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The Umatilla TMDL Stakeholders Committee is a TMDL Citizens Advisory Committee, sponsored by the
Oregon Department of Environmental Quality, the Umatilla Basin Watershed Council and the
Confederated Tribes of the Umatilla Indian Reservation. The Committee's Mission Statement is:

"To equitably improve the health of the Umatilla Basin's water
in an effort to meet recognized water quality standards
for it's economy and inhabitants, human and non-human,
now and in the future.”

ADVISORY COMMITTEE COMMENT

Co0-CHAIR ANTONE MINTHORN:

Good things take a long time to develop. It took seventy years to partially restore stream flows to the
Umatilla River and to reintroduce salmon into our River. We now have both — salmon and minimal
instream flows. Now we have spent nearly five years developing the Umatilla TMDL — to restore water
quality to the water we all worked so hard to leave in the River. It is with honor that | have served the
basin and worked along side Co-Chairman Don Wysocki. | have been most impressed with the
commitment of the citizens of this watershed. The humor, interest and dedication brought to this
monumental effort will shape the future of our River. Ron Deutz, Carter Kerns, Shauna Mosgrove, Phil
Reeves, Phil Walchi, Gary Rhinhart, Jayne Clarke and Bob Hoeffel — your energy and enthusiasm will
continue far beyond the life of our paperwork. It is with our eyes on the next seven generations that
directs Tribal efforts — | am thankful we have all had a common vision.

Out of this process leadership was provided and leaders rose up from our group. Ron Deutz, Karen King,
Alanna Nanegos and Shauna Mosgrove each provided the committee with vision. Their strength and
courage was demonstrated individually and served to lead us over the course of nearly three years to
fulfilling our mission. | recognize each of these people as community leaders and thank them.

People working together seems like old hat in the Umatilla. |1 am appreciative of the efforts made by the
State of Oregon and the U.S. Environmental Protection Agency to collaborate about our future. The
Umatilla model of citizen cooperation has infiltrated even our bureaucracies — a true signal of hope and
confidence that we can continue to achieve what is now in our sights. Clean water, children playing in the
Umatilla River without concern about pollution, robust salmon and eel runs, strong economies and
respectful people.

Finally, | want to thank the staff of the Confederated Umatilla Tribes whose expertise has enabled the
Tribal Government to participate in this TMDL as recognized leaders and push the envelope to see
farther than we could have otherwise.

Now it is time for us as a community to step back from our work and ask those in other places to pick it
up, fund it and help us make it happen. | call upon our congressional delegation, and especially Sen.
Gordon Smith to take the challenge and help us in Congress to fund our projects and achieve our vision.
| call upon state government and the Governor to assist us in cleaning up the Umatilla River and working
in partnership to finally arrive at a clean river with bountiful salmon and eels. And | ask for the continued
commitment of our citizens to watch over these efforts and to contribute when needed to make our plan
work.
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1.1 INTRODUCTION

The following summary (Section 1.1.1) serves to introduce the Umatilla Basin, discuss the purpose of this
document and describe the goals and plans established within.

Total Maximum Daily Loads (TMDLs) of pollutants are set at levels that are protective of streams and
other waterbodies, designed to support beneficial uses of waters of the state. The Umatilla Basin
beneficial uses that are currently limited are: drinking water, water contact recreation and uses related to
salmon and trout populations. The most widespread concerns in the Basin are temperature, and excess
soil erosion which leads to turbidity and impaired salmonid spawning areas. This TMDL is based on
surface water protection and develops surface water goals. In certain instances, groundwater
improvement will be essential to attaining stream water quality goals and should be accounted for in
response to this TMDL.

Abbreviations and terms used in this document are defined in Appendix 2.

1.1.1 DOCUMENT & ALLOCATION SUMMARY

This document establishes water quality goals for streams of the Umatilla Basin. It also lays out steps
toward meeting these goals. The goals are intended to reinforce and add to existing and historic stream
restoration implemented by agencies, tribes and citizens. Numerous Basin streams do not meet Oregon
water quality standards. Observation, history and research clearly indicate that riparian areas of the
Umatilla Basin have been considerably modified through vegetation removal, stream straightening, diking,
land re-surfacing and constriction due to management and structures. Flow levels in the lower Basin are
highly managed through irrigation withdrawal and reservoir management - summer flow improvement is
key to needed temperature reduction. Nutrient and chemical application to fields occurs through much of
the Basin. All of these actions can decrease water quality. Chapter Two evaluates impairments and
establishes numeric goals based on attainment of water quality standards.

This effort is formally conducted through Oregon's TMDL process. TMDL is 'total maximum daily load'
defined by State and Federal law. The Federal Clean Water Act requires that TMDLs be established for
certain waterbodies that do not meet water quality standards and that the State conducts a continuous
planning process to implement TMDLs. This document is prepared and organized accordingly. Chapter
One describes the Basin and the TMDL process, Chapter Two develops the TMDLs and Chapter Three
is a water quality management plan (WQMP) designed to implement the TMDLs. TMDLs in Oregon are
basin-specific. The TMDL process is further described in Section 1.3.

Chapter One Summary:
The Umatilla Basin has several noteworthy distinctions:

Policy and technical recommendations for the TMDL are community-based

More than 80 percent of the Basin area is in private ownership

The Confederated Tribes of the Umatilla Indian Reservation is located within the Basin

Cooperative flow restoration and salmon re-introduction have returned flow levels and fish species

absent from the Basin for 75 years

The largest area of land use is agricultural

¢ The TMDL committee process was tri-sponsored through the Umatilla Basin Watershed Council, The
Confederated Tribes of the Umatilla Indian Reservation and the Oregon Department of Environmental
Quality

¢ The water quality concerns are predominately landscape based; not discrete point source pollution

The Basin is among the 5 largest of Oregon's 91 sub-basins

¢ The Basin is a high priority for Oregon, and will be the 3rd sub-Basin TMDL completed in the State

* * & o o

*
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The Umatilla Basin is home to productive agricultural and forestlands and contains streams with
historically viable and returning salmonid populations. Topography, geology, land use, climate,
demographics, and flow and salmon restoration are described in this Chapter. The applicability of this
TMDL, the TMDL general process and the Basin TMDL committee process are described as well. The
TMDL strategy for addressing all identified water quality impairments is defined here. Tribal involvement,
interests and contributions are recognized.

Chapter Two (TMDL) Summary

Chapter Two develops TMDLs for temperature, sediment, algae & pH, nutrients, bacteria; and other
goals for streambed and habitat concerns. Tables 1 and 2 summarize the TMDLs. Table 1 relates the
TMDL text to the Clean Water Act. The reader is encouraged to review Table 2 and the figures and
tables referenced by it, for a succinct statement of the goals allocated via the TMDLs. To understand the
tables discussion of two terms is needed (the terms are further defined in Section 1.3 and the glossary
appendix): 'load allocations' apply to pollutants derived from the landscape, whereas 'wasteload
allocations' are TMDLs that apply to permitted "point" sources such as a sewage treatment plant. TMDLs
are the maximum amount of pollutant that can be present in a stream while meeting water quality
standards.

Management goals for habitat and streambed grain size distribution are described in Section 2.2.
Chapter Three (WQMP) Summary

The water quality management plan (the entirety of Chapter 3) has been developed for forest,
agricultural, urban and transportation sources of water quality impairment. The plans apply to non-point
sources. A water quantity plan, prepared to address flow concerns, is included in this chapter. Point
source waste load allocations are established in Chapter Two and will be incorporated into permits
administered by ODEQ.

The TMDL and WQMP build upon the following land management programs in the Umatilla Basin:
v' Oregon'’s Forest Practices Act (state and private forest lands)
v Senate Bill 1010 (agricultural lands)
v' Oregon Plan (all lands)
v' Many other programs (USFS, ODOT, Cities & County, NPDES, etc.)

