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CONVERSION FACTORS

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch 25.4 millimeter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer

Electrical conductivity is measured as specific electrical
conductance, in units of microsiemens per centimeter (uS/cm) at 25
degrees Celsius (°C).

Chemical concentration in water is given in milligrams per liter
(mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit
expressing the solute per unit volume (liter) of water, and is about the
same as parts per million (ppm), by volume, unless concentrations are
more than 7,000 mg/L. One thousand micrograms per liter is equivalent
to 1 mg/L. One million nanograms per liter is equivalent to 1 mg/L.
Chemical concentration in sediment and biological tissues is given in
milligrams per kilogram (mg/kg) or micrograms per gram (ug/g) which are
both equal to parts per million by mass. One percent by weight chemical
concentration is equal to 10,000 ug/g.

Water temperature is given in degrees Celsius (°C), which can be
converted to degrees Fahrenheit (°F) by the following equation:

F=1.8 (°C) + 32.

Sea level: In this report "sea level" refers to the National
Geodetic Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum
derived from a general adjustment of the first-order level nets of
both the United States and Canada, formerly called Mean Sea

Level of 1929.
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RECONNAISSANCE INVESTIGATION OF WATER QUALITY, BOTTOM SEDIMENT,
AND BIOTA ASSOCIATED WITH IRRIGATION DRAINAGE IN THE MALHEUR
NATIONAL WILDLIFE REFUGE, HARNEY COUNTY, OREGON, 1988-89

By Frank A. Rinella and Carol A. Schuler

ABSTRACT

A reconnaissance investigation of irrigation drainage was conducted
during 1988-89 at the Malheur National Wildlife Refuge, southeastern
Oregon. The study’s objective was to determine if agricultural
drainwater entering the Refuge was causing or had the potential to cause
significant harmful effects to human health, fish and wildlife, or other
beneficial water uses.

Concentrations of arsenic, boron, mercury, and selenium in some
Refuge lake water and (or) biological tissues were sufficiently elevated
to exceed recommended guidelines or criteria for the protection of the
health of either humans, fish or wildlife, or to affect adversely other
identified beneficial uses. However, these elevated concentrations were
not consistently found in all sample mediums and were, therefore,
probably not causing substantial adverse affects.

Small but detectable concentrations of dichlorodiphenyltrichloro-
ethane (DDT) and metabolites, and endrin were found in lake bottom
sediment. Most of the biota contained small or undetectable
concentrations of organochlorine pesticides and polychlorinated
biphenyls (PCBs).

Although lake levels were considerably above normal in 1988, lake
concentrations of several water-quality constituents were found to be
much higher than those concentrations observed historically. Lake
levels have continued to decline in 1989 and 1990, thus further
increasing speculation that these same constituents have continued to
increase in concentration. It is projected that as the lake levels
approach near-normal conditions, arsenic concentrations in the water
could range from 300 to 350 pg/L (microgram per liter), and boron
concentrations could range from 15,000 to 20,000 pg/L. These
concentrations could result in conditions that would produce toxic
effects in fish and wildlife at the Refuge. Current projections do not
consider what conditions would result if below-normal lake levels are
reached. The potential for these projected constituent concentrations
to cause chronic and acute toxicity problems in the Refuge cannot be
adequately assessed at this time.

Although elevated concentrations of some constituents were found in
some sample mediums, none were thought to be associated with
agricultural drainwater. Therefore, it was concluded that agricultural
runoff to the Refuge in 1988 was not causing significant harmful effects
to human health or to fish and wildlife resources.



INTRODUCTION

During the last several years, there has been increasing concern
about the quality of irrigation drainage and its potentially harmful
effects on human health, fish, and wildlife. Concentrations of selenium
exceeding water-quality criteria for the protection of aquatic life
(U.S. Environmental Protection Agency, 1986) have been detected in
subsurface drainage from irrigated land in the western part of the San
Joaquin Valley in California. 1In 1983, incidents of mortality, birth
defects, and reproductive failures in waterfowl were discovered by the
U.S. Fish and Wildlife Service at the Kesterson National Wildlife Refuge
in the western San Joaquin Valley, where irrigation drainage was
impounded. 1In addition, potentially toxic trace elements and pesticides
have been detected in other areas in Western States that receive
irrigation drainage.

Because of concerns expressed by the U.S. Congress, the Department
of the Interior (DOI) started a program in late 1985 to identify the
nature and extent of irrigation-induced water-quality problems that
might exist in the Western States. In October 1985, an interbureau
group known as the "Task Group on Irrigation Drainage" was formed within
the DOI. The Task Group subsequently prepared a comprehensive plan for
reviewing irrigation-drainage concerns for which the DOI may have
responsibility.

The DOI developed a management strategy and the Task Group prepared
a comprehensive plan for reviewing irrigation-drainage concerns.
Initially, the Task Group identified 19 locations in 13 states that
warranted reconnaissance-level field investigations. These locations
relate to three specific areas of DOI responsibilities: (1) irrigation
or drainage facilities constructed or managed by the DOI, (2) national
wildlife refuges managed by the DOI, and (3) other migratory-bird or
endangered-species management areas that received water from DOI-funded
projects.

Nine of the 19 locations were selected for reconnaissance
investigations during 1986-87. The nine areas are:

Arizona-California: Lower Colorado-Gila River Valley area

California: Salton Sea area
Tulare Lake Bed area
Montana: Sun River Reclamation Project area
Milk River Reclamation Project area
Nevada: Stillwater Wildlife Management area
Texas: Lower Rio Grande-Laquna Atascosa
National Wildlife Refuge area
Utah: Middle Green River basin area
Wyoming: Kendrick Reclamation Project area

In 1988, reports for seven of the reconnaissance investigations
were published. Reports for the remaining two areas were published in
1990. On the basis of results of the first nine reconnaissance
investigations, four detailed studies were begun in 1988: Salton Sea
area, Stillwater Wildlife Management area, Middle Green River basin



area, and the Kendrick Reclamation Project area. Eleven more
reconnaissance investigations were started in 1988:

California: Sacramento Refuge Complex
California-Oregon: Klamath Basin Refuge Complex
Colorado: Gunnison and Uncompahgre River

Basins, and Sweitzer Lake
Pine River Project

Colorado-Kansas: Middle Arkansas River Basin
Idaho: American Falls Reservoir
New Mexico: Middle Rio Grande project and

Bosque del Apache National
Wildlife Refuge

Oregon: Malheur National Wildlife Refuge
South Dakota: Angostura Reclamation Unit

Belle Fourche Reclamation Project
Wyoming: Riverton Reclamation Project

All studies are conducted by interbureau field teams composed of a
scientist from the U.S. Geological Survey as team leader, with
additional U.S. Geological Survey, U.S. Fish and Wildlife Service, and
U.S. Bureau of Reclamation scientists representing several different
disciplines. The investigations are directed toward determining whether
irrigation drainage: (1) has caused, or has the potential to cause,
significant harmful effects on human health, fish, and wildlife, or (2)
may adversely affect the suitability of water for other beneficial uses.

