive of water quality projects on the
reservation providing support through U.S. Environmental Protection Agency funding for
the State's Clean Lakes and Nonpoint Source Programs. Nevada DEP will continue to play
an important role in NTS reduction in the region through funding of Section 319 projects
within the Nevada portion of the Truckee River watershed. In past NFS control projects,
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the Tribe has also contributed significant financial (matching funds) as well as labor and
technical support to ensure completion of projects. These contributions are expected to
continue in the future.

Several additional federal, state, and private organizations are important sources of
technical expertise to the Tribe. These include the Soil Conservation Service, the Nature
Conservancy, the U.S. Geological Survey, U.S. Fish and Wildlife Service, academic

institutions (Univ. Nevada at Reno; Univ. California at Davis; etc.), and private
consultants. The utilization of the technical expertise of these organizations involves

consultations on specific issues, development of management plans, planning efforts for
river restoration, and development of cooperative projects with the Tribe.
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