Chapter Three includes (1) schedules for evaluating and producing programs, rules or policy to
implement TMDLs, (2) recommendations of best management practices to improve water quality, (3)
discussion of costs, areas and impairments of emphasis, long-term monitoring, public involvement and
maintenance of effort over time. The primary authors were workgroups appointed to represent the
specific land uses, providing stakeholder representation as well as technical and policy expertise. Key
steps for all land use sectors are summarized in Section 3.5.8.
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Table 1. Umatilla Basin TMDL Components, TMDL Nomenclature

State/Tribe: Oregon
Waterbody Name(s): streams within the 4" field HUC (hydrologic unit code) 17070103.

POINT SOURCE TMDL.: X NON-POINT SOURCE TMDL: X (CHECK ONE OR BOTH)
Date: March 2001

Component Comments

+ Temperature: Anthropogenic increase in solar radiation loading, and warm
water discharge to surface waters

¢ Sediment: turbidity

¢ Aquatic Weeds and Algae: temperature, light

+ Nitrate, Ammonia, Bacteria

Pollutant
Identification

Applicable Water Quality Standards: see Appendix A-7
Loading Capacities:

Largt?:' ti + Temperature: no increases in radiant energy above site potentials (fig 35)
entitication + Sediment: watershed specific TSS targets (table 26)
CWA §303(d)(1)

+ Nitrate: flow-based nitrate mass load (table 41 & 42)
¢ Ammonia: flow-based ammonia mass load, unspecified (section 2.1.5.5)
+ Bacteria: 406 counts/100 ml

40 CFR 130.2(f)

Existing Sources | Forestry, Agriculture, Transportation, Rural Residential, Urban, Industrial Discharge,
CWA §303(d)(1) | Waste Water Treatment Facilities

Temperature: Peak temperatures occur throughout late July and early August
Sediment: Highest turbidity and suspended sediments occur December through
Seasonal April, load allocations are based on winter/spring design storm
Variation Nitrate: seasonal trend not apparent, TMDL applies all year

CWA §303(d)(1) | Ammonia: seasonal trend not apparent, TMDL applies all year
Bacteria: based on 90th percentile design storm during critical season - April to
October, except McKay Creek watershed was addressed all year

TMDL
Allocations
40 CFR 130.2(g)
40 CFR 130.2(h)

Refer to Table 2 summary of load and waste load allocations

Temperature: implicit (section 2.1.1.7)
Sediment: implicit (section 2.1.2.7)
Nitrate: explicit (section 2.1.4.7)
Ammonia: implicit (section 2.1.5.8)
Bacteria: implicit (section 2.1.6.10)

Margins of Safety
CWA §303(d)(1)

¢ Analytical modeling demonstrates that allocated loads will attain water quality

Water Quality standards

Standard ¢ In areas where numeric criteria are not met, analytical assessments demonstrate
Attainment that allocated loads represent a pollutant loading condition where anthropogenic
Analysis contributions are minimized to the extent possible.

CWA §303(d)(1) | « A Water Quality Management Plan (WQMP) is developed to implement
measures that attain load / wasteload allocations.

Public Notice

40 CFR 25 Prior to October 16, 2000 to December 15, 2000 public comment period

Table 1 & 2 Notes:

¢ Umatilla Basin in this document is the geographic area draining into the Umatilla River - 4th field Hydrologic Unit
Code

¢ Agriculture refers to farming and ranching, range land and cropland and animal feeding operations

¢ Urban includes incorporated areas and unincorporated residential, commercial, industrial

¢  WWTP - Waste Water Treatment Plant
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Table 2.  Description of Load Allocations and Waste Load Allocations

(developed in Chapter Two)

\ Load Allocations Waste Load Allocations
Water Quality  Quantity Geographic Season RResponsibility Quantity Point of Season Facility
Limitation Areas Compliance

Temperature + Daily max. Perennial July to August | Land uses: percent end of pipe April 15 to Municipal
radiant energy streams of annual peak ¢ Agriculture reduction in November 1 | WWTP:
* % effective the Umatilla temperatures ¢ Forestry discharge Pendleton,
shade (fig 37) Basin ¢ Urban temperature Hermiston,
¢ Channel width ¢ Transportation | during Athena,
and shade (figs critical Stanfield,
31, 38, 39, 40) period Echo
¢ Channel max. (table 18) (map - fig 7)
width/depth
(table 15)
Sediment ¢ % Upland All streams Design storm Land uses: 80 mg/l total | end of pipe all year listed above
erosion reduction | of the (winter/spring) | & Agriculture suspended
¢ % Streambank Umatilla ¢ Forestry solids (daily
erosion reduction | Basin ¢ Urban max., sect.
(both in fig 47) ¢ Transportation | 2.1.2.9)

Aquatic Weeds (addressed through temperature TMDL) (addressed through temperature TMDL)

and Algae

Nitrate Flow-based daily Wildhorse Throughout Land use: 11 Ib/day end of pipe | all year City of Athena

instream limits in Creek year ¢ Agriculture nitrate-N WWTP
Ibs/day of nitrate watershed maximum
(tables 41, 42) load (table

41)

Ammonia (addressed through point source) 0.12 Ib/day edge of all year City of
(variable) mixing Hermiston
ammonia-N zone WWTP

Bacteria Number of E. Coli 8 Major Design storm | Land use: E. Coli and end of pipe | all year Municipal

organisms entering Watersheds | ¢ McKay ¢ Agriculture total coliform WWTP:
streams per design (figs 80 to Ck (all ¢ Urban maximum Pendleton,
storm runoff 87) year) concentration Hermiston,
(Tables 49 to 54) ¢ Others (tables 47-51) Stanfield
(April to
October)
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1.1.2 COMMITTEE PROCESS

The mission statement of the Citizen's Advisory Committee (Umatilla TMDL Stakeholders Committee) is:
"To equitably improve the health of the Umatilla Basin's water
in an effort to meet recognized water quality standards
for it's economy and inhabitants, human and non-human,
now and in the future."

The flowchart below was prepared to guide the TMDL committee process.

Figure 1. Umatilla Basin TMDL Committee Process

Umatilla Basin TMDL Process

Umatilla Technical Committee (propose technical basis)

Technical
Committee

. ; - liaisons
» provide data, draft strategies, methods, analysis support
i WQMP

workgroup

Umatilla Stakeholders Committee (propose policy) requests

» recommend allocations (load & waste load)
* recommend management objectives
* integrate basin wide TMDL & WQMP

Step 2. Technical
TMDL + Committee
wamp Step 1. Planning Committees write review

TMDL WQMP elements, including:
TMDL Acceptance: guides  + identify BMP's « timeline
DEQ, CTUIR, EPA WQMP  « monitoring + responsibility
prep * assurance -« costs/funding  /Compile into
YES No Agriculture (SB 1010) TMDL/WQMP
Urban Nonpoint Source dczg“Enée)nt
Forestry
2ol plete Water quantity

Transportation

A core partnership was formed between the Umatilla Basin Watershed Council (UBWC), the
Confederated Tribes of the Umatilla Indian Reservation (CTUIR) and the Oregon Department of
Environmental Quality (ODEQ). The partnership sponsored two primary committees to make TMDL
recommendations: the Umatilla Basin TMDL Technical Committee first convened in January, 1996 and
the Umatilla TMDL Stakeholders Committee was established January, 1998. All meetings were open to
the public and advertised. The Watershed Council facilitated the Technical Committee. The
Stakeholders Committee was co-chaired by Antone Minthorn (CTUIR Board of Trustees Chair) and Don
Wysocki (soil scientist at the Agricultural Research Service). Chuck Norris, previous Oregon State
Representative, also provided early leadership. The citizen and agency members are listed in the
acknowledgements.