Background

In 1984-85, a collaborative water-quality investigation was
conducted by the U.S. Geological Survey and the Oregon Department of
Environmental Quality at the Refuge and in the Malheur River (Fuste’ and
McKenzie, 1987). One of the objectives of the study was to characterize
water quality in the three Refuge lakes (Malheur, Mud, and Harney
Lakes). Fuste and McKenzie (1987) noted concentrations of arsenic and
boron in Harney Lake that exceeded recommended drinking-water and
irrigation-water standards, respectively. 1In addition, the Oregon
Department of Environmental Quality found mercury concentrations in fish
tissues that exceeded the 85th percentile of the U.S. Fish and Wildlife
Service National Contaminant Biomonitoring Program (NCBP) [Lowe and
others, 1985]. Because the Refuge is located near agricultural land,
and elevated concentrations of selected trace elements were detected in
Refuge water and fish tissues, a potential existed for irrigation
drainwater to affect the beneficial water uses of the Refuge.

Purpose and Scope

This report presents results of a reconnaissance investigation of
the Malheur National Wildlife Refuge in 1988-89 to determine the
potential for irrigation drainage water to adversely affect human
health, fish and wildlife populations, and other beneficial water uses.
To determine these potential environmental effects, a series of samples
were collected in this study, which included (1) water from inflowing
streams to the Refuge, (2) Refuge lake and spring water and bottom
sediment, and (3) plants, invertebrates, fish, birds, and eggs within
the Refuge. These samples were analyzed for concentrations of selected



major and minor elements, pesticides, and polychlorinated biphenyls
(PCBs). These concentrations were compared with various water-quality
standards or criteria, published literature values, concentrations
naturally occurring in the area or from other locations, and
concentrations found in contaminated locations.

On the basis of land- and water-management practices, the
investigation was divided into three study areas. These areas were the
Blitzen (which included south of Malheur Lake), the Silvies (which
included north of Malheur Lake), and Silver Creek (which included north
of Harney Lake) drainages. Timing for the collection of these samples
took into consideration current irrigation practices and the bird
breeding season.
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GENERAL DESCRIPTION OF THE MALHEUR NATIONAL WILDLIFE REFUGE

Description of the Basin

Malheur National Wildlife Refuge is located in Harney Basin, the
largest hydrologically closed basin in Oregon (fig. 1). Harney Basin,
draining an area of about 5,300 mi? (square miles) in southeastern
Oregon, is one of the largest inland wetlands in the United States. The
Refuge spans an area 40 miles long by 39 miles wide and is shaped like a
lopsided "T." The Refuge covers approximately 184,000 acres of open
water, marshes, wet meadows, riparian areas, irrigated meadows and grain
fields, shrub uplands, grass uplands, alkali playas, and rimrock. The
Refuge headquarters, located on the south side of Malheur Lake, is
situated 32 miles southeast of the nearest town, Burns, Oregon. Harney
Valley, a low flat area of about 600 mi?, borders the Refuge, with about
two-thirds of it lying to its north.

The Refuge was established in 1908 by an executive order of
President Theodore Roosevelt for the production and maintenance of
habitat for migratory water birds (U.S. Fish and Wildlife Service,
1985). 1Its area was expanded in 1935 with the inclusion of the 60,000-
acre Blitzen Valley and in 1941 with the addition of the Double-O Unit
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Figure 1.--Location of the Malheur National Wildlife Refuge.



acreage. Malheur, Mud, and Harney Lakes are the three major water
bodies within the Refuge. Malheur Lake, in normal water years, is a
shallow freshwater marsh, the largest in western North America.

The Refuge receives surface water from three principal sources.
The Silvies River, whose headwater is in the Blue Mountains, drains
1,350 mi? in a southern direction and finally empties into Malheur Lake.
Silver Creek to the northwest drains about 900 mi? and empties into
Harney Lake. The Donner und Blitzen River, whose headwater is in the
Steens Mountains located in the most southeastern part of the basin,
drains 1,000 mi2? and joins into Malheur Lake from the south. The area
south of Malheur Lake that surrounds the Donner und Blitzen River is
referred to as the Blitzen Valley. Malheur Lake is connected to Harney
Lake through a channel called The Narrows (fig. 1). Harnmey Lake, the
lowest point in the basin, is a natural sump. Evapotranspiration is the
principal means of outflow from the lakes, accounting for 80 to 95
percent of lake water losses (Hubbard, 1975). Hubbard (1975) estimated
evapotranspiration at about 40 inches per year and reported that ground-
water losses were insignificant.
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Figure 2.--Diagram of water movement through the Malheur National Wildlife Refuge.




The Refuge supports a variety of migratory and resident aquatic
birds, raptor and passerine birds, resident game and nongame fish, and
other resident wildlife. The productivity of the Refuge and its size
and diversity of aquatic birdlife makes it an important part of the
Pacific Flyway refuge system.

The area is an attractive tourist destination because of the rugged
and varied nature of the terrain and the variety of wildlife that can be
observed on the Refuge. The National Forests located north of the
Refuge, the Refuge in the central part of the basin, and the Steens
Mountains to the south are also important attractions. Three sites on
the Refuge have been placed on the National Register of Historic Places;
P-Ranch, Sod House Ranch, and Double-O Ranch. The sites include many of
the original buildings and corrals. Parts of the Refuge are considered
significant archaeological sites for American Indian artifacts.

