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Executive Summary
 

The 2006 Alvord Lake Sub-basin Watershed Assessment has been produced by the Harney County 
Watershed Council and supported by various other entities. The main purpose of this document is to discuss 
the components, management issues and indicators of watershed health in the Alvord Lake Sub-basin. Other 
parts of this document focus on describing the sub-basin, the plants and animals which are found in the sub
basin, and various other management topics. 

Watershed health can be defined and assessed in various manners, and there is no exact set of components 
which must be universally addressed in any assessment. The Alvord Lake Sub-basin is large-approximately 
1,280,000 acres. Budgetary and time restrictions on completing this report required that much of the enclosed 
information be obtained from data collected by various government agencies, as well as published 
documents. On-the-ground assessment work specifically for this report was limited, with most taking place 
on private lands where voluntary cooperation of individual landowners was obtained. There was also a small 
amount of work performed on public lands where specific data gaps relating to watershed health existed. 

Three of the largest apparent threats to watershed health in the sub-basin involve invasive plants, which 
disrupt and replace native vegetation, causing watershed health problems: 1) Cheatgrass tBromus teetorum 
L.) is a widely distributed, introduced annual grass, which is not classified as a noxious weed. Its effects are 
significant, since after disturbances such as fire it can replace desirable native species. Once on a site, 
cheat grass can increase the frequency and size of later fires and its presence can make a site more susceptible 
to invasions by other weeds. 2) Noxious weeds are still somewhat limited in the Alvord Lake Sub-basin due 
to effective control efforts by goverrunent agencies and private landowners. Continued diligent efforts will be 
needed by all parties to keep the sub-basin relatively weed free into the future. 3) Western juniper (Juniperus 
occidentalis var. occidentalis Hook .) is a native tree species whose distribution and cover in the 
intermountain west is expanding at the expense of other vegetation components and apparent hydrological 
functions in its habitat. Its ecology and control measures are becoming more completely understood, but 
control is expensive. Though not yet a major problem in the sub-basin, it is encroaching from adjacent areas 
where it is very problematic. 

Rangeland fires are a natural component of the Alvord Lake Sub-basin and native vegetation types in the 
sub-basin have evolved with fire as part of their ecology. However, the partial control of wildfire by humans 
in the last 75 to 100 years has allowed for rapid juniper expansion, and purposeful fires are now often used to 
control this species. In addition, fire can prompt noxious weed and cheatgrass invasions into some areas. Fire 
management and purposeful fire use will play an increasingly important role in the sub-basin, but must be 
carried out wisely to reduce the risk of exacerbating existing problems. 

The riparian zones along perennial streams in the sub-basin appear to generally be in good condition given 
the results of assessments made on both public and private lands. Previous work by the Oregon Department 
of Environmental Quality defined some of the desired riparian vegetative conditions and stream 
characteristics for the sub-basin. Elevated water temperature is recognized as a concern in some sub-basin 
streams . Management actions to assure healthy riparian zones have been enacted in attempts to provide 
sufficient shade to lessen water temperature changes. 

Stream sediment sources were assessed for a limited number of non-roaded stream miles, at numerous stream 
crossings (bridges, culverts and fords) and in settings where roads ran directly adjacent to channels. The 
general conclusion was that significant amounts of stream sediment are not produced at road/stream 
interfaces. Instead, stream sediment apparently is the product of natural stream channel movement (i.e. 
cutting and filling) and/or the result of historic or current management practices which may enhance erosion. 

There are many special status animal species in the sub-basin whose survival and population viability are 
dependent on watershed health. We discuss four of these in greater depth than we do other special status 
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animal and plant species: 1) The Lahontan cutthroat trout is believed to be native to Willow and Whitehorse 
Creeks. It has also been successfully introduced to other streams in the sub-basin. Population sizes of this 
species appear dependent on healthy habitat and on the extent of stream reaches with adequate water, which 
can vary with even short term climate changes. 2) The Borax Lake chub is a small minnow restricted to the 
Borax Lake ecosystem (size ~ 10 acres) south of Alvord Lake. The possible manipulation of surface flows 
from Borax Lake, its highly restricted range and specialized habitat put this species at risk. Additionally 
geothermal energy exploration was once proposed in the area, but due to a federal land use decision, that is 
currently not a threat on public lands . 3) The Alvord chub is a minnow which inhabits marshes, creeks, and 
springs in the sub-basin. It is a sister taxon of the Borax Lake chub, but is now isolated both geographically 
and genetically from the Borax Lake chub . 4) The western subspecies of the Greater sage-grouse is a special 
status bird species which regularly lives in the sub-basin year around. This species has disappeared from five 
U.S. states and one Canadian province. While its population is thought to now be stable in Oregon, 
management efforts are underway to conserve the sagebrush-grassland communities it uses throughout each 
year. 

Other sections of this report document and discuss: 1) the incorrect mapping of the extent of perennial stream 
reaches in the sub-basin, and 2) two situations, on alluvial fans and in irrigated hay meadows, where human 
control of stream water has appeared to benefit fish and riparian habitat in and along sub-basin streams. 

Livestock grazing is the most extensive land use in the Alvord Lake Sub-basin. This report contains a brief 
history of grazing management and a short discussion of inventory, evaluation and monitoring methods used 
for rangelands. The ecological status (seral stage of the vegetation) of public lands in the sub-basin is 
presented, using data which is about 20 and 10 years old (Bums and Vale Bureau of Land Management 
Districts, respectively). For other inventory, evaluation or monitoring information, which may be based on 
specific management objectives, readers should consult the two Bureau of Land Management district offices. 

The situations on alluvial fans and in irrigated hay meadows illustrate a reoccurring theme of this assessment. 
Human alteration of the natural environments of the Alvord Lake Sub-basin has provided some apparent 
benefits-for example extending stream surface flow and increasing the amount of riparian vegetation. 
However, we do not know all of the resulting impacts of those alterations. Negative impacts may be 
occurring which are not yet visible or understood. Proper future management of the sub-basin will require a 
broad understanding of all sub-basin components and their interactions. 
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Chapter 1 - Introduction 

~1-'~
 
This chapter is a short introduction to the Harney County Watershed Council, the Alvord Lake Sub-basin, 
and this watershed assessment report. 

HARNEY COUNTY 
WATERSHED COUNCIL 

The Harney County Watershed Council 
(HCWC) addresses issues and concerns 
about watershed health in the Malheur 
Lakes Basin, which is made up of seven 
sub-basins (Map I, page 3). HCWC 
provides a framework for education, 
coordination, and cooperation among 
interested parties for the development and 
implementation of watershed plans and 
activities beneficial to the people and the 
environment. 

Photo courtesy of BLM 

Mission 
The Council recognizes that local economic and ecological prosperity is dependant upon the current and 
future availability and quality of water. Therefore, the Harney County Watershed Council is committed to 
this three-part goal: 

I. Determine the health of individual watersheds or watershed segments. 
2. Retain the health of high quality watersheds. 
3. Restore and enhance those watersheds, or portions thereof, that can be improved. 

Malheur Lakes Basin Watershed Assessments 
The purpose of a watershed assessment is to provide a factual basis for watershed management plans. The 
assessments serve as a planning tool for the HCWC and others. Some assessments are grant funded and 
developed under contract with the Oregon Watershed Enhancement Board (OWES) using the guidelines in 
the OWEB Assessment Manual. 

The Malheur Lakes Basin Watershed covers approximately 6.1 million acres. The basin is comprised of 
seven sub-basins: Silver, Silvies, Hamey-Malheur Lakes, Donner und Blitzen, Guano, Thousand-Virgin and 
Alvord Lake. Some of these sub-basins overlap into Grant, Lake, Crook and Malheur Counties in Oregon, 
and Humboldt County in Nevada. (See Maps I and 2.) Given the large geographic land mass that these 
basins cover, assessing the health of even a single sub-basin is an expensive and complex task. 

The HCWC was created in 1998 with primary goals of assessing each sub-basin and educating themselves 
and the community about watershed health issues. Toward this end, four sub-basin assessments have been 
previously completed and after this report two remain to be completed: Guano and Thousand-Virgin. These 
two remaining sub-basins are in the southwest portion of the basin. When all seven sub-basin assessments are 
complete, the watershed council will begin a process to review them in total and complete a Basin Action 
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Plan. The council will compile the old and new data into a meaningful picture of the basin, and then identify 
and prioritize specific projects to improve watershed health for the entire basin. In the meantime, HCWC and 
others use the completed assessments to guide projects throughout the Malheur Lakes Basin. 

For this process to be most effective, the community needs to be fully engaged. The HCWC has good 
collaboration with the public land management agencies that manage over three-quarters of the land in 
Harney County, and involvement of private landowners has been increasing. The council continues to 
expand private landowner and citizen involvement through education and opportunities to participate in 
developing, implementing and overseeing actions and projects. 

HCWC benefits from the active involvement of the following entities: private landowners, Oregon Water 
Resources Department, Oregon Department of Fish and Wildlife, Harney County, Malheur County, USDI 
Bureau of Land Management, Burns Paiute Tribe, OWEB, USDA Forest Service, Izaak Walton League, 
Malheur National Wildlife Refuge, Oregon Department of EnvironmentaJ Quality, U.S. Fish and Wildlife, 
USDA Agriculture Research Service. 
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SCOPE OF THE ASSESSMENT
 

The Alvord Lake Sub-basin is large , occupying nearly 1.4 million acres in Harney and Malheur Counties in 
Oregon and Humboldt County in Nevada. The portion of the sub-basin in Nevada (95,000 acres) is not 
assessed in this document (see discussion in Appendix I , page 173.) 

The funds available for this project were limited and the Harney County Watershed Council (HCWC) needed 
to carefully choose the types and amounts of work which could be completed for this document. However, 
our capabilities to produce an informative document have been greatly enhanced by in-kind support provided 
by the Bums and Vale Bureau of Land Management Districts and by other federal , state and county agencies. 
In general , HCWC decided the focus of this watershed assessment would be to summarize data from existing 
research and management plans, plus fill data gaps where poss ible by conducting field assessments with the 
cooperation of private land owners. 

The United States Department of Interior, Bureau of Land Management (BLM) manages nearly 83% of the 
sub-basi n area (Oregon) and has extensive on-going efforts to assess their lands. Similarly, other federal, 
state and county agencies have on-going management activities in the sub-basin . 

Snow stays year around on the high 
Steens. Alvord Desert, close by, but 5000 
feet below is visible to the left. 

Photo courtesy of BLM 

The Oregon Watershed Assessment Manual focuses on assessing watersheds as related to fish-bearing and/or 
perennial streams. Since the BLM and Oregon Department of Fish and Wildlife (ODFW) have past, on
going, and future plans for studies on fish and fish habitat in the area, HCWC decided to concentrate efforts 
on the inventory and assessment of perennial stream riparian zones, and potential sources of stream sediment. 
Similar efforts on non-perennial streams and on the uplands were beyond the constraints of the project. 

Private lands constitute about 16%, or 210,000 acres of the sub-basin. To meet the mission of HCWC, active 
involvement of private landowners in varying ways is required. Furthermore, a goal of HCWC is to provide 
private landowners, when they desire, information on specific attributes of their land which relate to 
watershed health. We engaged several private landowners in the sub-basin , and performed inventories and 
assessments of perennial stream riparian zones on their lands. For more information about these procedures, 
see the sections titled HCWC Field Work-Stream Sediment Sources and HCWC Field Work-Riparian 
Inventory in Chapter 2. 
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Readers should understand that assessments of this type are at best a snap-shot-in-time. Some of the data and 
information in this report is very current; other materials may appear dated but still provide an indication of 
watershed condition. There is often significant lag time between the implementation of new management and 
the documentation of its effects . 