The above chart illustrates the document development process. The Technical Committee (including
ODEQ) conducted watershed assessment and recommended the TMDL technical basis and reviewed all
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sections. The draft TDML components were then submitted to the Stakeholders Committee for review.
The Stakeholders Committee, representing the public, led the process. During TMDL development,
Stakeholders Committee members appointed citizen/agency workgroups representing four selected land
use categories (agriculture, transportation, forestry, urban) and flow restoration. These workgroups
developed the core components of the Chapter Three WQMP. Both the Technical Committee and the
Stakeholders Committee then reviewed the compiled TMDL and WQMP document herein and, with the
concurrence of ODEQ and CTUIR, recommend it as the Umatilla Basin TMDL and WQMP. ODEQ was
participant and provided guidance throughout document preparation. All essential TMDL data and
modeling were verified by ODEQ. The bulk of the TMDL modeling and data evaluation was implemented
by ODEQ with advisory group guidance.

The agricultural WQMP was prepared through the SB1010 process prior to the appointment of the
Stakeholders workgroups. The two processes are closely related and were linked through liaisons
including ODA, ODEQ and the agricultural committee Chair.

Representatives of various land uses and resources formed the Umatilla Basin TMDL Technical
Committee (refer to acknowledgements). Valuable contributions include method development, extensive
data collection, data evaluation and study of the interaction between land use and water quality. The
knowledge derived from these data collection efforts and discussion, some of which is presented in this
document, has been used to design the enclosed protective and enhancement strategies that address
water quality issues.

Much credit is due to the Basin community and agencies for exceptionally dedicated cooperation and
contribution. The Watershed Council provided Basin-wide coordination, outreach, facilitation and
forums that greatly enhanced the process, generated widespread public input and awareness and
assured broad representation in the development of this TMDL and WQMP.

1.1.3 CONFEDERATED TRIBES OF THE UMATILLA INDIAN
RESERVATION

This section has four purposes: (1) recognize the contributions of the CTUIR to Basin-wide watershed
restoration and specifically to this TMDL/WQMP preparation, (2) recognize tribal rights and interests
throughout the Basin, (3) specify that this TMDL does not apply within the reservation boundary, and (4)
discuss the relationship between this TMDL and the anticipated Reservation TMDL.

(1) The CTUIR natural resource department staff contributed expertise in hydrology, ecology, aquatic
biology, monitoring and policy. The CTUIR provided committee support, guidance and ongoing input to
the core partnership and committees. The leadership provided by tribal Co-Chair Antone Minthorn, in
teamwork with the non-tribal Co-Chair Don Wysocki, maintained the group on track and focused on
common goals. The CTUIR provided automated sampling equipment, expertise in stream morphology
inventories and conducted stream-monitoring basin-wide. A key data source for the Temperature TMDL
is the aerial infrared data contracted by the CTUIR. Another important data set are the habitat surveys
conducted by CTUIR, ODFW and USFS. The CTUIR maintains the most extensive geographic
information system database for the Basin, and provided key GIS resources in dispersing this data. This
is an abbreviated list of CTUIR contributions that were unfailingly maintained for 5 years of TMDL
development. In addition, the CTUIR facilitated the Basin project, the benefits of which are inestimable in
terms of fisheries and flow restoration.

(2) The CTUIR have treaty rights and interests in their traditional homeland, including those relating to
natural resources and water quality, such as fishing and subsistence activities. The map below shows
these lands, which entirely encompasses the Umatilla Basin. Also, upstream conditions affect
Reservation water quality just as Reservation lands can influence lower- and mid-Basin water quality.
Rights recognition, mutual interests and common values of support and cooperation have prevailed
throughout TMDL development.
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Figure 2. Map of Ceded and Joint Use Territories

Note: this map shows the lands, waters and resources traditionally under the direct management
influence of the Confederated Tribes of the Umaitilla Indian Reservation, and which are now subject to
influence by their right to protect treaty-reserved resources and interests for Tribal members.

CTUIR CEDED AND JOINT USE TERRITORIES MAP

f" N

LEGEND
STATE BOUNDARY —r———eaa .
1855 TREATY iy
; VATIoN ' '
2:)1?;3};[;} RESER S lt:‘n;.:z PI‘I.I.A.
NDARY R, "o S AESEAVATION
il
I E ”l‘ Oeegon
FISHIMG TRFATY P

Ceded Territories

of the Confederated Tribes of the
Umatilla Indian Reservation
(Roughly 6.4 million acres)

UMATILLA RIVER BASIN TMDL PARTNERSHIP PAGE 9 MARCH 2001



UMATILLA RIVER BASIN TMDL AnD WQMP CHAPTER ONE: OVERVIEW & BACKGROUND

(3) This document does not apply within the Reservation Boundary. This is discussed with the scope
and applicability of this TMDL in Section 1.3.

(4) ATMDL is currently being prepared for Reservation land by the CTUIR. The State of Oregon and the
CTUIR have worked together closely in Basin-wide TMDL development. Mutual assessment of streams
has occurred throughout the Basin. The core partnership between the CTUIR, the Watershed Council and
the ODEQ, and five years of cooperation between this partnership and the other Basin natural resource
organizations, has laid the foundation for TMDL development within and outside of the Reservation that is
mutually supportive and consistent. It is envisioned that the two sets of TMDLs will target similar water
quality standards, and hence provide similar levels of water quality protection.

1.2 THE UMATILLA BASIN

The Umatilla River Basin is located in the northeastern part of Oregon, in the Middle Columbia Basin,
occupying approximately 2,500 square miles. The Umatilla River originates in the conifer forests of the
Blue Mountains at over 6,000 feet elevation and flows west and then northwest through the semi-arid
shrub steppe of the Deschutes-Umatilla plateau, entering the Columbia river at an elevation of 270 feet
above sea level. This confluence occurs at the town of Umatilla, Oregon, about 300 miles upstream from
the Pacific Ocean. The hydrologic unit code for the Umatilla Basin, classified accordingly as a 'Sub-Basin
or 4th level watershed, is 17070103 (USGS Hydrologic Unit Code, 1989). Basin topography is depicted
in Figure 3. Most of the Basin area, including the Blue Mountain uplands, is gently sloping. Expansive
plateaus, steppes and rolling hills are incised by the narrow and steep-walled valleys of the Umatilla River
drainage. Note that a map of major streams is enclosed on Page xviii.

' Bowman Spr.
© Lucky Strike  climate Stations

2 Temp/Precip
74 # Snow/temp/Precip
~ Arbukle Mt.

Figure 3. lllustration of Basin Topography
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The Umatilla River main stem begins at the confluence of its North and South Forks, 90 miles from the
mouth. It has eight major tributaries: The North and South Forks of the Umatilla River and Meacham
Creek in the upper Basin; Wildhorse, Tutuilla, McKay and Birch Creeks in the mid Basin; and Butter
Creek in the lower Basin. Much of the mainstem and major tributaries have been straightened and or
levied.

1.2.1 GEOLOGY

The Miocene Columbia River Basalt group (14-17 million years old) comprises the dominant bedrock
throughout the Basin. Flexure and faulting have created the major structural features - the Blue Mountain
uplift of the upper Basin and the subtle northeast trending arch that the Umatilla River traverses, mid-
Basin, between the towns of Pendleton and Echo. These resistant highlands act as hydraulic controls
that inhibit deepening and widening of valleys and are slow to transmit groundwater recharge (Walker and
McLeod, 1991). A relatively thin layer of sedimentary deposits covers the basalt in much of the Basin.
Alluvium deposited by modern rivers is common in valleys and floodplains. Coarse Pleistocene glacial-
riverine deposits occur in the lower Basin below the town of Echo, related to the Pleistocene Missoula
floods. Pleistocene and Holocene glacial and wind-blown silt and fine sand blanket much of the Basin,
often to a depth of 20 feet, such as in the Wildhorse Creek watershed, thinning southward.