Stinking and Harney Lakes are designated as National Research Natural
Areas. Grazing and recreational use have been excluded from these areas
and each is managed for research, education, and related purposes.

Climate

The Harney Basin has a semi-arid climate with cold winters and
short, relatively warm summers. The growing season averages 90 days.
About 10 inches of precipitation fall in the valley annually, with about
50 percent of the total occurring between November and February; another
10 percent occurs during the driest months of July through September
(Leonard, 1970). Most of the precipitation during November to March is
in the form of snow.

The quantity of precipitation increases with altitude. Annual
precipitation is about 19 inches in the Blue Mountains located north and
northeast of Malheur Lake where the headwaters of the Silvies River,
Sage Hen, Poison, and other creeks are located (Leonard, 1970). Annual
precipitation can exceed 60 inches in the Steen Mountains, located south
of Malheur Lake, which form the headwaters of the Donner und Blitzen
River and numerous other creeks.

Temperature extremes in the Harney Basin are due largely to
elevation and sun exposure. Winter daily temperature minimums in Harney
Valley can average 20 °F less than the daily maximums, whereas summer
(July - August) daily temperature can vary 35 °F throughout a day. Both
Malheur and Harney Lakes commonly freeze over between December and
February.

Geohydrology

The Refuge and surrounding area consists of alluvial and lake
deposits, as well as aeolian sediment derived largely from volcanic
rocks of adjacent uplands. Geologists infer that sedimentation of the
Harney Basin occurred after a basalt extrusion dammed Malheur Gap
(located near Princeton, Oregon), a former drainage outlet for the basin
(Baldwin, 1976).

During Pleistocene time, increased precipitation and decreased
evaporation resulted in a "pluvial" lake in Harney Basin. When at its
highest level, the resulting expanded and deepened lake drained eastward



into the Malheur River. Drainage occurred first through a channel near
Princeton and later through one near Crane, when lava flows blocked the
former outlet (Baldwin, 1976). At the end of the Pleistocene glaciation
period (about 10,000 years ago), warmer and drier conditions caused the
pluvial lake to diminish until it no longer had an outlet and became a
closed basin. Much of this former pluvial lake bottom is now brush-
covered desert or is seasonally flooded grass-sedge meadowland.

Malheur, Mud, and Harney Lakes are remnants of the Pleistocene lake
(Duebbert, 1969).

Alluvial and lake deposits underlie the Harney Valley to depths
approaching 250 feet. These deposits, in turn, are underlain by several
hundred feet or more of older volcanic and sedimentary deposits
(Leonard, 1970). The alluvial deposits consist predominantly of clay,
silt, and fine sand in the central part of the valley, but sand and
gravel predominate along the Silvies River fan near Burns and in other
localities at the edge of the valley. The sand and gravel deposits
gradually become finer southward, interfingering with silt and clay.
Alluvial deposits in the Donner und Blitzen Valley south of Malheur Lake
also are coarse grained and permeable but become finer grained northward.

Much of the ground water within the valley originates from recharge
in the surrounding highlands. In addition, recharge also occurs during
spring snowmelt runoff, when surface water floods parts of the valley.
In Harney Valley, ground water generally moves southward toward Malheur
Lake and either discharges to the atmosphere as evapotranspiration or
discharges to Malheur and Harney Lakes. Ground water is similarly
recharged in the Donner und Blitzen Valley, and ground-water movement is
generally northward toward Malheur Lake (Leonard, 1970).

Some irrigation wells tap unconfined shallow alluvium northwest of
Malheur Lake, but most irrigation wells are completed in semiconfined-
to-confined aquifers in the deeper volcanic and sedimentary rocks.
These deeper wells are located chiefly in the northwestern part of the
valley and along the eastern edge.

Soils

The predominant soils surrounding the Refuge consist of fluvial and
lacustrine deposits. The soils are light-colored and neutral or
calcareous. Much of the area is poorly drained and has shallow
hardpans. Soils in the surrounding valley are on lava plateaus or
plains, which are shallow, stony, and light colored, containing clayey
or loamy subsoils (Atlas of Oregon, 1977).

Most of the land surrounding the Refuge is suitable for livestock
grazing, but not arable. The land is highly susceptible to erosion and
contains alkali (evaporite deposits). Alkali is formed by
evapotranspiration losses of shallow ground water in the arid climate.
The area north of the Refuge has moderate to good arable land and
requires some protection from erosion and improvement for drainage.
Alkali soils can be found in some places south and east of the arable
land (Atlas of Oregon, 1977).



Elemental concentrations of two soil samples collected in the study

area (Boerngen and Shacklette, 1981) fall within a range of geochemical
baseline concentrations of elements found in soils west of the 97th
meridian within the conterminous United States (R. C. Severson, U.S.
Geological Survey, written commun., 1987, based on data in Shacklette
and Boerngen, 1984) [table 1].

Table 1.--Concentration range of elements found in two soil samples

collected at the Malheur National Wildlife Refuge compared to_the
expected 95-percent confidence range for element concentrations in

soils from the Western United States

[$-Wt = percent by weight; ug/g = micrograms per gram by

weight; "--" = not analyzed]
Unit Malheur
of Wildlife Western

Element measure Refuge! United States?
Aluminum $-Wt 10 - >10 1.5 - 23
Arsenic ug/g 5.5 - 7.8 1.2 - 22
Barium ne/g 700 - 700 200 - 1700
Beryllium ug/g 1.5 - 1.5 .13 - 3.6
Boron BE/E 20 - 20 5.8 - 91
Calcium $-Wt 1.16 - 1.60 .19 - 17
Chromium ug/g 30 - 30 8.5 - 200
Copper ug/g 30 - 30 4.9 - 90
Iron $-Wt 3.0 - 5.0 .55 - 8.0
Lead ue/g 10 - 15 5.2 - 55
Mercury IT-944 02 - 03 .0085 - .25
Magnesium $-Wt .5 - .7 .15 - 3.6
Manganese LE/E 500 - 700 97 - 1500
Nickel bg/8 15 - 20 3.4 - 66
Potassium $-Wt 2.53 - 2.80 .38 - 3.2
Selenium ug/e <.1 - .3 .039 - 1.4
Sodium %-Wt 1.5 - 3.0 .26 - 3.7
Strontium Be/g 300 - 500 43 - 930
Uranium ve/g -- 1.2 - 5.3
Vanadium rg/g 70 - 70 18 - 270
Zinc He/8 50 - 99 17 - 180

! Boerngen and Shacklette, 1981.