It is a goal of HCWC to use the information in this report to guide future involvement in sub-basin watershed 
management opportunities. That involvement could range from facilitating specific watershed enhancement 
projects to reassessing the overall sub-basin watershed health again at some future time. HCWC hopes that 
this document helps readers understand important parts of watershed health in the Alvord Lake Sub-basin. 
We also invite the public to become involved with the HCWC efforts to understand and improve watershed 
health in the sub-basin. 

Chapter Contents 
There are four chapters in the report. Below are their titles and brief descriptions. 

1.	 Introduction. A short introduction to the HCWC and the Alvord Lake Sub-basin. 

2.	 Watershed Assessment. Discussions of various topics with emphasis on their connection to
 
watershed health in the sub-basin.
 

3.	 Basin Characteristics. General information about the sub-basin, its physical features and the plants 
and animals which reside there. 

4 .	 Land and Resources: Use and Management. General information on various land management 
topics. 

Information Sources and Formatting 
The text of this report borrows heavily from three primary documents: I) the Andrews management 
Unit/Steens Mountain Cooperative Management and Protection Area Proposed Resource Management Plan 
and Final Environmental Impact Statement, Burns District BLM, 2004 (abbreviated throughout the document 
as Andrews FEIS); 2) Proposed Southeastern Oregon Resource Management Plan and Final Environmental 
Impact Statement, Vale District BLM, 2001(Vale FEIS); and 3) the Alvord Lake Sub-basin Total Maximum 
Daily Load & Water Quality Management Plan, Oregon DEQ, 2003 (Oregon TMDL). The three 
abbreviations are used throughout the text. In addition to the mentioned sources other information sources 
are also used and cited (see below). 

To facilitate the user's understanding of this report, HCWC has consistently set off and formatted certain 
types of information within most report sections. At the beginning of those sections is a short, boxed note 
titled 'Information sources and authors ' which indicates generally the origin and/or authors of the 
information in the section. Where appropriate, further similar information such as specific literature citations 
can be found in the main body of the section . That note is followed by the main body of the section which 
contains text and possibly figures, tables and maps. Following the main body, but oftentimes just before a 
section-ending map, are two more boxed notes. The first of these is titled "Importance of topic to long-term 
watershed health in the Alvord Lake Sub-basin." That note is a summary opinion by HCWC about the 
importance of the section's topic to watershed health in the sub-basin. In some cases, we use this location to 
justify our focus, or lack of focus, on the particular topic in the report. Remember, restraints of the project 
did not allow a full exploration of all individual topics. The last boxed note is titled "Issues, concerns and 
action items." This is a listing of factors which HCWC feels should be the focus of the public and land 
managers in future use and management of the area. 
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Report Review Process and Final Production 
Prior to producing this final report of the Alvord Lake Sub-basin watershed assessment, HCWC had 
produced a public draft version which came out in April, 2006. During the production of that draft, we sent 
letters to the 60 private landowners with the largest land holdings in the sub-basin. In those letters we 
outlined the review process and asked who would like a copy of the draft for review and who would like a 
copy of this final report. The draft reports were then sent to those requesting them. In addition, copies were 
distributed to county, state and federal agencies and entities in Harney and Malheur counties, and to Oregon 
Watershed Enhancement Board members. 

The public review period was April 22, through May 25, 2006. During that time we held two public meetings 
to review the draft, one in Fields, Oregon and one in Burns, Oregon. The meetings were announced in the 
initial letters to Alvord Lake Sub-basin landowners and advertised by radio, newspaper and public fliers. 
Four people from the public attended the Fields meeting, none attended the Bums meeting. The discussions 
in Fields were mostly general in nature, with only a few specific topics covered. The HCWC policy, as stated 
in the announcements, was that public comments must be submitted in writing by May 25 to be addressed in 
this final report. HCWC received no written comments submitted from the public, and there is no public 
comment section of this document. 

Despite the lack of public input, there has been extensive review of the document by scientists and technical 
staff of the BLM, EOARC and ODFW. Most of the individuals involved were already connected to HCWC 
in various capacities. HCWC feels that these review activities are part of the normal production of the final 
document and consequently these activities are also not documented per se in this report. 

Anyone with questions about this report and its production should contact the Harney County Watershed 
Council, 450 N. Buena Vista, Burns, Oregon, 97720, 541-573-8199. 
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ALVORD LAKE SUB-BASIN DESCRIPTION (HUC 17120009) 

The Alvord Lake Sub-basin is one of seven sub-basins in the Malheur Lakes Basin Watershed of 
southeastern Oregon (Maps 1 and 2). There are eight Sth field watersheds within the sub-basin: Cottonwood 
Creek (HUC 17120(0901), Alvord Lake (902), Big Alvord (903), Whitehorse Creek (904), Twelve Mile 
Creek (90S), Willow Creek (906), Summit (907) and Quail Creek (908) (see Appendix I for a description of 
Oregon and federal HUC watershed systems.) These Sth field watersheds are shown together in Map 3 (page 
II) , and separately in Maps 9-16, beginning on page 124. 

The Alvord Desert is the largest of the 
many playa lakes in the sub-basin. 

PhOloHCWC 

The entire sub-basin contains approximately 1,373,000 acres or 2,IS0 square miles (Map 3). The sub-basin is 
bounded by the crests of the following mountains or ranges : the Steens Mountain and Pueblo Mountains on 
the west, the Trout Creek Mountains on the south and southeast, and the Sheepshead and Oregon Canyon 
Mountains on the east. The sub-basin extends south into Nevada between the Pueblo Mountains and Trout 
Creek Mountains, but the Nevada portion (9S,000 acres) is not included in the area covered by this 
watershed assessment (Appendix 1). The BLM manages 82% of the Oregon area , the State of Oregon 2%, 
and 16% is privately owned (figures rounded to nearest percent). 

The terrain in the sub-basin varies from rugged , steep mountains at over 9700 feet to playa lakes at 
approximately 4000 feet. Interestingly, the highest point in the sub-basin is the top of the Steens Mountain 
(9733 feet), which is only seven miles from the edge of the Alvord Desert-a playa lake and one of the sub
basin's lowest elevations (4000 feet). Nearby, Mickey Basin at 3920 feet is lowest place in the sub-basin and 
in Harney County. 

The sub-basin is closed-it does not have a surface water connection to the Pacific Ocean. In addition, many 
of the fifth-field watersheds are isolated from the others, with only internal drainage. Furthermore, most 
perennial streams (year around surface flow) are isolated from each other and do not flow into other 
perennial streams. All of the perenrtial streams develop high in the mountains which form the sub-basin 
boundaries-there are no perennial streams which originate in the lower ranges in the middle of the basin . 

Most perennial streams on the east sides of the Steens and Pueblo Mountains form in high mountain basins, 
then flow through relatively short, steep, rocky canyons, and out onto well -developed alluvial fans. Those 
streams tend to lose water to the coarse alluvium of the fans, and the remaining surface water generally goes 
into ranch irrigation systems or out into the common playa lakes at the base of the mountains. Water reaching 
the playa lakes is usually absorbed or lost to evaporation in a relatively short time-usually within each year. 
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In contrast to the relatively short, perennial streams of the Steens and Pueblo Mountains, the perennial 
streams of the Trout Creek and Oregon Canyon Mountains tend to be longer and flow significant distances 
through lower gradient valleys. Those streams in their lower reaches are commonly used for irrigation of hay 
fields, and the unused waters flow into playa lakes. 

The playa lakes of the sub-basin generally do not support fish populations due to the fact that they dry out in 
most years. During wet cycles, populations of fish may temporarily live in those playa lakes which are fed by 
fish-bearing streams. This is most likely true of Alvord chub in Alvord Lake, but could be also true for other 
species in other locations, especial ly in wet cycles that last for more than a year. Also, there are no large 
streams, rivers or stream networks in the sub-basin which serve as immigration conduits for fish, or which 
allow interconnection of salmonid (trout) populations. As a result, most perennial streams in the sub-basin 
support only isolated populations of salmonids, if they have any at all. In contrast, some believe that Willow 
Creek and Whitehorse Creek in the southeast end of the sub -basin periodically have interconnected waters in 
their lower ends, allowing fish passage between those two streams. 

Mickey Basin is the lowest elevation in 
the sub-basin. 

Photo HCWC 

The geothermal waters of Borax Lake in the Alvord Desert are home to the endangered Borax Lake chub. 
The threatened Lahontan cutthroat trout is also present in some streams in the basin, representing the 
northern most, natural distribution of this fish species in the United States. 

There are four natural lakes which have perennial water in the sub-basin. Mann Lake (227 acres) is located at 
the base of the Steens Mountain north of the Alvord Desert , Wildhorse Lake (17 acres) and Little Wildhorse 
Lake (2 acres) are found high in Wildhorse Canyon , beneath the top of the Steens Mountain and Borax Lake 
(9 acres) is in the desert northeast of Fields. 

The sub-basin is predominantly shrub dominated uplands (about 78%), but also has juniper and aspen 
dominated uplands, plus cottonwood, aspen, and shrub dominated riparian zones, and some small upland and 
riparian areas dominated by herbaceous vegetation (Table 16, page 107.) The dominant land use is 
agriculture. Livestock graze on most of the rangelands, and hay production is common on a small portion of 
land in the valley bottoms. 

The Alvord Lake Sub -basin is semiarid, with most locations receiv ing 8 to 14 inches annual precipitation. 
The tops of the mountains forming the sub-basin boundaries receive more moisture, with the top of the 
Steens Mountain receiving 49-55 inches of precipitation, much as snow. The lowest sub-basin elevations 
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generally do not have a winter-long snow pack. There is abundant sunshine throughout the year and with the 
dry air, there are usual significant day and night temperature differences. Summer day temperatures in the 
lower elevations can get to over 100 degrees Fahrenheit and frost may occur during any month of the year. 
Thunderstorms are common between April and September, and the prevailing winds are west-southwest. 

The Alvord Lake Sub-basin lies in the northwest portion of the Great Basin in the Basin and Range 
Physiographic Province. The Steens Mountain is a fault-block mountain and is the northern-most range in the 
Basin and Range Physiographic Province. The oldest rocks in the area are metamorphosed volcanic rocks 
approximately 150 to 200 million years old. Most surface rocks are basalt and welded tuffs extruded in the 
past 16 million years. 

In the last 24,000 years pluvial lakes have periodically occupied Alvord and Pueblo Valleys, plus smaller 
isolated low areas in the sub-basin. The lakes first formed following a cold period in which glaciers were 
present on the Steens Mountain. Sediment from the surrounding mountains is more than 1000 feet deep in 
the Alvord Valley. 

Surface soils in the sub-basin are generally young and poorly developed. Soil-building processes are slow in 
the dry climate and erosion is common. Most locations do not have distinct, deep soil horizons. Naturally 
bare soil between plants is common in much of the sub-basin. 
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~2-W~A~ 
This chapter contains discussions of most of the topics which HCWC feels are important to watershed health 
in the sub-basin. Various aspects of water , water quality, streams and stream functioning are addressed , as 
are significant watershed health issues posed by invasive plants. The habitat requirements and well-being of 
sage-grouse and several fish species are covered, as those animal species can be considered as indicators of 
the area's watershed health. Finally, field work performed by HCWC is presented and discussed. 

GENERAL HYDROLOGY, WATER USE AND WATER RIGHTS
 

Information sources and authors 

Th e majorit y of the text for this section was taken from the Andrews FEIS and a small amount was taken 
from the Oregon TMDL. Information in two para graph s and the table was provided by the Oreg on Water 
Resources Department, 

Alvord Lake Sub-basin is an internally drained basin. It is part of the Malheur Lakes Basin, and part of the 
larger Oregon Closed Basins Sub-region and the Pacific Northwest Region. The topographic features of this 
area direct surface and some shallow subsurface water to streams, rivers, lakes , reservoirs, or playas. 