Soil scientists have mapped 75 different soil types in Umatilla County. The lower elevation soils of the
Columbia Basin formed in old alluvial deposits that have been reworked by wind. Their elevation ranges
from 250 feet to about 1,500 feet. The soils of the Columbia Plateau are on hills, in gently sloping areas
on terraces and on steep hill slopes that are mantled by windblown silt. These soils range in elevation
from 500 to 3,100 feet. The soils of the Blue Mountain foothills are in gently sloping areas on ridge-tops
and in very steep areas on hill slopes. Elevation ranges from 1,500 to 4,500 feet. The soils of the Blue
Mountains are in gently sloping areas on plateaus and ridge-tops and in very steep areas on hill slopes.
Ash deposited during past volcanic activity in the Cascades has accumulated in some areas. Blue
Mountain soil elevations range from 3,000 to 5,200 feet (USDA, 1988).
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1.2.2 CLIMATE

The Rocky Mountains partly shield the Umatilla Basin from strong arctic winds, so winters generally are
not severe, though cold. In summer, the Cascade Range inhibits winds from over the Pacific Ocean to
the west. Days are hot, but nights are fairly cool. Annual average temperatures in the lower Basin range
from 50 to 55 °F (10 to 13 °C). In winter the average temperatures at Hermiston, Pendleton and
Meacham are 35, 36 and 29 °F (1.6, 2.2, -1.6 °C), respectively. In summer the average temperature is 60
°F at Meacham and 71 °F at both Hermiston and Pendleton (16 and 22 °C; USDA, 1988).

Figure 4. Basin Precipitation (Oregon SSCGIS)
[precipitation contours in 2-inch intervals]
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Annual precipitation is illustrated in Figure 4. Precipitation is scant in the summer except in mountainous
areas. Total annual precipitation is 9 inches at Hermiston, 12 inches at Pendleton and 33 inches at
Meacham. Of this, 30 percent usually falls in April through September (USDA, 1988). Mean annual
precipitation ranges from 10 inches per year at Umatilla to 50 inches per year in the headwaters (Taylor,
1993). Climate stations are shown in Figure 3.

Average seasonal snowfall is 11 inches at Hermiston, 18 inches at Pendleton and 146 inches at
Meacham (USDA, 1988). Maximum winter snow pack in the Blue Mountains typically ranges from two to
six feet in depth in the area of greatest accumulation, which is above the North Fork of the Umatilla.

The average relative humidity in the afternoon is about 55 percent in mid-afternoon and 70 percent at
dawn. The prevailing wind is from the southwest. Average wind speed is highest, 11 miles per hour, in
the spring (USDA, 1988). The most dramatic runoff events are associated with rain on frozen ground in
the upper- and mid- Basin.
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1.2.3 LAND USE AND OWNERSHIP

Private ownership is predominant in the Umatilla Basin, covering roughly 80 percent of the Basin land
area (1,456,000 acres). The US Forest Service manages about 13 percent (Section 3.3.3) of the land
area while approximately 12 percent (CTUIR, 1999), lies within the boundaries of the Confederated
Tribes of the Umatilla Indian Reservation. Land use area is illustrated in Figure 5.

Figure 5. Land Use Spatial Distribution

USGS Land Use

Developed
Agriculture
Rangeland
Forest Land
Water

Wetland
Barren

Agricultural and rangelands comprise more than 80 percent of the Basin area and the remainder consists
of roughly 15 percent forest and 3 percent urban and developed area. The following summary is from the
Umatilla River Basin Agricultural Water Quality Management Area Plan.

“The early settlers (1843-1880) pursued an agrarian lifestyle, primarily raising livestock
and with limited crop production. Heavy livestock grazing during the last half of the
1800's and early part of this century, along with expanding cultivation, modified much of
the native vegetation. Less desirable drought-tolerant species moved in converting
thousands of acres of perennial grasses to sagebrush, rabbitbrush and antelope
bitterbrush. Intensive tillage began during the 1880's to 1910's, causing large amounts of
native grasslands to be converted to dry cropland. Mechanization and government policy
(WW Il horse slaughter) reduced the number of horses and the need for large area of
pasture and hay production by the late 1940's or early 1950's. Irrigation water rights date
to the 1860's for flood irrigating in creek valleys. Several Bureau of Reclamation projects,
beginning shortly after the turn of the century, developed arid areas in the lower Basins.
Since the advent of modern irrigation systems, thousands of acres of land in the lower
Basin have been developed for crop production.”

(ODA & Umatilla County SWCD, 1999)
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Private, state and federal forest harvest and management take place in the forested fringe of the Umatilla
Basin to the south and east. Urbanized areas are located in river valleys.

Pre-settlement land use was tribal. The tribes' homeland once encompassed 6.4 million acres in
northeast Oregon and southeast Washington. As a result of the 1855 Treaty with the US Government
and subsequent federal legislation, the present day reservation of the CTUIR consists of 172,000 acres,
entirely within the Umatilla River Basin (Section 1.1.3).

Table 3 was used by the Umatilla TMDL Stakeholders Committee to guide the land management plan
workgroups in delineating responsibilities for the various land uses.

Table 3. Umatilla Basin Water Quality Management Plan Responsibilities

Agency or Authority Responsible for WQMP

| Land & Water Use s Implementation
Forestry
State/Private OR Dept. Forestry (FPA)
National Forest US Forest Service
Agriculture SWCD authorized by ODA
Transportation
Interstate OR Dept. Transportation
State roads OR Dept. Transportation
County roads County
City roads City
CTUIR roads CTUIR
Railroads Federal, others
Utility corridors County, others
Urban/Industrial (Including Non-Incorporated Development)
Cities Cities
Point Sources Points Sources (permits)
Non-incorporated (e.g., residential, golf
County
courses, resorts)
Reservation point and nonpoint sources CTUIR
Water quantity management OWRD,
Water rights/divert/dams US BOR, US ACE, Irrigation Districts
Upland/floodplain restore All land holders

Table 4 data is from Watersheds of the Umatilla Basin (Rickman, 1998) based on the 1971 USGS land
use map for the Umatilla Basin, reproduced in Figure 5. This serves as an approximate indication of land
use distribution.
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Table 4. General Land Use In Watersheds of the Umatilla River

Percent of Watershed Area in General Land Uses

Watershed Cropland/ Urban/
Name Forested Rangeland | Pasture Industrial
Forks 79 20 1 0

Meacham 76 22 0 1
McKay 37 44 16 1

Tributaries 18 44 36 1
Birch 22 42 35 1
Butter 7 72 20 1

Wildhorse 3 2 94 1

Tutuilla 0 17 78 4
Pendleton 0 11 57 32
Canyons 0 48 51 1
Stage 0 2 96 2
Irrigated 0 20 69 10

1.2.4 STREAM FLOW CHARACTERISTICS AND THE
UMATILLA BASIN PROJECT

Stream flow in the Basin is characterized by episodic hydrographs (graph of flow against time), with high
flow regularly occurring during rainstorms and melt conditions. Steep-sided canyons, relatively
impervious basalt bedrock, and diminished vegetation contribute to poor ground water recharge and rapid
runoff (CTUIR, 1996). Oregon Trail diaries indicate that during drought years (1852, 1853) the Umatilla
River was dry in parts of the lower Basin (Nagle, 1988). Flow was sufficient to support salmon fisheries
and the needs of developing towns along the lower mainstem. Summer steelhead, chinook and coho
salmon were abundant in the Umatilla River prior to the 1900's. The extreme flows were less pronounced
in the near pristine North Fork Umatilla Wilderness Area, apparently because of the lack of human
disturbance, higher elevation headwaters, developed soils, large woody debris and climax plant
communities (CTUIR, 1996).

Several irrigation projects were completed in the early part of the century, which provided water for some
12,000 acres of arid sandy soils in the west part of Umatilla County (USDA, 1988). Two major reservoirs
store water in the Basin, McKay Reservoir has a design capacity of 73,800 acre-feet and Cold Springs
Reservoir is 50,000 acre-feet. Currently six major Bureau of Reclamation project irrigation diversions are
located in the lower Basin. Irrigation acreage has expanded substantially since the early diversions.
These projects and other water usage and impediments rendered flow insufficient for fish passage, often
drying up the river completely in reaches below the town of Echo. Strategic releases from the Reservoirs
partly restore in-stream flow during times of irrigation diversion.