2 R. C. Severson, U.S. Geological
based on data in Shacklette and

Survey, written commun., 1987
Boerngen, 1984.



Agricultural Practices

The economy of the area surrounding the Refuge and in Harney County
is based largely on agriculture and some forest products. Livestock,
hay, and some grain crops are the chief products of agriculture. The
hay crops are used extensively for raising beef cattle. Irrigation
water for hay crops is derived mainly from spring snowmelt and is used
to flood irrigate the fields. A 1982 census of agriculture lists 409
farms with an average size of 3,647 acres in Harney County (U.S. Army
Corps of Engineers, 1987a). Of the farmland in use, 220,888 acres are
in cropland, 28,365 acres are in woodland, 1,226,764 acres are in
pasture and rangeland, and 15,488 acres are in houselots, roads, and
other nonagricultural uses. About 145,700 acres are irrigated in Harney
County. During normal years, combined irrigation diversions from the
three drainages (Silvies, Donner und Blitzen, and Silver) amount to
about 100,000 acre-feet/year (U.S. Army Corps of Engineers, 1987b).

Within the Refuge boundaries, sufficient lands are in production
for haying and grazing to support up to 5,000 cattle annually (U.S. Fish
and Wildlife Service, 1985). This is 40-60 percent less than was in
production in the late 1960’'s and early 1970’'s when almost every
available acre was used for cattle production. The large drop in
acreage for haying and grazing is primarily due to management efforts to
improve and increase bird nesting and brooding-rearing habitats.

Fish and Wildlife Resources

Malheur National Wildlife Refuge is managed by the U.S. Fish and
Wildlife Service for the benefit of wildlife, particularly migratory
birds. Management is designed to maintain the naturally occurring
diverse mixture of habitats located within the Refuge boundaries (U.S.
Fish and Wildlife Service, 1985). The broad goals of the Refuge are to
preserve, restore, and enhance all threatened and endangered species; to
perpetuate the migratory bird resource; and to preserve the natural
diversity and abundance of flora and fauna. The Refuge also tries to
provide the public with an understanding and appreciation of fish and
wildlife ecology, and provide visitors with high quality and enjoyable
recreational experiences oriented towards wildlife to the extent these
activities do not interfere with the purposes for which the Refuge was
established.

Management of the Refuge focuses on several key practices that
include vegetation management, water management, farming, aquatic-plant
production, predator management, reduction of human disturbances, and
waterfowl-disease monitoring (U.S. Fish and Wildlife Service, 1985).
Predation, primarily by ravens, coyotes, and raccoons plays a critical
role in limiting success of breeding aquatic birds. Consequently, the
Refuge has begun an effort to maintain predator populations at a level
compatible with aquatic-bird populations.

Vegetation management is used on the Refuge to promote new growth
for nesting cover, recycle nutrients, reduce brush, increase abundance
of grasses, open up densely vegetated marshes, and create open feeding
areas. This is accomplished by irrigation, haying, grazing, deferment
from haying and grazing, prescribed burning, and noxious weed control.
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The Refuge uses crop management to supplement the food supply for
seasonal use by some aquatic birds. Crops are cooperatively farmed.

The most common crops grown are barley, wheat, and oats. Production of
aquatic plants in many areas of the Refuge is very low primarily because
of the negative impacts of carp populations on the growth of these
plants. Control of carp populations is difficult because the tremendous
size of Malheur and Harney Lakes makes chemical-control cost
prohibitive.

The value of the Refuge to migratory aquatic birds is largely
dependent on adequate water resources. Refuge water supplies influence
wildlife production by providing habitat for territories, nesting, and
feeding, and for production of food plants and organisms. Water
supplies are determined primarily by annual precipitation and
evaporation rates in the Malheur-Harney Lakes area. The Refuge has
limited control of water supplies by irrigation systems, such as dikes,
canals, and other structures in the Blitzen Valley and the Double-O.
Thus, its water supply is almost wholly dependent on natural water
fluxes.

For management purposes, the Refuge is divided into four planning
units: Double-0, Harney and Mud Lakes, Malheur Lake, and Blitzen Valley
(U.S. Fish and Wildlife Service, 1985). The land- and water-management
plan for Double-O and Blitzen Valley follows a developmental theme and
is extensively developed with roads, dikes, ditches, water-control
structures, ponds, nesting islands, farming, and irrigation. Management
for Harney, Mud, and Malheur Lakes is nondevelopmental and emphasizes
the use of natural ecosystem processes.

A diversity of fish and wildlife habitats occurs on the Refuge
including warm water and cold water fish habitat, riparian areas, open
water, marshes, nesting islands, irrigated meadows and grainfields, and
uplands. The area serves as a major feeding, resting, and nesting area
for migrating waterfowl, shorebirds, marsh birds, colonial nesting
waterbirds, and raptor and passerine bird species in the Pacific Flyway.
The marshes of the Refuge provide critical nesting and brooding habitat
for diving ducks (redheads, canvasbacks, and ruddy ducks), geese and
swans (Canada geese and trumpeter swans), colonial nesting species
(eared and western grebes, white pelicans, double-crested cormorants,
great blue herons, great egrets, bitterns, black-crowned night herons,
and white-faced ibis), and other marsh and shorebirds. Malheur supports
a crucial nesting population of greater sandhill cranes. Up to 90
percent of the California central valley population use the Refuge
grainfields during fall migration. The shoreline sand and mudflat areas
are important nesting and feeding habitat for snowy plovers, black-
necked stilts, and American avocets. Large numbers of killdeer, long-
billed curlews, Franklin'’s gulls, loggerhead shrikes, yellow warblers,
willow flycatchers, and Brewer'’s sparrows are also produced annually.
Several pairs of golden eagles are known to nest on the rimrocks in
upland areas of the Refuge. Bald eagles frequent the area primarily
during the winter and spring migration periods. Peregrine falcons
periodically use the Refuge for feeding.