Surface Water 
Watershed function in the form of capture, storage, and release of available precipitation regulates the 
timing, intensity, and duration of runoff through attributes of landform, soil, and vegetation. Capture and 
storage of precipitation occurs through upland and riparian landform features such as floodplain, meadows, 
swales, and ephemeral/intermittent lakes, as well as constructed facilities (soil and water detention structures 
and ephemeral/intermittent reservoirs). Upland and riparian vegetation further contribute to this process by 
trapping snow, disrupting overland and stream runoff, and maintaining soil structure, which facilitates 
infiltration. Water that infiltrates and percolates into and through the soil profile is available to sustain 
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vegetation and contributes flow to seeps, springs, streams, and lakes. Stored water in riparian systems and 
adjacent uplands subsequently releases as a cool water source that augments baseflow, buffers stream 
temperature, and provides habitat for aquatic species. 

Various other parts of this report focus on surface water-especially perennial streams. There is also a 
descriptive section on wetlands. The short paragraph above briefly explains the ties between precipitation, 
surface water and ground water. 

Ground Water 
The regional ground water gradients and the extent of aquifer systems within the area have not been studied. 
Ground water data are limited. The Oregon Water Resources Department database indicates that there are 
146 water wells in the sub-basin which irrigate 6,548 primary acres, and 6,380 supplemental acres (OWRD, 
email correspondence, April, 2005) 

The geology of the area is composed primarily of volcanic rocks. The water-bearing properties of these 
geologic formations depend largely on faults, fractures, joints, etc. The rate and quantity of ground water 
movement depends on the hydraulic conductivity of the geologic formation and the hydraulic gradient. 

Ground water occurs as both confined and unconfined aquifer systems. Most unconfined aquifers are located 
in stream valleys or are associated with Pleistocene lakebeds that contain recent alluvial material; some may 
exist as perched aquifers. Alluvial aquifers vary greatly in size and yield from one streamllakebed to another. 
These aquifers are important as transient storage systems to move ground water to or from streams and the 
deeper confined aquifers, and they are typical of drainages in the area. Perched aquifers occur along ridges 
between stream valleys and can usually be identified by the occurrence of springs above the valley bottoms. 
They are often associated with alluvial aquifers where streambeds intersect permeable outcrop areas. 
Little is known of the extent or depth of the deep, confined bedrock aquifer systems. The DEQ has not 
identified any sole-source aquifers. The presence of numerous volcanic flows and faults does not support the 
concept of a uniform regional ground water gradient. Recharge to ground water systems occurs mainly at 
higher elevations where precipitation highly exceeds seasonal evapotranspiration. Precipitation is the major 
recharge source in areas with an exposed permeable formation and average annual precipitation in excess of 
12 inches. 

Ground water is used for domestic and livestock purposes and for irrigation. Ground water quality depends 
on the chemical makeup of the water-bearing formation. Most of the region contains good quality water, but 
the water is usually hard and contains moderate amounts of dissolved minerals. Minor exceptions are 
geothermal and hydrothermal waters that have concentrated elements such as arsenic, mercury , molybdenum, 
uranium, and selenium (Ferns et al. I993a; Ferns et aI. 1993b). Springs and seeps occur in areas where water 
from aquifers reaches the surface. Many springs begin in stream channels; others flow into small ponds or 
marshy areas that drain into channels. Some springs and seep areas form their own channels that reach 
flowing streams, but other springs lose their surface expression and recharge alluvial fill material or 
permeable strata. Inflow from riparian/hyporheic zones affects baseflows and associated water temperature 
buffering and moderation. Water from springs differs from that of overland runoff in that it is generally more 
constant in temperature and lower in dissolved oxygen, especially close to the source. Mineral content in 
water varies from spring to spring along stream courses, depending upon the geochemistry of the substrata 
through which it flows. 

Water Use 
Beneficial uses of water occurring in the Alvord Lake Sub-basin are the same as for the Malheur Lake Basin 
overall. Common beneficial uses are irrigated agriculture, fish and fish habitat , livestock, domestic and 
recreation. Salmonid fish (trout) spawning, salmonid rearing and resident fish and aquatic life are the three 
uses deemed the most temperature sensitive beneficial uses within the Alvord Lake Sub-basin. 
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The only state Water Resources Division water availability data existing for the Alvord Lake Sub-basin is for 
Wildhorse Creek in the Steens Mountain and Trout Creek flowing out of the Trout Creek Mountains. Both 
creeks eventually flow to Alvord Lake. Water availability data equates to the amount of surface water 
available for appropriation and the data is used to evaluate applications for new uses of water (OWRD, 
Water Availability Information). 

Water Rights 
Under Oregon law, all water is publicly owned. With some exceptions, cities, farmers, factory owners and 
other users must obtain a permit or water right from the Water Resources Department to use water from any 
source-whether it is underground, or from lakes or streams. Landowners with water flowing past, through, 
or under their property do not automatically have the right to use that water without a permit from the 
Department. There are water rights by decree for Whitehorse Creek, Trout Creek, Willow Creek, and 
Wildhorse Creek, as shown in Table 1. 

Table 1. Water Rights by Decree in the Alvord Lake Sub-basin 

None 
2.5 acre feet 

1/60 t cfs/acre of 
land 

Irrigation. 
Li vestock and 
domestic. 

3 acre feet 
3-1 to 9-1, or any 
time use is beneficial 

l/40t 

land 

Irrigation. 
Livestock. 

3-1 to 10-1 
3 acre feet 

1/40 t cfs/acre of 
land 

Irrigation. 
Livestock and 
domestic. 

3-1 to9-1,orany 
time use is beneficial 
Irrigation. 
Livestock. 

3 acre feet 

1 

1/40 t cfs/acre of 
land 

Rate (not 
to exceed) 

Uses 

Dut 
Season 

Source : Hamey County Waterrnaster. Summary of District 10 Decrees 

Importance of topic to long-term watershed health in the Alvord Lake Sub-basin. 

Watershed assessments in Oregon traditionally focus on surface water. Other parts of this report do that. 
The ground water section here is short and only descriptive. It does not focus on the Alvord Lake Sub
basin and it has little relevance to watershed health as generally discussed in this document. Water use 
and water rights are controlled by state law. Beneficial uses of water as controlled by state law guide 
efforts to improve water quality when use standards are not met. Given the general and legal focus of the 
information in this section, there is little direct connection to long-terro watershed health in the sub-basin. 

Issues, concerns and action items. 

•	 Educating the public on the connection of precipitation, surface water and ground water, and the 
role of ground water in surface water augmentation and temperature amelioration. 
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WETLANDS
 

Information sources and authors
 

The text for this sect ion comes from the Vale FEIS.
 

Wetlands are lakes, reservoirs, playas, sloughs, meadows , springs, and seeps that are permanently or 
seasonally covered with water. They are also commonly found as features independent of a defined stream 
channel and can occur throughout various elevations and landscape settings. This is particularly true for 
meadows, springs , and seeps that may be present within very arid areas and at low elevations. Common plant 
species of these areas include salt grass, Baltic rush, spikerush, and cattail. Intensity of wildlife use of 
wetlands varies seasonally. Many species of waterfowl and shorebirds use these areas during spring and fall 
migrations, but in summer, wildlife use is restricted to resident species. Seasonal playas may contain aquatic 
invertebrates that are adapted to survive periods of desiccation. 

The Army Corps of Engineers, EPA, USFWS, and Natural Resources Conservation Service (NRCS) worked 
together to develop common language and criteria for the identification and delineation of wetlands in the 
United States. They defined wetlands as possessing three essential characteristics: 1) hydrophytic vegetation; 
2) hydric soils ; and 3) wetland hydrology, which is the driving force creating all wetlands. Hydrophytic 
vegetation is defined as plant life growing in water, soil, or substrate that is at least periodically deficient in 
oxygen as a result of high water content. Hydric soils are those that are saturated, flooded, or ponded long 
enough during the growing season to develop anaerobic (without oxygen) conditions in the upper part of the 
soil profile . Generally, hydric soil is subject to water saturation at temperatures above freezing for at least a 
week during the growing season. 

Wetland hydrology is defined as permanent or periodic inundation of water , or soil saturation to the surface, 
at least seasonally. The presence of water for a week or more during the growing season typically creates 
anaerobic conditions in the soil , which affect the types of plants that can grow and the types of soils that 
develop. Meadows occur in narrow strips around springs and along streams. Some of the most important 
meadow habitats are located at mid and upper elevations of complex mountainous terrain. Good examples 
can be found in the Trout Creek/Oregon Canyon Mountains. 

Protection and restoration of meadows require management of activities that could affect the vegetation and 
the soils, which in turn affect the overland and subsurface flow and storage of water. In most settings, 
meadow habitats are vulnerable to grazing influences and other surface-disturbing impacts, such as OHV use 
and mining operations, which can affect soil stability, water-holding capacity, and plant composition. In 
some instances, where management has been changed, proactive stabilization of gullies may be required to 
slow or reverse the physical processes that are causing the degradation, until the system can begin to recover 
on its own. 

Springs and seeps can support unusual invertebrates, such as snails or other species that may be endemic to 
local areas. These systems tend to provide constant water flows and consistent temperatures that are 
distinctly different from adjoining riparian habitats. 
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Importance of topic to long-term watershed health in the Alvord Lake Sub-basin. 

The functioning and health of non-stream wetlands are important factors in watershed health. However, 
wetland s have not received the same attention as have streams in rangeland management. Procedures have 
been developed to assess wetland areas (for example, BLM TR-1737-ll and TR-1737-16), but at this time 
the BLM is not using those procedures extensively in the sub-basin. Similarly, HCWC due to project 
restraints chose not to focus on wetlands for this report, neither in the field nor in this report. 

Issues, concerns and action items. 

• Raise the level of awareness of the functi oning and importance of wetlands in the general public 
and land managers. 

• Over time increase the focus and allotment of HCWC resources towards wetlands. 
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STREAMS AND RIPARIAN ZONES
 

Streams and their associated riparian zones are important components of watersheds. Likewise, the condition 
of streams and their riparian zones are very important components of watershed health. In the following 
sections we: 1) present the amount (length in miles) of perennial streams in the Alvord Lake Sub-basin, 2) 
provide information on the determination of the riparian condition throughout the sub-basin and present the 
results of those determinations, and 3) discuss three situations about sub-basin streams which are informative 
about stream functioning and which have implications for stream and riparian management. 

Perennial Streams 
Perennial streams are generally defined as streams which have surface flow year around. See pages 34-38 for 
a more complete discussion of perennial vs. non-perennial streams. Due to their year around flow, perennial 
streams inherently are considered to have greater value than do non-perennial streams. There are about 485 
perennial stream miles in the Oregon portion of the Alvord Lake Sub-basin. See Table 2 below for mileage 
by 5th field watershed. 

Table 2. Perennial Stream Lengths in the Alvord Lake Sub-basin. The lengths are rounded to the nearest 
mile. Maps 9-16, starting on page 124, show the individual Sth field watersheds and the perennial stream reaches. 

5th Field Watershed Watershed Name Miles 

1712000901 Cottonwood Creek 74 

1712000902 Alvord Lake 161 

1712000903 Big Alvord 59 

1712000904 Whitehorse Creek 84 

1712000905 Twelve Mile Creek 26 

1712000906 Willow Creek 31 

1712000907 Summit 50 

1712000908 Quail Creek 1 

TotaJ 485 

Source: USGS topographical data as determined by BLM GIS. Bums and Vale Distri cts. Data includes all landownership categ ories. 

Alvord Lake Sub-basin Watershed Assessment 17 



Chapter 2 - Watershed Assessment 

Riparian Zones: Condition and Trend 

Information sources and authors 

The text for this section comes largely from the Andrews FEIS (Bums BLM Functioning Condition 
Assessments) and the Vale FEIS (Vale Trend Assessments).There is a small amount of text written by 
HCWC (HCWC Functioning Condition Assessments). The two tables use BLM and HCWC data . 