McKay Reservoir Note: As of May 1993, at reservoir elevation (feet) 1322.0, the
surface area was 1,283 acres, and the total capacity was 71,634 acre-feet. Since the
reservoir’s initial filling in December 1927, it is estimated that 1,909 acre-feet of sediment
have been trapped in McKay Reservoir, resulting in a 2.6 percent loss in reservoir
capacity. The average annual rate of sediment accumulation since 1927 is 29.1 acre-feet
(USBR communication, April 2000).

The Pacific Northwest Power Planning and Conservation Act (PL 96-051, 1980) mandated work to protect
and restore anadromous fish in the Columbia River System. Subsequent improvements in the Basin
began in 1983 with the development of fish rearing facilities and in-stream planting of juvenile fish by the
State of Oregon and the CTUIR. In 1986 a low flow fish passage channel was excavated by the Army
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Corps of Engineers below Three Mile Falls Diversion Dam ('Three Mile Dam' on Umatilla River, river mile
3). In 1986/1987 the Bureau of Reclamation constructed fish ladders and traps at Three Mile Dam.

In the 1980's the Bureau of Reclamation conducted studies leading to the Umatilla Basin Project Act of
1988, which authorized a phased implementation approach to flow restoration. Phase | and Il included
construction of facilities and operations to improve stream flows for anadromous fish primarily through
water exchange. Phase | of the project includes pumping of water from the Columbia River into the West
Extension Irrigation District system, to offset diversion of Umatilla River water. Its capacity is 140 cubic
feet per second. This improved flows below the diversion point at Three Mile Dam (USBR, 1998).

Phase Il similarly improves flow by Columbia River exchange. Phase Il pumping and conveyance
exchanges Umatilla River for Columbia River water for Stanfield and Hermiston Irrigation Districts. The
capacity of Phase Il is 240 cubic feet per second. The Stanfield Irrigation District historically diverted live
flow and McKay Reservoir releases, which are now retained in-stream as needed to meet stream target
flows for fish passage (USBR, 1998). Phase Il can offset diversion from the Umatilla River that would
have occurred at and downstream from the Stanfield Dam at river mile 32.

Phase | & Il meet some but not all of the in-stream flow needs for anadromous fish (USBR, 1999). A
Phase lll is being considered. The Phase Il feasibility study was initiated in 1997 to evaluate the further
potential for improving fish and salmon habitat through a water exchange with Westland Irrigation District
(USBR, 1999). The Westland Main Canal diverts up to 220 cubic feet per second from the Umatilla River
water at approximately river mile 28.

Umatilla River target flows, water availability and water rights guide the strategy for reservoir releases and
amounts diverted. Flow goals are adjusted annually and seasonally in consultation with Basin fish
managers. The river is emptied entirely at times, typically near the town of Stanfield, during the summer
when flow augmentation is not occurring from McKay Reservoir. During 1998, a relatively rainy year with
substantial winter snow pack, Basin-wide TMDL monitoring was implemented (last week of August). It
was noted that water was not present in Wildhorse Creek from river mile 18 to 25, Meacham Creek from
river mile 10 to 15, little Butter Creek entirely, and West Fork of Birch Creek near the mouth. Upper
Meacham Creek held standing water only.

To attain the flows in the lower Umatilla River that are supportive of water quality and habitat needs,
ODEQ advocates the use of the Umatilla temperature TMDL and further modeling as needed to assist
developing flow goals for a Phase Ill of the Umatilla Basin Project.
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1.2.5 POPULATION

Population data for the cities and towns in the Umatilla Basin are listed in Figure 6. A map showing
urban locations and point sources of pollution is displayed as Figure 7. Small rural residential areas with
populations of a few hundred or less are low in number and are not listed (e.g., Reith, Pine City,
Meacham). The Reservation Boundary is shown in Figure 8. The major population centers are located
along the Umatilla River mainstem. Other Basin communities, between 200 and 2,000 in population, are
located adjacent to Birch and Wildhorse Creeks.

Figure 6. Umatilla Basin Urban Population
(Oregon Blue Book, Office of the Oregon Secretary of State, 1999-2000 edition,
http://www.sos.state.or.us/BlueBook/1999 2000/)

16,915

18,000

15,000
12,000 -
9,000 -
6,000 -

Figure 7. Map of Umatilla Basin Towns and Cities
[Including Point Sources of Pollution with Facility NPDES Permits]

A Pilot Rock

@  Urban Boundary

¢ Point Source
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Figure 8. Map of the Umatilla Basin lllustrating Approximate Boundary of the CTUIR
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1.2.6 POINT SOURCES

There are five point sources in the Umatilla Basin that discharge directly to surface waters under
individual facility permits. The locations of these facilities are mapped in Figure 7. Current permit
requirements are summarized in Section 2.1.2.9.

Discharge to waters of the state is regulated through National Pollutant Elimination System Discharge
(NPDES) permits. Under the NPDES program, individual (facility specific) permits and general permits
are administered. General permits address
certain types of facilities categorically with
statewide standards. Both types of permits
are issued for a term of 5 years. Both general
and individual permits are reevaluated prior to
renewal. Once a TMDL for a Basin such as
the Umatilla is completed, effluent limitations
and conditions that meet TMDL goals will be
incorporated into all individual permits when
they are revised. This is scheduled for
completion in 2001 for individual permits and
2005 for general permits.

A Waste Load Allocation (WLA) is the amount
of pollutant that a point source can contribute
to the stream without violating water quality
standards. The point sources in the Umatilla Basin for which WLAs have been determined are the
municipal wastewater treatment plants.

For the purposes of this TMDL, stormwater is treated as a non-point source. Other than stormwater
permitted facilities (state-wide general permits), there is one facility with an assigned ODEQ General
NPDES permit that currently allows discharge to waters of the state in the Umatilla Basin - #109448/A
(Gen13) (oil water separator at truck washing facility). General Permit 13 has language designed to
prevent violation of water quality standards:

"Notwithstanding the effluent limitations established in this permit, no wastes shall be
discharged and no activities shall be conducted which will violate Water Quality
Standards as adopted in OAR Chapter 340 Division 41 except in the following defined
mixing zone..."

This facility will be further evaluated for its potential to degrade water quality, during the upcoming
Umatilla Basin permit review cycle of 2005. Note that the discharge is through a 1-inch diameter pipe
onto a gravel grade for 20 minutes approximately once each two weeks, and the point of discharge is
approximately 500 feet from nearest stream, which is intermittent. Site configuration and discharge
amounts are such that surface effluent is very unlikely to flow to Meacham Creek.
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1.3 TMDL PROCESS AND SCOPE

Section 303(d) of the Clean Water Act (CWA) requires that a list be developed of all impaired or
threatened waters within the State (often referred to as the "303(d) List"). The principal agency
responsible for monitoring the quality of Oregon’s streams, lakes, estuaries and groundwater is the
Department of Environmental Quality (DEQ). Accordingly, stream-monitoring information is collected by
ODEQ, as well as other agencies, and used to determine whether water quality standards are being met.
Water quality standards are based on the protection of beneficial uses of waterbodies. Beneficial uses
include fisheries, aquatic life, drinking water, recreation, irrigation and others (Table 5). Applicable State
and Federal law and regulation include the Federal Clean Water Act of 1972 and the associated
regulations in 40 Code of Federal Regulations 130 & 131, the Oregon Revised Statute (ORS Chapter
468) and the Oregon Administrative Rules (OAR Chapter 340, Division 41).

The Umatilla Basin §303(d) listings are described in Section 1.3.4.