The Malheur-Harney Lakes area supports a variety of native and

introduced game and nongame fish (Vorderstrasse and Garst, 1987). Game
fish include Lahontan cutthroat, brook, rainbow, and redband trout;
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whitefish; bluegill and pumpkinseed sunfish; brown bullhead; channel
catfish; white crappie; yellow perch; and largemouth and smallmouth
bass. Nongame fish include common carp, sucker, Tui chub, chiselmouth,
shiner, dace, sculpins, and squawfish. Angling for game fish is
prohibited on Malheur, Mud and Harney Lakes because of potential
conflicts with migratory bird objectives.

Common carp provide a food source for large numbers of fish-eating
birds, but have a destructive impact on submergent vegetation and
aquatic-food resources. Consumption of plants and the turbid conditions
created by their feeding and spawning actions prevents the growth of
most aquatic plants. A lack of submergent vegetation has an adverse
effect on bird production by limiting the availability of aquatic
invertebrates which are necessary for food during the early development
of many aquatic birds. The carp’s activities also adversely effect
migratory birds by depleting food resources. In 1978, Malheur Lake was
treated with rotenone to reduce the carp population and allow recovery
of submergent vegetation, particularly sego pondweed (Horton and others,
1983). The control program resulted in major increases in plant
abundance which increased the use of the Refuge by migratory birds.
However, since that time, carp numbers have substantially increased and
sego pondweed is now virtually absent from the lakes.

The Refuge supports a large variety of resident wildlife species
(Vorderstrasse and Garst, 1987). In upland regions, mule deer and
pronghorn antelope are common. Mink, beaver, long-tailed weasels, and
muskrat are abundant in wet meadows and other aquatic habitats.
Rabbits, coyotes, and many species of rodents are common in most
habitats. Evidence of bobcats is occasionally found in rocky upland
habitats. Although the Refuge is not specially managed for upland game
birds, it does support populations of ring-necked pheasant, chukar,
quail, and mourning dove. A large variety of passerines also inhabit
the area.

Approximately 57,000 acres of wildlife habitat on the Refuge was
inundated during the high water period from record rainfall and heavy
snowpacks in the early 1980's (U.S. Fish and Wildlife Service, 1984;
Vorderstrasse and Garst, 1987). Increasing water levels have caused
dramatic changes in habitats and in the abundance of some birds using
the area. Prior to flooding, Malheur Lake was predominately islands and
large shallow water areas dominated by emergent vegetation. With rising
water levels, the lakes became too deep to support emergent vegetation
and rose too rapidly to allow establishment of new wetland vegetation.
Ice and wave action from the high water destroyed vegetation, brush, and
numerous trees used for nesting. Thus, the loss of critical nesting
habitat resulted in a reduction in the number of nesting pairs of some
birds. Flooding also eliminated feeding habitats for numerous species
that forage in shallow water, mudflats, sandy exposed areas, alkali
playas, marsh vegetation, and emergent plant habitat. Duck nesting
decreased after the loss of nesting and foraging habitat (fig. 3).
Spring and fall waterfowl use also declined on the Refuge. Nesting and
migrational use of Malheur by shorebirds decreased because of the loss
of shallow water, mudflats, and alkali playas traditionally used for
feeding and nesting.
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Figure 3.--Estimated number of nesting pairs of waterfowl and colonial birds using the Malheur-Harney
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The rising water levels also were disruptive to colonial nesting
birds. The overall effect of flooding was the dispersal of birds from a
few large colonies to numerous, small scattered colonies. Nesting pairs
of several species of colonial nesting birds increased, including
double-crested cormorants, great blue herons, white-faced ibis,
California gulls, caspian terns, and white pelicans (fig. 3). With the
onset of flooding, the deep open-water areas of the lakes were-greatly
increased, providing more foraging opportunities for fish-eating birds,
such as double-crested cormorants and white pelicans. White pelicans
nested on the Refuge in 1985 for the first time since 1960, and the
number of nesting pairs has continued to increase (fig. 3). In the
future, bird species and numbers on the Refuge can be expected to
continue to change as the high water recedes to more normal conditions.

HYDROLOGIC SETTING

As previously noted, the Donner und Blitzen River and the Silvies
River are the principal surface-water inflows to Malheur Lake, while
Silver Creek flows directly into Harney Lake. The Silvies River and
Silver Creek drain forested uplands rising to over 6,000 feet, while the
Donner und Blitzen River drains the over 9,000-foot Steen Mountains.
Spring snowmelt runoff is the principal source of streamflow and ground-
water recharge to the area. Because the Silvies River and Silver Creek
drainages are at lower elevations than the Donner und Blitzen River
drainage, the duration and timing of their respective peak flows are
different. As shown in figure 4, 1988 peak flow from the Donner und
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Figure 4.--Daily mean streamflow of the Silvies and the Donner und Blitzen Rivers, 1988 water year.
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Blitzen River arrived a few weeks later than the flow from the Silvies
River. The Donner und Blitzen River peak flow also is higher, and
continues later in the season as the higher-level snow melts off (fig.
4). When Malheur lake-surface elevation reaches 4,092 feet, water
flows from the main body of Malheur Lake through the Narrows into Mud
Lake, and then into Harney Lake. Because Harney Lake has no outflow
streams, the only source of water loss to the system is through
evaporation. On an annual basis, the lowest levels in Malheur Lake
occur typically in September or October. The highest levels occur
generally in May or June, as a result of spring snowmelt runoff.

Hubbard (1975) estimated the contributions of ground water and
precipitation (direct input to the lake surface) to Malheur Lake;
estimates for Harney and Mud Lakes were not made. The only appreciable
source of ground-water flow into Malheur Lake was Sod House Springs
located near the mouth of the Donner und Blitzen River. During 1972 and
1973 water years, Sod House Springs estimated contribution was 4 and 12
percent, respectively of the inflow to Malheur Lake, while estimated
inflow from precipitation to the lake was 13 and 25 percent,
respectively (Hubbard, 1975). The remaining 63 to 83 percent of the
inflow to Malheur Lake was surface-water contributions from the Donner
und Blitzen and Silvies Rivers. Hubbard (1975) estimated that during
1972 and 1973 water years, evapotranspiration accounted for 80 and 96
percent, respectively, of the water outflow from Malheur Lake, with the
remaining surface-water outflow through The Narrows.