Burns BLM Functioning Condition Assessments. The majority of public land riparian areas associated 
with perennial streams assessed between 1997 and 2000 by the Bums BLM used the PFC assessment 
methodology. Functioning condition of riparian/wetland areas is a result of interactions among geology, soil, 
water, and vegetation. PFC is an assessment of the physical function of riparian and wetland areas through 
consideration of hydrology, vegetation, and soil/landform attributes. This assessment utilizes existing site 
specific inventory and monitoring information, as well as helping to identify management objectives and 
future monitoring. Definitions of the PFC ratings are identified below: 

•	 Proper Functioning Condition: Riparian/wetland areas are functioning properly when adequate 
vegetation, landform, or large woody debris is present to dissipate stream energy associated with 
high water flows, thereby reducing erosion and improving water quality; to filter sediment, capture 
bedload, and aid in floodplain development; to improve floodwater retention and ground water 
recharge; to develop root masses that stabilize stream banks against cutting action; to develop 
diverse ponding and channel characteristics; to provide the habitat and the water depth, duration, and 
temperature necessary for fish production, waterfowl breeding, and other uses; and to support greater 
biodiversity. 

•	 Functional-At Risk (FAR): Riparian/wetland areas that are in functional condition, but an existing 
soil, water, or vegetation attribute makes them susceptible to degradation . 

•	 Non-functioning: Riparian/wetland areas that clearly are not providing adequate vegetation, 
landform, or large woody debris to dissipate stream energy associated with high flows, and thus are 
not reducing erosion, improving water quality, etc. 

Riparian/wetland vegetation resources 
support and are supported by the 
ecological function of watersheds. Past 
management practices such as historic 
livestock grazing coupled with natural 
events of drought, flood, and wildland 
fire have and may continue to affect the 
distribution, abundance and diversity of 
riparian/wetland vegetation and the 
overall function of the watershed. PFC 
assessments, of which riparian/wetland 
vegetation is a primary attribute, indicate 
that the majority of riparian areas 
assessed in the area are at a level of PFC. 
PFC does not necessarily equate to 
ecological potential or a theoretical 

Photo HCWC 
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"desired future condition"; rather it demonstrates the level of resilience required for a system to function and 
allow for maintenance and recovery of riparian/wetland communities. The range between PFC and an area's 
physical and biological potential becomes the "decision space" for social, economic, and other resource 
values. The values derived from riparian/wetland vegetation include water quality, fish and wildlife habitat, 
scenery, recreation and Iivestock forage . 

Table 3 shows the results of the 1997-2000 Burns District PFC assessments. 

HCWC Functioning Condition Assessments. In 2004 HCWC conducted riparian zone inventories on 17 
miles of perennial streams on private lands in the sub-basin. Included in those inventories was an assessment 
patterned closely after the BLM Proper Functioning Condition (PFC) assessment (TR 1737-15, 1998). See 
pages 85-93 for more information in those inventories and assessments. The results of the assessments are 
included with the PFC data for the Bums BLM District in Table 3 below. 

Vale Trend Assessments. Vale BLM resource area specialists evaluate riparian areas on the basis of trend 
information gathered from field studies collecting resource information at two or more time periods (years) 
and evaluating relative differences in the data. A variety of field study methodologies are used to determine 
riparian trend, including low-level infrared imagery, line intercept vegetation transects, photo points, and 
aquatic invertebrate samples 

Trend evaluations factor in site potential capabilities that are often variable and dependent on the location of 
the riparian area within the watershed. A variety of information sources is used in assessing site potential. 
Specific site-guides for determining potential natural communities have not been developed for 
riparian/wetland areas in southeastern Oregon. BLM is currently using existing data collected at various 
riparian/wetland areas to assist in projecting site potential . Much of this information is derived from existing 
riparian enclosures that have been in place since the 1970s and 1980s and serve as reference areas for stream 
systems in the general area. Additional information for determining riparian site potentials has been gleaned 
from established streamside monitoring and study sites in allotments and pastures where livestock grazing 
practices were adjusted to meet objectives developed for riparian/wetland restoration. 

Riparian areas with an unknown trend are of two types: 1) riparian information has not been obtained, or 2) 
riparian baseline data has been gathered but more time is needed for long-term trend to be apparent. 

Table 4 shows the results of the Vale District trend assessments. 
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Table 3. Functioning Condition Assessment Results. Includes data from both Bums BLM and HCWC 
assessments performed on streams in five 5th Field HUCs. Reaches assessed as being Functional-At Risk are further 
judged to be in Upward, Unknown or Downward Trend. These trend judgments are not the same as used by the Vale 
BLM - see Table 4 and the discussion in the report text. 

HUC Name PFC1 FAR-UP 2 FAR-NA 3 FAR-DN4 NP Total 

1712000901 Cottonwood Creek 29.4 5.5 4.3 0.0 0.6 39.8 

1712000902 Alvord Lake 77.9 11.2 14.4 0.9 9.4 113.8 

1712000903 Big Alvord 44.6 0.0 3.0 0.0 0.0 47.6 

1712000907 Summit 9.4 0.0 2.6 0.0 0.0 12.0 

1712000908 Quail Creek 0.0 0.0 0.0 0.0 0.0 0.0 

Totals 161.3 16.7 24.2 0.9 10.0 213.2 
Percents of Totals 76% 8% 11% <1% 5% 100% 

1 Proper Functioning Condition 
2 Funct ional-At Risk Upward Trend 
J Functi onal-At Risk Unknown Trend (NA =Trend Not Apparent) 
• Functional- At Risk Downward Trend 
5 Nonfunctioning 

Table 4. Riparian Trend Assessment Results. Includes data on streams in the Vale BLM District within three 5' ft 

Field HUCs. 

HUC Name Up! Static' Dowrr' Unknown" Total 

1712000904 Willtehorse Creek 84.3 0.7 0 0 85.0 

1712000905 Twelve Mile Creek 0 0 0 36.3 36.3 

1712000906 Willow Creek 26.2 0 2.8 0 29.0 

Totals 110.5 0.7 2.8 36.3 150.3 
Percents of Totals 74% <1% 2% 24% 

I Riparian trend is upward 
2 Riparian trend is static 
J Riparian trend is down 
• Riparian trend is unknown 
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Importance of topic to long-term watershed health in the Alvord Lake Sub-basin. 

Tables 3 and 4 indicate the assessed riparian zones in the sub-basin largely are either in proper functioning 
condition or have an upward trend . These results indicate favorable current conditions and also allow 
favorable assumptions for long-term watershed health . 

Issues, concerns and action items. 

•	 Stream miles classified as Functional-At Risk , Nonfunctioning, and/or having a downward 
trend should be improved. 

•	 Streams which have not been assessed for functioning condition or riparian trend to this point in 
time should be. Re-assessment should occur periodically on all streams to document possible 
changes in condition . 
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STREAM MANAGEMENT: ncwc OBSERVATIONS AND ISSUES
 

The following three sections document situations and issues which came to light during HCWC field work 
for this watershed assessment. Documenting these for this report was not part of the original HCWC field 
work plan. All three sections concern streams, stream functioning and management issues. HCWC hopes that 
by detailing these situations, readers of this document will better understand facets of surface water 
hydrology within the sub-basin. 

In the fir st two sections concerning: 1) stream functioning on alluvial fans and 2) the effects of irrigation on 
riparian zones, we emphasize what appear to be positive benefits to riparian zones following alteration of 
natural functioning systems. Though these benefits appear very real in their own light, HCWC acknowledges 
that it is impossible to know that all of the resulting changes in the systems following the described 
alterations are beneficial. It could be that more subtle, but important, long-term changes are occurring that 
are not positive. 

In the third section we describe and illustrate a stream mapping problem. This situation both illustrates the 
functioning of many sub-basin streams and also documents a relatively common problem in the sub-basin
the incorrect mapping of perennial stream reaches. 

Stream Functioning on Alluvial Fans 

Information sources and authors 

The text for this section was written by HCWC following field observ ations . The photos were also taken 
by HCWC. Two literatu re sources on stream functioning on alluvial fan are cited. 

Alluvial fans are common in the Alvord Lake Sub-basin, especially along the steep mountain faces of the 
east sides of the Steens and Pueblo Mountains. Many of the major streams from these mountains flow across 
or onto these fans. Because of the unique conditions of fans, these streams generally function differently than 
streams in the other two typical settings in the sub-basin: 1) in steep mountain canyons in which the streams 
are partially cutting into bedrock, and 2) in lower gradient valleys where streams flow on valley fill which is 
much finer and more consolidated than typical alluvial fan materials. 

In this report section we present: 1) a brief general description of alluvial fans and the streams which flow 
across them (French, 1987 and Harvey , 1997), 2) a section on Cottonwood Creek, an apparently unaltered 
alluvial fan channel in the sub-basin, and 3) a section on fans which have had their channels altered by 
channelization and dike building. A main emphasis of the section is the apparent positive changes to the 
streams and riparian zones which occur following channelizing and diking. While the easily noticed changes 
appear positive, it is possible there may also be other more subtle changes occurring which have unknown 
and possibly negative impacts. 

Alluvial fans are fan-shaped depo sits formed where a stream emerges from a canyon onto a plain or other 
relatively flat area. Fan materials are eroded from the drainage above, carried to the fan and deposited where 
and when the stream no longer has the power to carry them. Fans generally build over time, with the rate of 
buildup dependent on climatic, vegetative, geologic and geomorphic characteristics of the region. Significant 
deposition in an area or specific location of a fan will push later flows onto other parts of the fan where 
deposition fills lower areas. Through time, this process of shifting deposition makes the fan shape relatively 
symmetrical. Classic alluvial fans are often obvious on topographical maps as the contour lines are nearly 
uniform concentric half circles originating at the mouth of the canyon. 
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Water flow across aJluvial fans can range from non-channelized sheet-like flow across significant portions of 
the fan surface, to channels which are incised the length of the fan. A very common situation is intermediate 
between these extremes and includes an incised single channel at the upper end of the fan, which becomes 
shaJlower down across the fan until it braids into multiple channels and then eventually just flows across the 
lower portions of the fan without being confined in any channel -like features. In these situations, the point at 
which the channel generall y ceases to exist is called the intersection point (Harvey 1997). 

Within the incised portion at the upper end of the fan, the channel is steepest toward the top and gradient 
usually decreases going downstream. At the top of the fan the water is generally confined in a relatively 
narrow channel which has a steep gradient. Therefore, the stream power is sufficient to carry large materials, 
at least in high flows. As the gradient decreases down stream and the channel widens , the water can only 
carry successively smaller materials, so deposition occurs. To a degree, larger materials are more common at 
the upper ends of many fans and smaller materials at the lower ends, but there is significant mixing of 
materials sizes throughout most fans. The amount of flow and the resulting distance various material sizes 
are carried varies dramatically throughout time . Additionally, mud flows and debris flows (two phenomena 
which carry large amounts of materials) occur periodically in many settings. These flows can cause in
channel deposition which may completely block the channel. Blocked channels can cause overland flow and 
possible new channel creation. 

Because the surfaces of fans are relatively steep even at their lower ends, much of the finer materials brought 
by stream water onto the fan from above do not get deposited at all, at least during the higher flow events. 
Consequently, alluvial fans are often composed of mostly large materiaJs throughout and have little fine 
material compared to lower gradient areas. This commonly results in the channel bank and bottom materials 
being porous to water, aJlowing significant water loss from the stream into the fan body. In some situations, 
it is common for all of the stream water to submerge into the fan in all but the highest of flows. In contrast, 
fans which have water crossing the length of the fan for significant parts or all of the year usuaJly have one 
well defined channel whose bottoms and banks are less porous due to the long term deposition of materiaJs. 