TMDL and WQMP. The State must establish a Total Maximum Daily Load (TMDL) for any waterbody
designated as water quality limited (with a few exceptions, such as in cases where exceedance is due to
natural causes). The term water quality limited is applied to streams and lakes where State water quality
standards are not met, as reflected in the State's §303(d) list. A TMDL defines the maximum amount of
pollutant that can be present in a waterbody without causing departure from water quality standards. An
essential part of TMDL documentation is a discharge permit and/or a water quality management plan
(WQMP) designed to implement TMDLs. The WQMP serves Oregon's continuous planning process to
implement TMDLs [CWA, 303(e)].

The total allowable pollutant load can be allocated to point, non-point, background, and future sources of
pollution. Wasteload Allocations are portions of the total allowable pollutant load that are allocated to
point sources of pollution, such as wastewater treatment plants or industries. They are used to establish
effluent limits in discharge permits. Load allocations are portions of the total allowable pollutant load that
are allocated to non-point sources, such as agriculture or forestry activities, and natural background
sources. Allocations can also be set aside in reserve for future uses. Simply stated, allocations are
quantified measures that assure water quality standard compliance. The TMDL is the integration of all
developed allocations.

Some TMDLs are expressed as surrogates. An example would be percent effective shade targets design
to fulfill needed reduction in daily solar energy loading. The surrogate and the daily load of pollutant both
serve as TMDL allocations in the Umatilla Basin TMDL. The surrogate is provided as a translation of the
"daily load" for increased understanding and to provide clear management outcomes.

The essential elements of TMDLs stem from the Clean Water Act and are identified in a Memorandum of
Agreement (MOA) between the US EPA and the ODEQ, as follows:

A description of the geographic area to which the TMDL applies;

Specification of the applicable water quality standards;

An assessment of the problem including the extent of deviation from water quality standards;
Development of a loading capacity including those based on surrogate measures and,
including flow assumptions used in developing the TMDL;

Identification of point and non-point sources;

Development of Waste Load Allocations for point sources and Load Allocations for non-point
sources;

7. Development of a margin of safety;

8. Evaluation of seasonal variations.

Ponp=

oo
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For clarity, the section headings of Section 2.1.1 are annotated with references to the Clean Water Act
and Oregon Administrative Rules. The MOA lays out a committee and agency process for developing the
TMDL in which ODEQ ultimately takes the lead in the determination of components such as loading
capacity and margin of safety. The Umatilla Basin falls into the category of "combination TMDL" in that
both point and non-point sources are contributing sources.

Geographic Area. The area covered by the Umatilla Basin TMDL corresponds to the fourth field (sub-
basin classification) hydrologic unit code (HUC) 17070103, which includes all lands that drain to the
Umatilla River. The Umatilla Basin in northeastern Oregon drains approximately 2,290 square miles
(above the USGS gage in Umatilla).

The Umatilla Basin TMDL and WQMP are applicable throughout the Umatilla Basin, including all land and
water that ultimately drains into the Umatilla River, except in those areas within the exterior boundaries of
the Confederated Tribes of the Umatilla Indian Reservation (Figure 8) as stated in Section 1.1.3. The
boundary of the Basin is illustrated in Figures 3, 4, 5, etc. Various figures and computations throughout
this document do not attempt to delineate the Reservation Boundary. This should not be interpreted as
an application of State load allocations within the Reservation Boundary. Any load allocation identified in
this document that overlaps the Reservation Boundary is only applicable outside of the Reservation,
unless Tribal authority indicates otherwise.

This document establishes TMDL allocations and other goals for streams within the Umatilla Basin that
are not currently on the Oregon 1998 303(d) list. This is consistent with State and Federal TMDL
implementation law and policy. Un-listed streams are addressed where upstream improvements are
needed to sufficiently decrease downstream water quality impairment or where impairment leading to
water quality standards violations are found. Various causes of excess heat and fine sediment are
observed throughout the Basin (unstable streambanks, channelization, contriction, bank and upland
vegetation disturbance, rill and gully erosion).

Umatilla Basin Land Use Workgroups. Four workgroups were appointed through ODEQ and with
additional sponsorship from the Umatilla Basin Watershed Council and the Confederated Tribes of the
Umatilla Indian Reservation (CTUIR). These workgroups identified water quality management practices in
key land use sectors (forestry, urban/industrial and transportation). A related group prepared an
agricultural plan through Oregon's SB1010 process. A group was appointed to address water quantity.
These groups prepared the core sections of the Umatilla Basin WQMP - Sections 3.3 and 3.4. The
committee process is described in Section 1.1.

1.3.1 BENEFICIAL USES

The beneficial uses of the Umatilla Basin waters are multi-fold. For the purposes of maintaining and
protecting water quality, beneficial uses have been designated in the Oregon Administrative Rules.
These uses are listed in Table 5.

Table 5.  Umatilla Basin Designated Beneficial Uses (OAR 340-41, Table 11)

Public Domestic Water Supply Anadromous Fish Passage

Private Domestic Water Supply Salmonid Fish Rearing

Industrial Water Supply Salmonid Fish Spawning

Irrigation Resident Fish & Aquatic Life

Livestock Watering Wildlife and Hunting

Boating Fishing

Aesthetic Quality Water Contact Recreation
Hydropower

Beneficial uses and the associated water quality standards are generally applicable Basin-wide. Some
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uses require further delineation. At a minimum, uses are considered attainable wherever feasible or
wherever attained historically. In applying standards and restoration, it is important to know where
existing salmonid spawning locations are and where they are potentially attainable. The TMDL process
addresses existing beneficial uses as defined in 40 CFR 131.3: "those uses actually attained in the water
body on or after November 28, 1975..." Salmonid spawning and the quality of the spawning grounds are
particularly sensitive to water quality and streambed conditions. Figure 9 identifies the locations and
seasons in which salmonids are known to spawn, and where there is potential to expand the areas of
spawning habitat. The other most sensitive beneficial uses, drinking water and contact recreation, are
applicable throughout the Basin.

Figure 9. Area and Timing of Salmonid Spawning and Residence

Figure 9a. Salmonid Spawning Areas and Seasons Based on Known Occurrence.

[The August 1 - June 30 spawning period was extended downstream to Mission Creek
approximately 15 miles from actual to account for potential expansion by Spring Chinook
(prepared by Umatilla Sub-Basin fisheries managers - ODFW, CTUIR and USFS). The
salmonid spawning numeric criteria of the temperature standard applies in these locations of
existing and potential beneficial use. Note: colors in this figure are based primarily on species
as follows: green for spring chinook, blue for fall chinook/coho, red for redband trout].

UMATILLA SUB-BASIN Ssalmonid Spawning

Seasonal Application
=——— Nov 1- Apr 30
Aug 1 - Jun 30
——Feb 15 - Jun 30
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Figure 9b. Observed and planned locations of bull trout residence in the Umatilla Basin are
shown in red. [prepared by the Basin fish managers (ODFW, CTUIR, USFS). This figure
represents assessment of known locations where bull trout have been observed in residence
(primarily the North Forks of the Umatilla River and Meacham Creek) and areas that could link
metapopulations or expand viable habitat to increase resiliency. Note: the Umatilla River
mainstem is a bull trout migratory corridor. The bull trout numeric criteria of the temperature
standard applies in these locations of existing and potential beneficial use.]

Hermiston

Observed and planned locations
of bull trout residence

Salmonids are cold water fish and are very sensitive to heat and low dissolved oxygen levels. Umatilla
Basin salmonids are generally anadromous (ocean going) with the exception of the redband trout that
spawn in much of the upper Basin. The anadromous fish that occurred historically and exist currently in
the Basin are bull trout, coho, steelhead and spring and fall chinook. Steelhead, coho and chinook were
extirpated due to passage and flow impediments from irrigation projects, beginning in the early 1900's.
Following an absence of approximately 75 years, re-introduction, flow augmentation and re-engineering
of diversion structures have resulted in incipient restoration of these species. Figure 10 is a graph of the
number of salmonids returning to the Basin through the Three Mile Dam fish ladder since just prior to re-
introduction (CTUIR data).