Record snowfalls and unusually cool summers beginning in 1982
caused Malheur Lake surface elevation to rise dramatically (fig. 5). On
June 27, 1984, Malheur Lake reached a lake-surface elevation of 4,102.4
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Figure 5.--Malheur Lake annus! peak slevation, 1972-90 water years.
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feet, the highest level for the period of record at that time (1903-84).
More than 170,000 acres of land were inundated at this lake level
(Hubbard, 1989). Prior to 1984, the previous maximum lake-surface areas
ranged from 50,000 to 60,000 acres. The extensive enlargement of the
lake system caused the joining of Malheur, Mud, and Harney Lakes into
one large lake. In addition, rising lake levels flooded approximately
25 ranches (55,000 acres of agricultural land), the Union Pacific
Railroad serving Burns, parts of two highways and two adjoining county
roads, and large areas of wildlife habitat. The record lake-surface
elevation was surpassed in 1985 (4,102.5 feet) and in 1986 (4,102.6
feet). Since 1987, below normal snow-precipitation patterns caused
lake-surface elevation to recede slowly (maximum level of 4,101.1 feet
in 1987, 4,099.1 feet in 1988, 4,098.4 feet in 1989, and 4,096.4 in
1990; fig. 5). The lake-surface elevation of 4,093 feet is considered
to be a "normal" mean annual maximum for the period 1938-81 (National
Weather Service, 1984).

PREVIOUS STUDIES

Several hydrologic and environmental studies have been done in the
Malheur-Harney Lakes area. Both published and unpublished data from
these studies provide supplementary information to the current
reconnaissance study. Summaries of these studies follow.

Water and Bottom Sediment

Phillips and Van Denburgh (1971) did a study in the early 1960's to
characterize the hydrology and geochemistry of closed-basin lakes in
south-central Oregon. Among the basins studied was the Malheur-Harney
Lake system (supplemental data table 24, at the back of this report).
Of geochemical interest was the contrast in chemical analyses of water
collected within the lakes in water years 1912 and 1962. The contrast
was attributed to (1) year-to-year changes in the lakes'’ stored-solute
tonnage due to varying increases and decreases of outflow, and (2)
controls on calcium carbonate solubility due to evaporation. However,
these factors did not explain the increase in relative amounts of
sulfate from about 2 times the chloride concentration in 1912 to 11
times in 1961. Phillips and Van Denburgh (1971) believed that the
increase in sulfate concentration in 1961 was due to agricultural
application of gypsum (calcium sulfate) being used as an alkali-soil
conditioner. For their closed-lake basin study, Phillips and Van
Denburgh (1971) noted that sodium and potassium were by far the most
abundant cations, while the combined amount of carbonate plus
bicarbonate and chloride ranked first or second among the anions.
Calcium-sodium-bicarbonate (Ca-Na-HCO;) were the predominant ions found
in Malheur Lake, whereas sodium-chloride-bicarbonate+carbonate
(Na-Cl1-HCO43+C0O3) were the predominant ions in Harney Lake.

Calcium and magnesium, although usually the most abundant cations
found in most water and rock-forming minerals in the area, were found in
only relatively minor quantities in the saline lakes of the study area
(Phillips and Van Denburgh, 1971). Calcium was believed to be depleted
by precipitation of calcium carbonate minerals. Magnesium depletion
could not be fully explained by carbonate precipitation. A part of the
magnesium may have been combining with silica to form amorphous or
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poorly defined montmorillonoid magnesium silicates (Phillips and Van
Denburgh, 1971). Biological assimilation of significant amounts of

calcium and magnesium also was thought to account for a part of the

depletion (Phillips and Van Denburgh, 1971).

Hubbard (1975) did a study in the early 1970's to describe the
hydrology of Malheur Lake. Chemical analyses were made from both water
and bottom-sediment samples collected from major inflows and outflows,
and from the lake (supplemental data table 24). These chemical data
were used to supplement the description of the hydrology. Hubbard
(1975) concluded that the quality of Malheur Lake differed greatly from
one point in the lake to another, as well as from one point in time to
another. Inflows from the Donner und Blitzen River, the Silvies River,
and Sod House Springs were all low in dissolved solids relative to
concentrations found within the lake. During summer months, water
evaporation caused lake levels to recede and dissolved-solids
concentrations to increase. Bottom-sediment samples showed only minor
amounts of organochlorine pesticides and trace elements.
Dichlorodiphenyldichloroethylene (DDE) was the only pesticide found in
bottom sediment and ranged in concentration from 0.4 to 0.8 ug/kg
(micrograms per kilogram). Using data from Hubbard (1975), Ca-HCO; was
determined to be the predominant solute in Malheur Lake.

Fuste’ and McKenzie (1987) characterized the water quality in
Harney, Mud, and Malheur Lakes for 1984 and 1985. They noted that
concentrations of sodium, potassium, chloride, sulfate, silica,
dissolved solids, arsenic, beryllium, boron, bromide, iodide,
molybdenum, and vanadium generally increased from Malheur to Mud to
Harney Lakes (supplemental data table 24). The relatively high
concentrations of these constituents in Harney Lake were derived from
thermal springs surrounding the lake and by water evaporation. Calcium
and magnesium did not show the same increases (a possible consequence of
precipitation of calcium and magnesium minerals). 1In 1984, the
predominant cations were Na>>Ca>K>Mg in Malheur Lake and Na>>K>Ca>Mg in
Harney Lake. On the basis of Fuste’ and McKenzie'’s data (1987), Na-HCO,4
were the predominant ions found in Malheur Lake, whereas Na-Cl-HCO3;+CO,
were the predominant ions in Harney Lake. Concentrations of sodium,
chloride, and arsenic, and specific conductance and sodium adsorption
ratio in Malheur Lake increased significantly from 1984 to 1985. The
increase of those ions with time could be from the inflow of saline
water from Harney Lake and the dissolution of evaporite deposit
surrounding Malheur and Harney Lakes as water levels rose. Fuste’' and
McKenzie (1987) also found that:

(1) compared with concentrations measured by Hubbard (1975) in Malheur
Lake, the 1984-1985 data indicated that the lake was more
homogeneous in composition;

(2) surface-water quality of streams flowing into Malheur Lake were
similar to those observed in normal precipitation years; and

(3) boron concentrations in Mud and Harney Lakes, which ranged in
concentration from 1,800 to 4,000 upg/L (micrograms per liter),
exceeded the criterion for crop irrigation of 750 ug/L (U.S.
Environmental Protection Agency, 1976).
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In response to concerns of elevated concentrations of mercury in
fish tissues and elevated concentrations of arsenic and boron in water
from Harney County (Oregon Department of Environmental Quality, unpub.
data, 1984; Fuste’' and McKenzie, 1987), the U.S. Fish and Wildlife
Service collected samples of aquatic birds and fish from Harney Lake and
The Narrows in 1985 (U.S. Fish and Wildlife Service, unpub. data, 1985).
Additional fish samples were collected in 1986 from near the Refuge
headquarters, The Narrows, and Malheur River (U.S. Fish and Wildlife
Service, unpub. data, 1986). Livers of the birds and whole body samples
of fish were analyzed for trace elements. Concentrations of most
elements were either below detectable concentrations or below
concentrations suspected of being hazardous to fish and wildlife. Minor
differences were observed in the chemical constituents of samples
collected from the three sites on the Refuge and from Malheur River
(tables 2 and 3). Samples from the Refuge had greater concentrations of
zinc, mercury, and boron; whereas samples from Malheur River had higher
concentrations of cadmium and lead, although most of these differences
were not substantial.

One of the reasons for collecting biological samples in 1985 and
1986 was concern over concentrations of arsenic and boron in water;
however, arsenic and boron did not appear to accumulate in fish or most
bird tissues, Most concentrations of arsenic and boron were small or
below reporting levels (tables 2 and 3). Fish contained smaller arsenic
concentrations than the 85th percentile value for the National
Contaminant Biomonitoring Program (NCBP) [Lowe and others, 1985; table
2]. Arsenic in bird tissues was below concentrations reported to cause
reproductive problems or mortality (Eisler, 1988a; Goede, 1985). Boron
concentrations were elevated in American coot livers (11 to 31 ug/g),
but not in western grebes (<0.04 to 4.0 ug/g [micrograms per gram]).
These values were lower than mean liver concentrations found associated
with reproductive impairment in experimental feeding studies with
mallards (Smith and Anders, 1989).

Cadmium, copper, mercury, selenium, and zinc were the only other
elements in the 1985-86 data elevated in some fish and (or) bird samples
(tables 2 and 3). Some of the fish tissue from the Refuge and Malheur
River contained concentrations of cadmium, copper, mercury, and zinc
that exceeded the 85th percentile value for the NCBP (Lowe and others,
1985; table 2). Geometric mean concentrations of mercury in livers of
western grebes were as much as five times greater (table 3) than those
found to be associated with reproductive impairment in nesting mallards
(Heinz, 1979). Two samples contained mercury concentrations greater
than 60 pug/g. Western grebes also had relatively large concentrations
of selenium that ranged from 4 to 25 ug/g (table 3). Selenium threshold
concentrations of 15 to 26 ug/g are known to cause teratogenicity and
reduced hatching success in aquatic birds (Heinz and others, 1989;
Ohlendorf and others, 1986a, Ohlendorf, 1989); two of the six western
grebe samples exceeded these concentrations.
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Table 2.--Concentrations of selected trace elements in fish from the
Malheur National Wildlife Refuge and Malheur River, 1885-86, compared
to concentrations in fish collected for the National Contaminant

Biomonitoring Program (NCBP)

[Concentrations in micrograms per gram on a dry weight basis; geometric means reported
when at least 50 percent of the samples contained detectable concentrations; one-half the
reporting level was used in mean calculations; minimum and maximum range values in
parenthesis; N equals the number of samples collected; -- indicates no samples analyzed;
< (less than values) were less than the reporting levell]

Malheur Refuge The Narrows The Narrows Malheur River

1
NCBP‘/ 1986 1985 1986 1986
Mean 85th percentile (N=5) (N=5) (N=4) (N=8)
Arsenic 0.56 0.88 0.22 0.12 0.24
(<0.04-0.10) (0.17-0.28) (0.08-0.44) (<0.04-0.70)
Boron -- == 4.1 3.05
(<2-5.0) (<3.5-8.0) (<2-7.2) (<2-<2)
Cadmium .12 0.03 0.22 0.067 0.14
(<0.03-0.19) (<0.21-0.40) (<0.05-0.19) (0.087-3.2)
Chromium -- 1.8 0.73
(<0.7-<1.0) (<1.7-4.1) (<0.7-0.80) (<0.7-2.0)
Copper 2.7 1.8 2.2 1.8 3.0
(0.92-4.3) (<0.69-4.1) (0.81-3.8) (2.2-4.3)
Lead .68 0.40 0.63
(0.40-0.40) (<3-<3) (0.30-<0.7) (<3-3.1)
Mercury b4 1.2 0.33 0.62 0.33
(0.43-3.5) (0.18-0.86) (0.44-0.76) (0.10-1.7)
Selenium 1.8 0.50 0.41 0.75 1.04
(0.2-1.0) (0.26-0.69) (0.62-1.1) (0.47-2.8)
Zinc 85 g1 99 101 72
(68-180) (58-220) (61-200) (47-140)

1/ National Contaminant Biomonitoring Program (Lowe and others, 1885) concentrations (1980-81)

converted to dry weight assuming 75-percent moisture.
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Table 3.--Concentrations of selected elements in livers of aquatic birds
from Harney Lake at the Malheur National Wildlife Refuge, 1985

[Concentrations in micrograms per gram on a dry weight basis;
geometric means reported when at least 50 percent of the samples
contained detectable concentrations; one-half the detection level
was used in mean calculations; minimum and maximum range values in
parenthesis; N equals the number of samples collected; < (less
than values) were less than the reporting level]