Because of the vary ing water levels in fan channels and the relatively large bank materials, vegetative growth 
on banks directly adjacent to some channels is often restricted. In fact, those banks often have less vegetation 
than do the adjacent fan upland areas. Those adjacent uplands may have a full suite of the upland vegetation 
common to the region. When the riparian banks are well vegetated it is usuaJly with willows and possibly 
cottonwood trees, both of which can establish and thrive on surfaces with few fine materials. Those species 
quickly send down a fast growing tap root the first couple years and once established they access 
underground water sources even in times where there is no water on the surface or in the upper severaJ feet 
of fan materials. In contrast, a herbaceous layer is often lacking even where cottonwoods and willows exist. 
There is often not enough water held in the upper surface layers to allow these relatively shaJlow rooted 
species to survive in the drier parts of the year. In some situations where cottonwoods and willows have been 
established for significant time, fine sediments will accumulate allowing some herbaceous growth. In 
generaJ, the longer the time of stability and plant establishment, the more likel y that at least some of the 
vegetation will be grasses and/or forbs . 

In some situations, established willows and cottonwoods will thrive for years along channels that no longer 
have surface flow, after the flow has shifted to other fan locations. In these settings , underground flows 
evidently still exist allowing those plants to stay alive. In other situations with shifting surface water, the 
underground water also often shifts, and dead or dying willows and cottonwoods can be found along old 
channels. 

Cottonwood Creek. Cottonwood Creek is the next major drainage north of Big Alvord Creek on the east 
side of the Steens Mountain. Like all of the larger creeks in the region, Cottonwood Creek flows out of a 
steep-walled canyon onto an alluvial fan. This aJluvial fan is partiaJly confined on the south side by a low 
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ridge extending out from the higher Steens. There is a large stand of black cottonwood (Populus trichocarpai 
at the upper end of the Cottonwood Creek fan (or just above the upper extent of the alluvial fan, see Site 1 
photo below). That cottonwood stand extends up along the creek into the canyon above. 

The upper end of the Cottonwood Creek alluvial fan appears to be unaltered by human disturbances. The 
USGS topographical map shows Cottonwood Creek as being a perennial stream (surface flow through out 
the year) part of the distance down through Sites 1-6 (Figure 1, below) and then it is shown as changing to an 
intermittent stream. See pages. 34-38 for a discussion of perennial vs. intermittent streams and their mapping 
on the USGS maps. The location of that change appears to be roughly confirmed by evidence on the ground, 
even though surface water extended below the marked map location in October of 2005 when this set of 
photos was taken. 

Within the reach containing the six sites documented in Figure 1, Cottonwood Creek is shown on the USGS 
map to braid into three different channels. The middle of the three channels is currently the one which is 
most obviously occupied by the stream. Sites 3-6 are along the middle channel below where the first side 
channel departs. The two side channels are visible on the ground, and are partially marked at their upper ends 
by cottonwood and willow plants which are dead or apparently dying. 

The inter section point (where the creek level rises up to the same level as the rest of the adjacent fan) is 
approximately at Sites 5 and 6. Below that point to the county road (about 2500 feet) the natural channel is 
generally not well defined. Rows which go past the intersection point appear to spread to multiple, broad and 
shallow depressions which go toward the county road . 
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Figure 1. Cottonwood Creek Alluvial Fan Photos and Descriptions. All photos HCWC. 

Site 1. This site is in the large black 
cottonwood (Populus tr ichocarpa) stand at or 
j ust above the upper end of the fan. Note that 
at least some of the bank and channel 
materials are very large rocks . Some of those 
rocks are held solidly in place by tree roots. 
The low floodplain to the right extend s back 
and gradually elevates to the height of the 
terrace on the left. Not noticeable is the fact 
that there are some herbaceous plants which 
grow on these banks. Also , there is 
recruitment of young cottonwoods on the low 
right bank and on the low parts of the steep 
left bank. Black cottonwood is a speci es which 
can sprout new plants from old roots and the 
younger plants on the right and near left may 
have grown off older roots rather from seeds. 

Site 2. Thi s locati on is approximately 400 
feet downstream of Site I. Though not easily 
noticed in this photo, there is some stabilizing 
influence by relatively large trees at this site
most are back from the stream edg e which 
here is stabilized by large rocks, shrub s 
(willows) and sapling-sized cottonwood trees. 
Note the on-going small shrub and tree 
recruitment in the right foreground opening. 
Overall the channel here is well defined and 
still very stable . The amount of flowing 
surface water here was judged to be the same 
as at Site I . 

Site 3. Thi s location is approximately 2000 
feet downstream of Site 2. There are still 
scattered , mature cottonwood trees , but there 
is also a significant amount of bare ground 
without a tree or shrub overstory. There are 
essentially no herbaceous understory plants 
(graminoids and forbs ). There are significant 
amounts of large channel and bank materials 
at this site , but note their generally unstable 
appearance. The channel here is poorly 
defined and even moderate flows throu gh this 
area may alter the channel location and shape. 
The surface water here was judged to be about 
50% of the flow at Site I. 
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Site 4. This location is about 600 feet down 
from Site 3.The cottonwood tree on the left is 
the last cottonwood of significant size going 
out onto the alluvial fan-it is about 20 feet 
tall and appears healthy. With the channel 
directly adjacent, this tree certainly has 
enough water on a yearly basis to thrive . If the 
channel moved away from this location, this 
tree would possibly decline and die . It is 
possible the tree could survive a shift of the 
channel, if underground water pathways 
continued to provide water. The amount of 
flowing surface water was judged to be only 
about 25% of that at Site 1. The relatively well 
defined channel here may be mostly a 
coincidence-this is the only such place in the 
lower portion of the studied reach . The trees 
and shrubs which are beginning to line the 
banks are not large enough yet to provide 
significant stability . 

Site 5. This location is approximately 300 
feet down from Site 4. None of the visible 
plants in this photo are cottonwood trees or 
willows. Instead the shrubs are upland species 
which grow more densely outside of the 
commonly disturbed channel-way. The 
furthest water visible to the left of photo 
center was the last surface water seen on the 
alluvial fan. Note directly beyond that water 
about another 50 feet is a vertical , dark line 
with some brown debris at its base . That is a 
fence post which is within the field of view of 
the Site 6 photo, but it is not actually visible in 
the that photo-see description.). Note that the 
channel here is poorly defined, plus it is wide 
and shallow. Though not obvious from this 
photo, it can be seen on the ground that in 
many higher flows, significant water flows 
outside of this channel-see below . 

Site 6. This location is approximately 200 
feet downstream of Site 5. This photo was 
taken across the channel rather than down the 
channel as in the Sites ]-5 photos. Though not 
apparent from this view, the channel-way 
shown in the Site 5 photo is just beyond the 
largest, yellow rabbit brush plant 
(Chrysothamnus visidiflorisi near the photo 
center (red arrow). The bare foreground area 
(white arrow) is also a flow pathway for larger 
flows which get out of the channel shown in 
the Site 5 photo. This foreground area could 
easily tum into the main channel-way if flows 
deposit materials which block the current main 
channel in the area at Site 5 or above . Similar 
deposition events higher than Site 5 could 
easily cause the main channel to move 
completely away from this location on the 
alluvial fan. 
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Altered Alluvial Fan Channels. Just to the south of Cottonwood Creek there are at least three major 
drainages on which the stream channels have been significantly altered on their alluvial fans. These include 
Big and Little Alvord creeks, and Pike Creek. The alterations were performed primarily to establish definite 
channels to the appropriate bridges or culverts which allow the water to run under the main north/south 
county road. The channels were dug out and diked to keep the water in one channel as it moved down the 
respective fans. Efforts to direct the water on the fans have probably occurred since roads were first built in 
the area. The digging and diking which established the current channel locations occurred in the 1960s. On 
Big Alvord Creek, follow-up digging and diking are still periodically performed just above the county road, 
the last time being in the late 1990s. The goal of getting the water to the appropriate road crossings has 
generally been met. During recent history the majority of the water in these streams follows the established 
channels most of the time to the appropriate road crossings. At times some water comes out of the main 
channels during high water events and flows in different channels or depressions to the road . However, road 
flooding and wash outs are not as common as would be expected if the water were allowed to move down the 
fans naturally. 

Of the three mentioned streams, Big Alvord Creek is the next drainage immediately south of Cottonwood 
Creek and it is the most similar to Cottonwood Creek in some noticeable fan attributes. In contrast, Little 
Alvord Creek and Pike Creek are further south beyond Big Alvord Creek and those streams appear quite 
different from Cottonwood Creek. 

There are two main ways in which Little Alvord and Pike creeks and their fans differ from Cottonwood and 
Big Alvord creeks and their fans. First, the materials making up the Little Alvord and Pike creek fans and the 
materials carried onto those fans by the creeks are significantly smaller than the materials of Cottonwood and 
Big Alvord creeks and fans. There are significant amounts of fine materials (silts and clays) carried by Little 
Alvord and Pike creeks, and less gravel, cobble and boulders in comparison to Cottonwood and Big Alvord 
creeks. Second, Little Alvord Creek and Pike Creek have more consistent year-around flow even at the tops 
of the fans than do Cottonwood and Big Alvord creeks. Here "more consistent year-around flow amounts" 
refers to a smaller difference in amount between the snow melt driven, high spring flows in comparison to 
late summer and fall low flows. 

As a result of differences in fan and flow characteristics, Cottonwood and Big Alvord creeks are more 
dynamic than Little Alvord and Pike creeks, with significant changes often occurring yearly with each high 
springtime flow. Though the channel materials are larger on Cottonwood and Big Alvord creeks, they are 
mostly unconsolidated, poorly stabilized by vegetation and can move relatively easily (see the Site 3-6 
photos above .) In contrast, the mixed smaller and larger materials along Little Alvord and Pike creeks are 
more consolidated and consequently more stable. In addition, they are extensively stabilized by plant roots 
(both woody and herbaceous species (see Figure 2, second photo) . Once stabilized these materials do not 
normally move much , even with high flows. 
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Figure 2. Little Alvord and Big Alvord Creek Photos and Descriptions. All photos HCWC. 

Little Alvord Creek. View up ac ross the 
alluvial fan, taken from the top of the 
co nstructed dike. Note the consistent willow 
and cottonwood cov er along the channel in 
most of the visible reach . 

Little Alvord Creek. View of understory 
composed of both herbac eous plant s and the 
stems of willows. The dark shadow in the left 
upper edge of photo is from a sagebrush plant 
growing on the adjacent constructed dike 
which confines the stream to this location . 

Big Alvord Creek. Th e dike s to the left 
and right are subtl e in this reach and not 
discernible in this photo . The dark er shru b is 
an upland species, lighter shrubs and trees in 
the distance are willow s and cottonwood s. 
Light green to grayish small plants along the 
channel, including those in the bottom right 
comer, are young willows. Essentially all of 
the herbaceous plants shown are upland 
species. Note the size of the channel and bank 
materi als. 
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While the goal of getting the water to the right road location was certainly the motivation for those who 
initially altered these alluvial fan channels, there now appears to be other resulting positive benefits to the 
stream, its riparian zone and to the amount of available fish habitat. With the water largely confined in the 
same channels year after year, vegetation can establish and thrive. Even if the water submerges part way 
down the fan in most years it does so in relatively consistent places, supplying both surface and underground 
water to the cottonwood and willows along the main channel. Additionally, that consistent flow location over 
time allows deposition of finer materials in greater amounts than would naturally occur in shifting channel 
situations. Not only does that fine material provide water holding capacity for shallowly rooted plants, it also 
can partially seal the channel bottom and banks, eventually slowing the submergence of water from the 
stream into the fan alluvium. With time this process can allow development of healthy riparian vegetation 
and extended surface flow. 

The extension of surface flow and development of riparian zones has occurred relatively quickly on Little 
Alvord and Pike creeks. Both creeks now have well developed riparian vegetation, including woody 
overstories and herbaceous understories. They also have what appears to be perennial surface flow to the 
county road (see Figure 2, second photo). Despite already being advanced, the progression of vegetative 
development along these two altered streams continues, as there is an obvious pattern on both streams of 
older cottonwood trees toward the upper ends of the fans, and progressively younger and fewer cottonwoods 
further down stream. Less easy to notice on those streams is that the willows at the top also appear older than 
those below. 