Warm water fish and eels, frogs and many other aquatic organisms are also present in the Umatilla Basin.
Catfish, lamprey, squawfish, suckers, sunfish, bluegill, small- and large-mouth bass and crappie reside in
the Basin (Oregon State Game Commission, 1973).
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Figure 10. Salmonid returns to the Umatilla Basin at Three Mile Dam
(The data are actual counts of fish that returned to the Umatilla Basin, after having hatched in the Basin
and traveled to the Pacific Ocean. All fish passing Three Mile Dam are counted.)
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1.3.2 WATER QUALITY STANDARDS

Water quality standards are based on beneficial uses of waters of the state. Uses are evaluated
collectively for each type of potential water quality indicator or impairment. The most sensitive use is
selected and the water quality standard is developed for this use, thus protecting it and all the others. For
instance, elevated bacteria concentrations typically don't affect boating or hydropower, but can cause
illness in swimmers. Hence bacteria toxicity to humans through contact recreation is evaluated for
needed level of protection and the water quality standard is established accordingly.

Table 6 identifies the beneficial uses that the standards of concern are based on. Note that human
toxicity related to drinking water is of concern for nitrate and not for bacteria. This is because drinking
water is treated as needed for bacteria, but generally the much more difficult treatment needed to remove
nitrate is not nearly as feasible.

Water quality standards for temperature, sediment, bacteria, pH & algae, nitrate and ammonia, are
discussed in the sections of Chapter Two that address goals for those variables. Relevant Oregon water
quality standards are included here as Appendix A-7.

Table 6. Linkage Between Water Quality Standards and Beneficial Uses

(for Various Water Quality Concerns Identified in the Umatilla Basin)
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1.3.3 BENEFICIAL USE IMPAIRMENT

Streams of the Umatilla Basin have been artificially straightened and re-located beginning prior to the
1900's. Approximately 70 percent of the Umatilla River has been levied or channeled in some fashion
(observation, aerial photography, CTUIR survey). Extensive vegetation removal and disturbance along
the streams and in the uplands has occurred and still occurs. This is associated with urban development,
cultivation, forestry, transportation corridors, flood control and navigation. Habitat surveys conducted
through ODFW, CTUIR, and the Umatilla National Forest indicate excessive streambank erosion, and low
quality of habitat such as: infrequent woody debris, few pools, absence of overhanging banks and high
concentrations of silt and sand on streambeds (e.g., CTUIR, 1996; Crabtree, 1996). Beavers were
virtually eradicated by the early 1900's. One of the most sensitive aquatic species, Bull Trout, has been
relegated to spawning only in the North Fork of the Umatilla and the North Fork of Meacham Creek. Bull
Trout is a threatened species under the Endangered Species Act. Recent surveys for Bull Trout in the
North Fork of Meacham Creek have not revealed the presence of Bull Trout. Summer Steelhead are also
listed as threatened.

Water quality monitoring results will be discussed in the sections of this document specific to each type of
impairment: temperature, sediment, nutrients, etc. Primary concerns are elevated temperature, turbidity
and sedimentation throughout the Basin. Toxic (human drinking) levels of nitrate occur in the Wildhorse
Creek watershed. Toxic (fish) levels of ammonia have been found in the lower Umatilla River in the
Hermiston area. Bacteria concentrations in the Umatilla River near Echo exceed water quality standards.
The mid-Basin Umatilla River exceeds the pH water quality standard. Note that habitat modification and
sedimentation, though identified as concerns primarily in the mid- and upper-Basin where habitat surveys
were conducted on a priority basis, are probable adverse conditions Basin-wide. Further discussion of
impairment or indications of impairment follow in Section 1.3.4 discussing the Clean Water Act Section
303(d) list.

What were the conditions like before settlement or prior to any human impact? Little is known. Land
uses more than one hundred years ago are now known to have adverse effects, some dramatic. These
practices included splash dams, eradication of beaver, stream re-location, over-grazing, etc. One of the
early known accounting of temperature is as follows:

"The Umatilla River was examined August 23 near its mouth, and on August 12 [in the
year 1892] near Pendleton, Oregon. At Pendleton it had an average width of 25 feet,
depth of 14 inches, and a velocity of 1 foot. Temperature at 11:00 a. m. [was] 70°F. The
bottom was of coarse gravel covered with algae, and the water was clear."

- Bulletin of the United States Fish Commission, 1894
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1.3.4 303(d) LISTINGS

As discussed above, Section 303(d) of the Clean Water Act (1972) requires that states develop a list of
water quality-limited water bodies. The 303(d) list is updated in approximately 2-year intervals. The most
recent edition of the list was compiled in 1998.

The 1998 303(d) Umatilla Basin listings are summarized below (for more information refer to the ODEQ
website containing Oregon's 303(d) list at http://waterquality.deq.state.or.us/wg/). In the following text,
values other than State water quality standards are referenced. This is because some standards are
narrative rather than numeric, necessitating additional numeric targets to fulfill or evaluate attainment of
water quality standards.

Temperature: Entire Umatilla River mainstem and tributaries in the mid- and upper-Basin (this listing is
based on exceedance of the numeric temperature criteria of the Oregon water quality standard)

pH: Umatilla River from Speare Canyon to North & South Forks confluence and lower McKay and
Butter Creeks (this listing is based on exceedance of numeric pH criteria of the Oregon water quality
standard)

Aquatic Weeds and Algae: Follows pH listing on Umatilla River from Spear Canyon to North & South
Forks confluence (this listing is related to pH)

Sedimentation: 17 stream segments including the Umatilla River from Pendleton to the N-S Forks
confluence (this listing is based on ODFW benchmarks for streambed particle distribution)

Turbidity: Umatilla River from mouth to the town of Mission (Wildhorse and other tributaries cause
turbidity to increase in the Umatilla River by more than 10 percent. The Oregon water quality standard
is 10 percent maximum increase over background)

Habitat: 21 stream segments including the Umatilla River from Pendleton to the N-S Forks confluence
(this listing is based on low pool frequency and minimal large woody debris occurrence, relative to
ODFW benchmarks)

Ammonia (Toxics): North Hermiston Drain and the Umatilla River lower 5 miles (this listing is based on
exceedance of the EPA Goldbook criteria 0.1 mg/Il, EPA, 1986)

Nitrate (Toxics): Wildhorse Creek, Spring Hollow Creek (Wildhorse tributary) (this listing is based on the
toxicity criteria of 10 mg/l an Oregon water quality standard)

Bacteria: Umatilla River from mouth to Speare Canyon, McKay Creek below reservoir (this listing is
based on numeric toxicity criteria of the Oregon water quality standard)

Flow Maodification: Umatilla River below Pendleton (this listing is based on in-stream water rights not
being met)
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1.3.5 ADDRESSING ALL 303(d) LISTED CONCERNS

The intent of this document is to address each of the 10 categories of impairments for which Basin
streams are listed, wherever they occur. It is important to be aware that improvement is required
upstream from listed reaches as well as within the reach, in order for a listed segment to achieve water
quality goals. For instance, high main-stem water temperatures can not generally be lessened sufficiently
without reductions in tributary stream temperatures. The method for addressing each listing is outlined
below. All Umatilla Basin 1998 303(d) listings are addressed in this document.

e Temperature - TMDL allocations are established in this document.

e pH - Water quality modeling indicates that temperature and light are the controlling variables for excess
aquatic plant growth. Photosynthesis from aquatic weeds and algae result in mid-day pH increases.
Modeling demonstrates that the temperature and light reduction achieved through implementation of
the temperature TMDL allocations will result in pH standard attainment. No additional allocations are
established.

e Aquatic Weeds or Algae - Aquatic plant life is accounted for in the temperature reduction achieved
through temperature TMDL allocation implementation. No additional allocations are established.

o Turbidity - Turbidity has been related to suspended solids. TMDL allocations have been established in
this document for suspended solids reduction from uplands and streambanks. This is referred to herein
as the "sediment TMDL."

o Sedimentation - Measures or targets to improve streambed particle size distributions are not allocated
as TMDLs . Sediment TMDL allocations based on turbidity are established in this document. The
associated erosion reduction is generally expected to reduce deposition of substrate fines as well.
Management goals are established to evaluate progress in reducing substrate fines (Section 2.2).

o Habitat - As with sedimentation, management goals established in the document serve as measures of

progress (Section 2.2).