Element N American coot Western grebe
Arsenic 6 1.6
(0.97-1.8) (<0.04-<0.04)
Boron 6 23
(11-31) (<0.04-4.0)
Cadmium 6 0.36 0.39
(<0.23-1.5) (0.13-1.1)
Chromium 6
(<1.8-<2.0) (<1.8-<2.1)
Copper 6 29 11
(9.2-86) (1.0-20)
Lead 6
(<3.2-<3.4) (<3.2-<3.4)
Mercury 6 0.70 30
(0.45-0.87) (9.6-75)
Selenium 6 2.5 11
(0.78-5.9) (4.0-25)
Zinc 6 140 90
(107-220) (70-140)

Concentrations of copper and zinc were elevated in some bird liver
samples (table 3). Concentrations of copper in bird livers were less than
those found in other monitoring studies (Ohlendorf and others, 1986b),
whereas, zinc concentrations approached levels found in birds collected
from zinc-contaminated sites (Lande, 1977). Copper and zinc concentrations
were below concentrations believed to be acutely or subacutely toxic to
avian species (Gasaway and Buss, 1972; Hapke, 1975). However, the chronic
effects of these two elements are not well understood.
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SAMPLE COLLECTION AND ANALYSIS

The sampling protocol for this study was designed to collect
reconnaissance-level data at optimal times and locations for detecting
selected chemical-constituent concentrations associated with irrigation
drainage.

Site Selection

The study area was the Malheur-Mud-Harney Lakes system and the
streams, springs, and irrigation flow that drain into the system. Sampling
sites were selected to represent the types of water and habitats where
irrigation drainage may have an impact. Thus, streams draining irrigated
and wetland areas, springs supplying water to irrigated land and to the
Refuge, lakes (Malheur and Harney Lakes)

receiving irrigation drainage, and sites in critical fish and wildlife
habitat areas were sampled. In addition, sites located upstream of
irrigated areas were sampled for comparison with sites downstream of or
within irrigated areas. Locations of the water and bottom-sediment
sampling sites are given in table 4 and figure 6.

Locations of biological sampling sites were not as clearly defined as
those for collection of water and bottom sediment because of the mobility
of fish and wildlife, the scarcity of desired organisms, and the location
of suitable habitat. Thus, three general drainage sites were selected
within the study area that correspond to west Harney Lake (inflow of Silver
Creek), north Malheur Lake (inflow of Silvies River), and south Malheur
Lake (inflow of Donner und Blitzen River) [fig. 7]. These sites will be
referred to as Harney, North Malheur, and South Malheur sampling sites in
this report. Sampling sites for biological samples roughly corresponded to
selected sampling sites for water and bottom sediment. The north Malheur
biological site (fig. 7) corresponded to water and bottom-sediment sites
designated as sampling-site numbers 14 and 15 (fig. 6); the south Malheur
biological site (fig. 7) corresponded to water and bottom-sediment sites
designated as sampling-site numbers 13 and 15 (fig. 6); and the Harmey
biological site (fig. 7) corresponded to water and bottom-sediment sites
designated as sampling-site numbers 12 and 16 (fig. 6).

Types of Samples Analyzed

Surface water, spring water, bottom sediment, aquatic plants, aquatic
invertebrates, fish, birds, and bird eggs were analyzed for selected
chemical elements (table 5) and organic compounds (table 6).

Twenty-two water samples were analyzed for dissolved major and minor
elements and nutrients. Seven of the samples also were analyzed for
additional elements necessary for geochemical interpretation. Nineteen
water samples were analyzed for deuterium and oxygen-18 isotopic ratios.
Unfiltered water samples from two sites (Malheur and Harney Lakes) were
analyzed for triazine and chlorophenoxy-acid-herbicide compounds (table 6).

Bottom-sediment samples were collected from five sites and analyzed
for total organic carbon, selected major and minor elements (table 5), and
organochlorine pesticides and polychlorinated biphenyl compounds (table 6).
The bottom sediment was separated into two size classes; the less than 63
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Table 4.--Sampling locations and site descriptions for collection of water
and bottom sediment from the Malheur-Harney Lake basin, 1988

[Abbreviations used for constituents are: ID = identification, WS = water
sample, BS = bottom sediment, TE = trace elements, MI = major ions,
RN = radionuclides, NU = nutrients, OC = organochlorine compounds, and
HB = herbicides]

Map Site
iD ID
(figure 6) Station name Constituents Location
1 SRFD Silvies River at WS - TE+MI+RN+NU Lat 43°39'08"
Fivemile Dam Long 119°05'20"
2 EFSR East Fork Silvies WS - TE+MI+RN+NU Lat  43°29'00"
River nr Redess Long 118°53'56"
3 WFSR West Fork Silvies WS -TE+MI+RN+NU Lat 43°28'52"
River on Hwy 205 Long 119°01’'09"
nr Mile Post 7
4 DUBR Donner und Blitzen WS - TE+MI+RN+NU Lat  42°48'08"
River at Page Springs Long 118°52'01"
5 DUBV  Donner und Blitzen WS-TE+MI+RN+NU Lat  43°15'04"
River nr Voltage Long 118°51’23"
6 SHSV  Sod House Springs WS -TE+MI+RN+NU Lat  43°16'05"
nr Voltage Long 118°50'55"
7 SDCI  South Diamond Canal to WS - TE+MI+RN+NU Lat  43°02'48"
Donner und Blitzen River Long 118°50°'07"
8 SCNR Silver Creek nr Riley WS - TE+MI+RN+NU Lat  43°41'30"
Long 119°39'30"
9 DOCS Double O Cold Springs WS -TE+MI+RN+NU Lat  43°16'49"
nr Double O Station Long 119°19'08"
10 BHBS Combined Basque, Hibbord, WS-TE+MI+RN+NU Lat 43°15'32"
and Barnyard Springs Long 119°14'47"
11 HLSC Harney Lake nr inflow BS-0C+TE Lat  43°16'24"
of Silver Creek Long 119°12'32"
12 MLDB Malheur Lake nr inflow BS-OC+TE Lat  43°16'14"
of Donner Und Blitzen R Long 118°51'03"
13 MLSR Malheur Lake nr inflow BS-0C+TE Lat  43°23'55"
of Silvies River Long 118°52'14"
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