The extension of surface flow and development of riparian zones is also occurring on Big Alvord Creek, but 
apparently at a much slower rate . In addition, the process is naturally occurring along the current main 
channel of Cottonwood Creek, but at what appears to be a dramatically slower rate, and only in a short reach 
in the upper end of the fan . On Big Alvord Creek the apparent age and amount of the woody plants decrease 
significantly going down from the top of the fan toward the bottom, but it appears that with time the younger 
plants at the bottom of the fan will become nearly as numerous and abundant as those at the top. Similarly, 
there is some herbaceous vegetation on banks in the upper stream reaches of the Big Alvord Creek fan, but 
that disappears toward the lower end of the fan . The low end of the year-around surface flow also definitely 
appears to be moving down the fan, as observed by Ed Davis (personal communication, 2005) owner of the 
Alvord Ranch which includes the entire Big Alvord Creek fan. 

On the Cottonwood Creek fan, the extension of willows and cottonwoods downstream is proceeding only 
along a relatively short reach of the current main channel on the upper portion of the fan . There are no 
willows or cottonwoods in the bottom 2500 feet of the fan. The willows and cottonwoods along the two most 
obvious old channels are dead or dying, apparently from the lack of water which now apparently flows 
primarily in the one main channel. Similarly, there is no herbaceous vegetation along the current main 
channel except in the very upper end of the fan . 

The progressive development of the riparian vegetation down all three of the discussed altered channels (Big 
and Little Alvord and Pike creeks) is adding substantial vegetative diversity to the three fans. Though not 
wide, the woody plant dominated riparian zones along Little Alvord and Pike creeks now extend essentially 
from the mouths of the Steens Mountain canyons to the county road. Similarly, large woody plants extend 
down over half of the Big Alvord Creek fan distance between the canyon and county road . Small, woody 
plants are scattered to common over the remaining distance. Those small plants appear healthy and should 
grow to maturity as long as the stream is kept in the same location. 

With surface water extending further down the altered alluvial fans, the amount of fish habitat and riparian 
vegetation is increasing. Big and Little Alvord, and Pike creeks all have local populations of Lahontan 
cutthroat trout above the alluvial fans. These fish can now expand into the habitat in the channels on the fans. 
Population size in Lahontan cutthroat trout is highly dependent on the amount of available habitat (see pages 
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49-53) consequently these expanding habitats are assumed to result in larger and more stable populations. 
While the conditions on the three altered fans are not entirely natural, the resulting above ground situations 
appear beneficial in the discussed manners. However, we do not know if there may be offsetting, negative 
impacts resulting from the alterations. Keeping the water on the surface for a greater distance may be 
reducing the amount of ground water in other areas on the fans. Those areas could be drying and undergoing 
changes to their vegetation. Other unknown changes of this nature could also be occurring, and could be 
having significant impacts. In addition, we also do not know if a similar set of stream and riparian 
circumstances would not have naturally occurred on these fans without the human alterations. It is possible 
that the three streams in the same time period could have each naturally stayed in one channel with similar 
results. 

The need to continue directing the flows to specific road locations will not change, certainly allowing further 
development of desirable riparian and fish habitat. At the same time, we do not know all of the changes 
which may be taking place 

Importance of topic to long-term watershed health in the Alvord Lake Sub-basin. 

The purpose of this section is twofold : 1) to educate readers about stream functionin g on alluvial fan s, and 
2) to illustrate a situation in which hum an alterations at least appea r to result in positive bene fits, i.e. 
increased am ount s of surface water and riparian zones and consequently improved fish habitat. While 
these changes appea r significant where they occur, the total amo unt of change of this type in the sub-basin 
is relatively low as there are a limit ed number of places such chan ges could come about. T here is limited 
impact in the sub-bas in to overall watershed health from these changes. 

Issues, concerns and action items. 

• Educ ate the public and land managers as to the potenti al local positive effe cts of human-induced 
alterati ons to natural systems. 

• Educate the publi c and land managers that we do not always understand all effec ts to natural 
systems once the y have been altered. 
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Irrigation Effects on Riparian Zones 

Information sources and authors 

The text for this section was written by HCWC following field observations. The photo was also taken by 
HCWC. 

As part or the field work for this report, HCWC performed riparian inventories on several stream reaches 
which were within flood irrigated agricultural fields. In these reaches, the water is diverted from the stream 
channel and flows to ditches which run along the outside of the fields. Water flows out of the ditches and 
across the fields, and some returns to the channel as overland flow. Some water also returns to the main 
channel as underground flow and was commonly observed coming out of the sides of stream banks in the 
irrigated reaches. 

The irrigated fields observed were not highly contoured and smoothed, and there are reaches of the riparian 
zones along the channel which are not irrigated due to natural undulations of the land. Also there are reaches 
which do not have irrigation systems, between reaches which do. The existence of adjacent reaches with and 
without irrigation permitted direct comparisons of the effects of the irrigation on the riparian zone s along the 
main stream channel. The observations were consistent in that the observed effects of the irrigation on the 
riparian zones appeared to always be positive. 

Figure 3. Vegetation on Two Banks 
Influenced by Irrigation Water. 
At this site , the vegetation on both banks appears 
to be influ enced by irrigation, as evidenced by 
that vegetation's abundance and vigor. Th e 
vegetation on the right bank might be onl y slightl y 
enh anced over what it would be without irrigation, 
due to its lower elev ation relati ve to the stream. 
However, the suite of vegetation on the left, 
higher bank would surel y not be this robust 
without the irrigation or some other source of non 
stream water such as a natural spring. 

The commonly observed apparent positive effects to the riparian zone were : 

•	 Widening of the riparian zone. The returning irrigation water appeared to allow growth of the 
riparian woody and herbaceous vegetation further away from the channel than in the non-irrigated 
reaches. For example in one situation there were two adjacent inventoried polygons: one with 
irrigation which had an average riparian width estimated to be 60 feet and one without irrigation that 
had an estimated average width of 25 feet. While there were other reasons besides the irrigation or 
lack thereof which partiall y explain this width difference, a major part appeared to be due to the 
irrigation. In irrigated fields that are used to produce hay, the riparian zones in some places could 
even be wider than present, but the haying operations appears to keep willow patches from 
expanding even further into the fields. Young willows were commonly observed in moist parts of the 
hay fields which had obviously been cut during the haying. 
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•	 The 'irrigated' riparian zones had very good vegetative growth. Most had tall, thick willow 
growth and a significant understory of a variety of water-dependent herbaceous species. Non
irrigated reaches tended to have riparian zones which had less vigorous shrub growth and sometimes 
understories of plants which do not require significant amounts of water. Successful woody plant 
reproduction was more common in irrigated reaches. In addition, the vegetation in the irrigated 
riparian zones tended to be more diverse with varying types of resulting habitats. 

•	 The banks in the irrigated reaches appeared to be much more stable. This effect is likely a 
direct result of the more vigorous plant growth. 

•	 The irrigated reaches generally had less bare ground. Because they had less bare ground they 
appeared to be less of a source of stream sediment than the non-irrigated reaches. They also appeared 
to be better filters of sediment which came down from the adjacent uplands. 

In addition to the mentioned effects to the riparian zones, this type of irrigation can have other positive 
effects on these systems. The irrigated areas theoretically provided more bank storage of water. This is surely 
true when the irrigation water is considered, but it may also be true of stream water that does not get into the 
irrigation system as healthier riparian zones are believed to capture and store more stream water than do less 
healthy riparian zones. The increased storage of water results in the delayed release of that water back into 
the stream, enhancing flows later in the year. This can benefit fish populations by providing increased water 
in times of normal low flows. 

In contrast to the apparent positive effects, it is important to understand that there may be negative effects 
due to the water withdrawals. Among the potential problems are: I) fish passage impediments - these would 
occur where the diversions prevent passage upstream, especially by young fish, or maybe by all fish , 2) 
habitat suitability changes due to the lower water levels in the channel, and 3) channel form alterations, due 
the removal of part of the water and part of the sediment that water naturally carries, from the main channel. 
These potential negative effects may be subtle or possibly unnoticeable-especially on one time visits to the 
sites. They may require sophisticated channel morphology studies, or fish tracking or fish population 
sampling to understand. Ultimately they could have consequences on the fish populations in the reaches, 
which are not easily determined. 

The net results of the irrigation in the observed reaches are riparian zones which are wider, apparently 
healthier and more diverse than reaches without irrigation. In-stream flow is certainly delayed and late 
summer and early fall flows probably are greater than would occur without irrigation, and those flows may 
be cooler. However, while the observed effects of the irrigation on the riparian zones appear positive, the 
overall effects on fish populations and in-stream habitat are unknown. 

Importance of topic to long-term watershed health in the Alvord Lake Sub-basin. 

Like the section on alluvial fan stream functi oning, this section describes apparent positive effects of 
human-induced alteration of a naturally functioning system. Where these observed changes occur, they 
can be rather dramatic. The observed changes would appear to have long-term benefits to at least some 
components of watershed health . At the same time we do not understand all of the resulting effects to 
these systems. 
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Issues, concerns and action items. 

•	 Educate the public as to the potential positive effects of human-induced alterations to natural 
systems. 

•	 Educate the public that we do not always understand all effects to natural systems once they 
have been altered. 
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Perennial and Non-Perennial Stream Reaches 

Information sources and authors 

The text for this section was written by HCWC following field observations. The photos were also taken 
by HCWC. 

There are three stream designations which categorize the duration of flowing surface water in a stream 
channel. Perennial streams by definition have year-around surface flow which is assumed to be connected to 
ground water sources. Intermittent streams have less than year-around water, but have at least 30 days of 
surface water during a repeating and predictable time period. In the Alvord Sub-basin and most of the arid 
western United States, that time is in spring during and following winter snowmelt. Ephemeral streams have 
surface water only after specific storm events, and do not have greater than 30 days of surface water in a 
consistent time period during each year. In many non-technical applications, this three category system is 
simplified to a two category system of perennial and non-perennial streams. Also, the United States 
Geological Survey (USGS) uses two terms on there topographic maps, perennial and intermittent, with 
intermittent including both the intermittent and ephemeral streams of the three part system. 

The Alvord Sub-basin is very dry and there are very few perennial streams which flow together and form 
connected stream networks. More commonly, a few small and usually unnamed headwater streams relatively 
high in the mountains on the outer edges of the sub-basin flow together, forming a named perennial stream. 
These streams usually have only a few small tributaries along their lengths before the water submerges, 
usually into alluvial fans or into valley bottom fill. During high flows which are most common in the spring, 
the surface water from these creeks often reaches the common playa lakes in the sub-basin. 

The amount, extent and duration of surface water in many of the sub-basin streams varies on a yearly basis. 
Those factors also vary over longer time periods, based on wet and dry climatic shifts. Additionally, streams 
which flow out onto alluvial fans commonly shift their channel locations. Consequently the extent of the 
surface water in these alluvial fan streams can change as new and old channel-ways are often very different 
in characteristics-mostly particle size of the channel bottom and banks-which allow or prevent the water 
from submerging into the alluvium. Other factors such as the presence or absence of beavers, roads and other 
types of construction, and management practices can affect the amount of surface water. 

Understanding the amount, extent and duration of surface water in the sub-basin is becoming increasingly 
important, as management of both public and private lands is becoming increasingly site specific. 
Furthermore, management is becoming more controversial as various groups of the public have differing 
views on what constitutes proper management. The perennial extent of streams obviously has significant 
implications on the expected range of local fish populations and the expectations for the riparian vegetation 
along the streams. It also has implications on the expected range of wildlife populations, livestock 
management decisions and various other management concerns . 

Historically, information about surface water has been recorded in two manners-at USGS gauging stations 
and by aerial photo interpretation during the process of making USGS topographic maps (topo quads). There 
are only two long term USGS gauging stations in the Alvord Lake Sub-basin, and one is no longer operating. 
In contrast, the perennial versus non-perennial status of all stream reaches was photo-interpreted during the 
USGS map making process and are differentiated on the final maps . 

The perennial versus non-perennial nature of stream reaches is determined by photo interpreting the 
streamside vegetation and the presence/absence of visible water coupled with knowledge of the time of year 
the photos were taken. That interpretation is often difficult for those areas which are marginally perennial 
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and interpretation errors of either factors can and do occur. In addition, errors can occur if the exact location 
of the stream channel is not obvious and the interpreter makes an incorrect calIon the location. Several 
locations within the sub-basin with apparently incorrect USGS 'perennial' interpretations were observed 
during the field investigations in 2004 for this report. At one of those locations, Buena Vista Creek, the 
situation was photo documented and is discussed below. This situation appears to be the type of interpreting 
error in which the interpreter did not know the exact location of the Buena Vista Creek channel. 

Buena Vista Creek forms on the steep, east-facing slope of the Steens Mountain. It is a tributary of Mosquito 
Creek which has perennial (or at least near perennial) flows past the East Steens Road and toward the north 
end of the Alvord Desert. Buena Vista Creek is shown on the USGS topo quad as being perennial to its 
confluence with Mosquito Creek. That interpretation is obviously wrong as: 1) the channel becomes nearly 
indistinguishable in the lower half mile, 2) there are few signs of sustained flow in that lower reach, but there 
are indications of high disruptive flows which move the channel from side to side, and 3) there are reaches 
with essentially no riparian vegetation in, next to or even near the supposed channel. Additionally, the field 
observer for this project was at the site in fall months during both 2004 and 2005, and there was no surface 
water in the channel within a half mile of the confluence with Mosquito Creek (see the photos and 
discussions below.) 

In addition to not being perennial in its lower half mile, Buena Vista Creek is also non-riparian in most of 
that reach. The term non-riparian in this use defines a stream which does not have riparian vegetation on its 
adjacent banks (see #3 in the paragraph above.) Riparian vegetation here is defined as that vegetation which 
occurs along a stream course which is dependent on the water in the channel, or on underground water near 
the channel-way, and which is different than the vegetation in the adjacent upland areas. So in this use, 
'riparian ' and 'non-riparian' are descriptors of the stream reach based on the presence or lack of vegetation 
which is known to grow only in areas with increased moisture availability. Available surface water year 
around or even for the entire growing season are not needed for reaches to be riparian, as sufficient plant 
growth can occur in a portion of the growing season allowing riparian plants to exist on a site . Stream 
reaches can easily be riparian, but not perennial. On the other hand , perennial streams are almost always 
riparian except in the rare instance where the substrate, such as solid rock or other sufficiently large 
materials, does not allow plant growth. 

The incorrect determination of the Buena Vista Creek as being perennial in its lower half mile was probably 
due to the photo interpreter not knowing the location of the Buena Vista channel in its lower reach . There is a 
spring on the adjacent hillside to the north of the channel which yields sufficient surface flow to create a 
riparian zone which runs parallel to the Buena Vista channel. This spring starts in the same general area 
where the Buena Vista channel becomes non-perennial, and then non-riparian. There is no surface water 
connection between the two flow pathways in their upper, adjacent reaches. The first location which appears 
to have any significant surface flow between the two pathways is more than half the distance down toward 
the confluence with Mosquito from the spring . That location appears to only have periodic scattered surface 
flow moving from the Buena Vista channel-way toward the spring influenced riparian zone. The vegetation 
patterns there do not imply that overland flow from the Buena Vista channel-way has any significant affect 
on the extent of the spring-related riparian zone . 

The six photos in Figure 4 show Buena Vista Creek changing from perennial and riparian to non-perennial 
and non-riparian. The perennial to non-perennial and non-riparian change occurs in about 0.5 miles between 
Site 2 and Site 6. In about half that distance (to Site 5) the channel has become mostly non-riparian and 
completely non-perennial. 
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Figure 4. Buena Vista Creek Photos and Descriptions. All photos HCWC. 

Site 1. Thi s photo is taken about 1.25 air 
miles above the Buena Vista and Mosquito 
Creek confluence. Buena Vista Creek is in the 
foreground-associated willows and 
cottonwood trees mark its path in the big 
sweep to the left. Scattered willows and then a 
grey area between two cream colored patches 
(red arrows) mark its course in the distance. 
That grey area between the cream colored 
patches is the non-perennial portion of Buena 
Vista Creek. Mosquito Creek is visible as a 
small, dark line of willows, coming from 
behind the ridge to the left. It is first visible 
just above the center of the photo. Though not 
easily seen on this photo, the Mosquito Creek 
willow line extends in the distance to the right 
edge of the photo. 

Site 2. Relative open reach of channel where 
the stream has migrated out of the middle of 
the riparian zone, to the former edge of the 
uplands (left bank).The channel movement 
was probably due to blockage within the dense 
willow cover in the middle of the riparian 
zone to the right. This location is 
approximately 0.5 stream miles below the 
closest riparian zone visible in the Site I 
photo . Buena Vista Creek was judged to have 
1-1.5 cubic feet per second flow here. In 
addition to the amount of surface flow, the 
combination and amounts of willows, 
cottonwood trees (not obvious in this photo) 
and riparian herbaceous vegetation indicates 
that this reach is most certainly perennial, and 
it is obviously riparian. 

Site 3. This site is about 800 feet below Site 
2. The water has gone underground in that 
distance and was not observed to emerge 
anywhere down stream from here in the Buena 
Vista Creek channel. The vegetation here is 
similar to that in the area of Site 2. 
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Site 4. The channel here is dry and defin itely 
non -perennial due to the lack of water and the 
nearl y complete lack of riparian herbaceous 
vegetation, but it would still be co nsidered 
riparian due to the patc hes of willows . Th is 
willow spec ies (Salix lasiolepis) is often found 
in these setti ngs which on ly have spring-time 
surface flow s, Its common name is arroyo 
willow-indicating it often grows in and along 
dry washes. 

Site 5. Though not obvious, the greenest 
short plants in this photo are small Salix 
lasiolepis (at points of red arrows) . Larger, 
mature plants are visib le along this Buena 
Vista Creek channel and along Mosquito 
Creek which comes in from the left in the 
distance. T here are a few riparian her baceous 
species in this photo, but most of the 
herbaceous plants along and in the channe l are 
upland spec ies. 

Site 6. There is one 2-3 feet Salix lasiolepis 
clump in the middle of this photo (arrow). It 
was the last observed before the co nn uence 
with Mosquito Creek. Th e other plants visib le 
assoc iated with this wide , nearly indistinct 
Buena Vista channel a re up land species. The 
one willow alone does not make this reach 
riparian , and the stream channel here is not 
pere nnial. The cream colored areas at the left 
and right photo edges are noted in the Site I 
photo . 
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Importance of topic to long-term watershed health in the Alvord Lake Sub-basin. 

This topic has little direct importance to watershed health . It is important though in light of management 
expectations for this and other similar situations. 

Issues, concerns and action items. 

•	 Land managers and the public should be educated about situations where the perennial/non
perennial status of streams is incorrectly marked on USGS topograph ic maps. 

•	 Vario us stakeholders should consider an organized effort to more clearly determine the 
perenni al vs. non-perenni al extent of the sub-bas in's streams. This was partially done for fish
bearing perennial streams within the effo rts of the Oregon DEQ TMDL process. 
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WATER QUALITY
 

Information sources and authors 

Most of the text and information for this section was taken from various sections of the Oregon TMDL. 
HCWC has written some of the text to introduce or briefly explain topics and to tie the Oregon TMDL 
informati on together. 

The federal Clean Water Act (CWA) requires states to restore and maintain the physical, chemical , and 
biological integrity of the nation's waters . The federal Environmental Protection Agency (EPA) delegates 
this authority to the Oregon Department of Environmental Quality (DEQ). To implement the CWA, the State 
of Oregon develops and adopts water quality standards, which include beneficial uses, narrative and numeric 
criteria, and anti-degradation policies. Oregon's water quality standards are contained in OAR 340 Division 
41. 

Section 303(d) of the CWA requires the state to identify those waters not meeting the water quality 
standards, referred to as "water quality limited" or "impaired" and to establi sh a Total Maximum Daily Load 
(TMDL) for any water body designated as water quality limited. The TMDLs are written plans with analysis 
that describe the amount of each pollutant a water body can receive without violating water quality standards, 
and establishes that water bodies will attain and maintain water quality levels specified in water quality 
standards. The TMDL and Water Quality Management Plan (WQMP) for the Alvord Lake Sub-basin were 
completed by the DEQ and approved by the EPA in 2004. 

The Alvord Lake Sub-basin is comprised of eight 5th field watersheds, seven of which have stream segments 
listed on the 2002 Oregon 303(d) List for temperature, and/or dissolved oxygen. Research and data on water 
quality in the Alvord Lake Sub-basin was published in a document titled Alvord Lake Sub-basin Total 
Maximum Daily Load (TMDL) & Water Quality Management Plan (WQMP) by DEQ in September, 2003 . 

The TMDL document addresses the water quality in the Alvord Lake Sub-basin in two different ways. There 
is a TMDL for temperature for the sub-basin as a whole. There is also a separate TMDL for Willow Creek 
for both temperature and dissolved oxygen. These TMDLs and the resulting Water Quality Management Plan 
apply to Alvord Lake Sub-basin streams which have salmonids and to non-salrnonid bearing tributary 
streams that enter directly into salmonid bearing streams. The TMDLs and WQMP are summarized below , 
along with a discussion of the temperature and dissolved oxygen standards, and characteristics that contribute 
to the problem. 

Summary of the Alvord Lake Sub-basin Stream Temperature TMDL 
The Alvord Lake Sub-basin is a closed basin which means that its streams are not connected to the Pacific 
Ocean and anadromous fish are blocked from accessing the basin. In addition, many streams are 
disconnected from each other. There are no large streams that serve as immigration conduits for fish, and 
connect stream networks and fish populations. As a result, the majority of streams in this sub-basin do not 
support salmonid fishes (salmon and trout) due to natural limitations. Because of the discontinuous nature of 
the stream network in the Alvord Lake Sub-basin, the TMDL was not established for all streams in the sub
basin. Instead , the TMDL was established for streams in the Alvord Lake Sub-basin that either contain 
salmonid fish or that are tributaries to streams that contain salmonid fish. Salmonid fish distribution was 
determined by ODFW . Federally threatened salmonids do reside in the sub-basin. The Alvord Lake Sub
basin temperature TMDL targets human caused sources of heat from one primary source: increased solar 
radiation loading. 
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Summary of the Willow Creek TMDL 
Willow Creek in the Trout Creek Mountains was added to the 303(d) list for not meeting the state's dissolved 
oxygen standard . The Willow Creek TMDL addressed both the temperature standard and the dissolved 
oxygen standard. The Willow Creek TMDL was addressed in a separate chapter of the Alvord Lake Sub
basin TMDL because the types of data and modeling analysis used on Willow Creek were different from the 
methods applied in other streams in the Alvord Lake Sub-basin. 

The primary benefit of maintaining adequate dissolved oxygen (DO) concentrations is to support a healthy 
and balanced distribution of fish, invertebrates, and other aquatic life. In the Alvord Lake Sub-basin, the 
dissolved oxygen standard is designed to protect cool-water fish as the most sensitive beneficial use . While 
many chemical and physical processes can affect dissolved oxygen levels, stream temperature is a significant 
contributing factor, as increased temperature decreases the amount of oxygen in water. In addition, warm 
stream temperatures contribute to excessive algae growth, which in tum depletes dissolved oxygen levels. 

The Willow Creek TMDL for both temperature and dissolved oxygen targets human caused sources of heat 
from increased solar radiation loading and uses percent effective shade targets as surrogate measures for non
point source pollutant loading. 

Table 5. Alvord Lake Sub-basin 303(d) Listed Stream Segments, 2002. 
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Big Trout Creek 
Temperature (rearing) 
Temperature (spawning) 

303(d) Listed 
Potential Concern 

RM 0-16.6 
RM 0-16.6 

Denio Creek Temperature (rearing) 303(d) Listed RM 0-6.1 

East Fork Big Trout Creek 
Temperature (rearing) 
Temperature (spawning) 

Potential Concern 
Potential Concern 

RM 0-6.6 
RM 0-6.6 

Little Trout Creek Temperature (rearing) Potential Concern RM 0-9.3 
Little Wildhorse Creek Temperature (rearing) 303(d) Listed RM 0-2.5 
Mosquito Creek Temperature (rearing) Potential Concern RM 0-7.4 
Trout Creek Temperature (rearing) Potential Concern RM 0-30 
Unnamed Waterbody 
(Jawbone Creek) 

Temperature (spawning) Potential Concern RM 0-4 

Van Hom Creek Temperature (rearing) 303(d) Listed RM 0-8.2 
Willow Creek (East Steens) Temperature (rearing) 303(d) Listed RM 0-5.3 

WiIlow Creek 
Temperature (rearing) 
Dissolved Oxygen 
Temperature (spawning) 

303(d) Listed 
303(d) Listed 
Potential Concern 

RM 0-33.5 
RM 0-33.5 
RM 0-33.5 

Total Stream Miles included on 303(d) list for Temperature (rearing) 

Total Stream Miles included on 303(d) list for Dissolved Oxygen 

Total Stream Miles listed as "Potential Concern" for Temperature (rearing) 

Total Stream Miles listed as "Potential Concern" for Temperature (spawning) 

72.2 

33.5 

53.3 

60.7 
Source : Oregon TMDL 

Summary of the Water Quality Management Plan 
The pollutant identified in the TMDLs was heat from human caused increases in solar radiation loading to 
the stream network (removal of riparian vegetation by various means) . The WQMP developed for these 
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TMDLs focuses on one activity that addresses both temperature and dissolved oxygen levels: establishing 
and protecting riparian area vegetation. 

WQMPs are plans designed to reduce pollutant loads to meet TMDLs. The goal of the Alvord Lake Sub
basin WQMP is to reduce solar loading to the streams. The plan is described as preliminary in nature and 
designed to be adaptive as more information is gained regarding the pollutants, allocations, management 
measures, and other related areas . Proposed management categories and measures for controlling in-stream 
temperature include: 

Public AwarenesslEducation Agricultural Practices 
General and Targeted Outreach Streambank Stabilization 

New Development and Construction Riparian Area Management 
Planning Procedures General and Targeted Outreach 
Permi tting/Desi gn Season of Use 
Construction and Post-construction Control Uplands Management 
Activities 

Sub-basin-Wide Riparian Area Management BMP Monitoring and Evaluation 
Revegetation In-stream Monitoring 
Streambank Stabilization BMP Implementation Monitoring 
General and Targeted Outreach Forest Practices 

Federal Land Management Riparian Area Management 
Riparian Area Management Season of Use 
Targeted Outreach BMP Monitoring and Evaluation 
Strearnbank Stabilization Transportation 
Wildfire Prevention/Suppression Road Construction/Maintenance/Repair 
Season of Use 
Borax Lake Geothermal Sources 
Uplands Management 
Exotic Plants Impacting Riparian Communities 
BMP Monitoring and Evaluation 
Instream Monitoring 
BMP Implementation and Monitoring 

The WQMP expects the various management agencies to develop and implement Best Management 
Practices or other management measures to meet the load allocations. ODEQ also recognizes that it may take 
several decades after full implementation before changes can become fully effective in reducing and 
controlling in-stream temperatures. 

TMDL Standards: Temperature. A seven-day moving average of daily maximums (seven-day statistic) 
was adopted by ODEQ as the statistical measure of the stream temperature standard. The observed maximum 
seven-day temperature statistics from data collected during 2001 indicate that stream temperatures follow a 
longitudinal (downstream) heating pattern and are above the salmonid rearing standard of 64°F (I 7.8°C) for 
most reaches, typically during portions of July and/or August. (Note: As of spring 2006, ODEQ adopted a 
new standard for the Malheur Lakes Basin Temperature Standard of a maximum of 68° F for both salmonid 
rearing and salmonid spawning, egg incubation, and fry emergence.) 

TMDL Standards: Oxygen. While many chemical and physical processes can affect dissolved oxygen 
levels, stream temperature is a significant contributing factor to water quality standards violations for 
dissolved oxygen. Dissolved oxygen in water bodies may fall below healthy levels for a number of other 
reasons including carbonaceous biochemical oxygen demand (CBOD) within the water column, nitrogenous 
biochemical oxygen demand (NBOD, also known as nitrification), sediment oxygen demand (SOD), and 
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algal growth, which in tum depletes in-stream dissolved oxygen levels. Increased water temperatures will 
also reduce the amount of oxygen in water by decreasing its solubility and increasing the rates of both 
nitrification and the decay of organic matter. 

ODEQ sampled dissolved oxygen concentrations, dissolved oxygen saturation, pH, nutrients and BOD at 
eight locations within Willow Creek during the summer (August) and fall (November) of 1998 . Samples 
collected during August correspond to a condition of high stress on Lahontan cutthroat trout resulting from 
elevated water temperatures. Sample locations were situated in order to allow for the evaluation of the 
longitudinal change of these water quality parameters as well as seasonal changes. During each sampling 
session, data was collected continuously at three of the sites in order to determine diurnal changes of these 
parameters. Grab samples were collected at all eight locations. Observed fall dissolved oxygen 
concentrations were much higher than under summer conditions. None of the sites violated the dissolved 
oxygen criteria during November. 

Factors Contributing to Stream Heating 
Stream Flow. Low flows in the Alvord Lake Sub-basin generally occur during the mid-to-late summer 
months starting in July and extending into the early winter months due to minimal precipitation, post runoff 
season and in some cases agriculture water withdrawals for irrigation. Low stream flow is a significant 
contributor to increased water temperature for the simple reason that smaller amounts of water heat faster 
than larger amounts. 

Historic stream flow data for the Alvord Lake Sub-basin is extremely limited. There are only two 
USGS/OWRD gages : Wildhorse Creek near Andrews, with a period of record ending 1953; and Trout Creek 
near Fields, which is still in use. The flows were measured as part of the sub-basin TMDL assessment. The 
flows during 2001 were recorded for all of the streams surveyed. The volume of low flow, or base flow, for 
most streams is generally less than 1.0 cubic foot per second (cfs). The exception was Trout Creek which 
was measured at 1.76 cfs during low flow. 

Summer base flows in the lower reaches of Alvord Lake Sub-basin streams are reduced by water 
withdrawals for irrigation and lose-gain phenomenon in some streams. The out-of-stream beneficial uses of 
the water from these streams are primarily irrigation and domestic uses. The sub-basin has dedicated water 
rights for irrigation and other uses. There are in-stream water rights appropriated to ODFW for the protection 
of fish in the Alvord Lake Sub-basin in Trout Creek, Little Trout Creek, and East Fork of Big Trout Creek. 
Although water withdrawal affects stream temperature, the TMDL recognized irrigation as an out of stream 
beneficial use. Therefore, stream flow was not targeted directJy in this TMDL. 

Many streams in the Alvord Lake Sub-basin also have a lose-gain phenomenon as the result of site-specific 
geology and hydrology. High stream flows during bank-full or greater events down steep slopes results in 
deposits of large coarse-grained materials (boulder/cobble class) on large alluvial fans. These alluvial fans 
are very porous and readily absorb lower summer stream flows, resulting in very short perennial stream 
reaches. 

Compounding this situation is the issue of water availability from snow pack. The average annual rainfall for 
low elevations in the sub-basin is about 8 inches. Desert streams depend on snow pack as a water source for 
base flow during the late summer period. Consensus among researchers and biologists is that streams within 
the Alvord Lake Sub-basin experience "shrink-swell" phenomenon based on the amount of water that is 
available from snow pack during any given year, resulting in patterns of fish distribution that expand or 
contract rapidly commensurate with available water. The extent of plant communities can also expand and 
contract, but the response is slow, requiring perhaps several years, or even decades. 
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Riparian Vegetation. Riparian vegetation plays an important role in controlling stream temperature change. 
Near stream vegetation height, width and density combine to produce shadows that when cast across the 
stream reduce solar radiant loading. Bank stability is partially a function of riparian vegetation and channel 
width is therefore influenced by riparian vegetation. Narrower channels have less surface area, absorbing less 
solar radiation. Riparian corridors often produce a microclimate that surrounds the stream where cooler air 
temperatures, higher relative humidity and lower wind speeds are characteristic. 

Solar radiation is often the most significant heat transfer process and can be highly influenced by human 
related activity, especially reduction of riparian vegetation. Highly shaded streams often experience cooler 
stream temperatures due to reduced solar energy input. Decreased levels of stream shade increase solar 
radiation loading to a stream. The primary factors that determine stream surface shade are near stream 
vegetation physical characteristics and channel width. Near stream vegetation height controls the shadow 
length cast across the stream surface and the timing of the shadow. Channel width determines the shadow 
length necessary to shade the stream surface. Near stream vegetation and channel width are sometimes 
interrelated in that stream bank erosion rates can be a function of near stream vegetation condition. Human 
activities that change the type or condition ofnear stream land cover and/or alter stream channels by 
widening beyond appropriate channel equilibrium dimensions to levels that result in decreased stream 
surface shading will like have a warming effect on stream temperature. [sic] Such human activities include 
grazing of riparian vegetation by livestock, logging or clear-cutting of riparian vegetation, and straightening 
or armoring of stream channels. 

ODEQ uses effective shade as a surrogate measure for stream temperatures in the Alvord Lake Sub-basin. It 
is defined as the percent reduction of potential solar radiation load delivered to the water surface. The 
surrogate measure of effective shade targets the establishment of a system potential riparian community to 
provide the instream temperatures that will result from a riparian system which is minimally impacted by 
human caused activities. The system potential riparian community provides thermal buffering in the form of 
shade as well as providing: 1) stream bank stabilization which results in a reduction in sediment inputs and 
subsequent decreases in channel width; and, 2) reconnection of the floodplain which restores function, 
channel stability, and water storage and release as hyporheic, or subsurface flows, during the warmer 
summer months . 

System potential riparian community information and effective shade curves were developed for the four 
distinct ecological provinces in the sub-basin: East Steens, Pueblo Mountains, Trout Creek Mountains, and 
Willow- Whitehorse. Based on the field data collected, system potential conditions were developed for three 
to four different elevation zones within each ecological province-see pages 103-105. 

Channel Morphology. Changes in channel morphology, namely channel widening, impact stream 
temperatures. Channel morphology is a broad term which encompasses hydraulic geometry (shape of the 
cross section of a stream channel), distance of vegetation from the stream, sinuosity, gradient, substrate, and 
other physical characteristics of a stream . The characteristics of a channel can significantly influence stream 
heating. For example, a stream with a large width to depth ratio will receive more solar radiation on a unit 
volume basis than one with a narrow, deep channel, resulting in greater diel fluctuations in temperature. The 
distance of vegetation from the stream is very important, since vegetation too far from the stream to provide 
shade will do little to prevent heating . An addit ional benefit inherent to narrower/deeper channel morphology 
is a higher frequency of pools that contribute to aquatic habitat or cold water refugia. In addition, the removal 
of streamside vegetation can reduce bank stability leading to increased sediment loads and a wider stream 
channel and can reduce connection with the floodplain leading to decreased water storage and hyporheic 
flow of cooler water during the summer months. 
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