Ammonia - a TMDL wasteload allocation is established in this document.

Nitrate - TMDL allocations are established in this document.

Bacteria - TMDL allocations are established in this document.

Flow Maodification - A water quantity management plan is included in this document.

In summary, TMDL allocations for point and non-point sources will be established for temperature,

sediment (turbidity), nitrate, ammonia and bacteria. Reference management goals are included for
habitat, streambed sediment and percent eroding streambanks. A management plan is included to
address flow. Aquatic weeds, algae, and pH are addressed through temperature reduction.
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1.3.6 IMPLEMENTATION AND ADAPTIVE MANAGEMENT
ISSUES

The following text describes ODEQ's TMDL implementation policy.

a) The goal of the Clean Water Act and associated Oregon Administrative Rules is that water quality
standards shall be met or that all feasible steps will be taken towards achieving the highest quality
water attainable. This is a long-term goal in many watersheds, particularly where nonpoint sources
are the main concern. To achieve this goal, implementation must commence as soon as possible.

b) Total Maximum Daily Loads (TMDLs) are numerical loadings that are set to limit pollutant levels such
that in-stream water quality standards are met. ODEQ recognizes that TMDLs are values calculated
from mathematical models and other analytical techniques designed to simulate and/or predict very
complex physical, chemical and biological processes. Models and techniques are simplifications of
these complex processes and, as such, are unlikely to produce an exact prediction of how streams
and other waterbodies will respond to the application of various management measures. It is for this
reason that TMDLs are established with a margin of safety.

c) Water Quality Management Plans (WQMPSs) are plans designed to reduce pollutant loads from
nonpoint sources to meet TMDLs. ODEQ recognizes that it may take some period of time—from
several years to several decades-- after full implementation before management practices identified
in a WQMP become fully effective in reducing and controlling non point source pollution. In addition,
ODEAQ recognizes that technology for controlling nonpoint source pollution is, in many cases, in the
developmental stages. It will likely take one or more iterations to develop the most effective
techniques. It is possible that after application of all reasonable best management practices, some
TMDLs or their associated surrogates cannot be achieved as originally established.

d) DEQ also recognizes that, despite the best and most sincere of efforts, natural events beyond the
control of humans may interfere with or delay attainment of the TMDL and/or its associated
surrogates. Such events could be, but are not limited to, floods, fire, insect infestations, and drought.
That said, it is important to recognize that a more naturally functioning stream system is relatively
resilient to natural disturbance.

The purpose of the TMDLs and associated surrogates is not to bar or eliminate human access or activity
in the basin or its riparian areas. It is the expectation, however, that WQMPs will address how human
activities will be managed to achieve these allocations. It is also recognized that full attainment of TMDL
allocations (site potential vegetation, for example) at all locations may not be feasible due to physical,
legal or other regulatory constraints. To the extent possible, WQMPs should identify potential constraints,
but should also provide the ability to mitigate those constraints should the opportunity arise. For instance,
at this time, the existing location of a road or highway may preclude attainment of vegetation potential due
to safety considerations. In the future, however, should the road be expanded or upgraded, consideration
should be given to designs that support TMDL load allocations and pollutant surrogates such as 'site
potential vegetation.'

e) If a non-point source that is covered by this TMDL complies with its WQMP or applicable forest
practice rules, it will be considered in compliance with the TMDL.

f) DEQ intends to regularly review progress of WQMPs to achieve TMDLs. If and when ODEQ
determines that WQMP have been fully implemented, that all feasible management practices have
reached maximum expected effectiveness and a TMDL or its interim targets have not been achieved,
ODEQ shall reopen the TMDL and adjust it or its interim targets and its associated water quality
standard(s) as necessary.
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9)

h)

The implementation of TMDLs and the associated management plans is generally enforceable by the
Department, other state agencies and local government. However, it is envisioned that sufficient
initiative exists to achieve water quality goals with minimal enforcement. Should the need for
additional effort emerge, it is expected that the responsible agency will work with land managers to
overcome impediments to progress through education, technical support or enforcement.
Enforcement may be necessary in instances of insufficient action towards progress. This could occur
first through direct intervention from land management agencies (e.g. ODF, ODA, counties and
cities), and secondarily through ODEQ. The latter may be based in departmental orders to implement
management goals leading to water quality standards.

A zero load allocation for non-point sources (i.e. achieving system potential vegetation) does not
necessarily mean that a point source is prohibited from discharging any wastes to the stream in
question. A source may be permitted by the Department under certain circumstances to discharge if
the permit holder can adequately demonstrate that the discharge will not cause a measurable
decrease in water quality over that achieved by a zero load allocation and immediately upstream of
the point of discharge. For instance, a permit applicant may be able to demonstrate that a proposed
thermal discharge would not have a measurable increase on projected stream temperatures when
site temperature is achieved. Or, in the case where a TMDL is set based upon attainment of a
specific pollutant concentration, a source could be permitted to discharge at that concentration.

In employing an adaptive management approach to this TMDL and WQMP, ODEQ has the following
expectations and intentions:

1. Subject to available resources, on a five-year basis, the Department intends to review the
progress of the TMDL and the WQMP.

2. In conducting this review, the Department will evaluate the progress towards achieving the TMDL
(and water quality standards) and the success of implementing the WQMP.

3. The Department expects that each management agency will also monitor and document its
progress in implementing the provisions of its component of the WQMP. This information will be
provided to ODEQ for reviewing the TMDL.

4. As implementation of the WQMP proceeds, ODEQ expects that management agencies will
develop benchmarks for attainment of TMDL surrogates which can then be used to measure
progress.

5. Where implementation of the WQMP or effectiveness of management techniques are found to be
inadequate, ODEQ expects management agencies to revise the components of the WQMP to
address these deficiencies.

6. When ODEQ, in consultation with the management agencies, concludes that all feasible steps
have been taken to meet the TMDL and its associated surrogates and attainment of water quality
standards, the TMDL, or the associated surrogates is not practicable, it will reopen the TMDL and
revise it as appropriate. ODEQ would also consider reopening the TMDL should new information
become available indicating that the TMDL or its associated surrogates should be modified.
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Figure 11 illustrates the adaptive management process, referred to in 'i' above.

Figure 11. Adaptive Management lllustration
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2.1 LoAD AND WASTE LOAD ALLOCATIONS

What is a Total Maximum Daily Load?

The water quality of Oregon’s streams, lakes, estuaries and groundwater is monitored by the Oregon
Department of Environmental Quality (DEQ) and other agencies. This information is used to determine
whether water quality standards are being met and, consequently, whether the beneficial uses of the
waters are impaired. Beneficial uses include fisheries, aquatic life, drinking water, recreation and
irrigation and others. State and Federal law and regulation require evaluation and improvement of water
quality. These include the Federal Clean Water Act of 1972 and the associated regulations in 40 Code of
Federal Regulations 130 & 131, the Oregon Revised Statute (ORS Chapter 468) and the Oregon
Administrative Rules (OAR Chapter 340).

The term water quality limited is applied to streams and lakes where required treatment processes are
being applied, but State water quality standards are not met. With few exceptions, such as in cases
where violations are due to natural causes, the State must establish a Total Maximum Daily Load or
TMDL for any waterbody designated as water quality limited. A TMDL is the total amount of a pollutant
(from all sources) that can be present in a specific waterbody and still meet water quality standards.

The TMDL is allocated to point, non-point, background and/or future sources of pollution. Wasteload
Allocations are portions of the TMDL that are allotted to point sources of pollution, such as sewage
treatment plants that pipe wastewater to streams. The Wasteload Allocations are used to establish
effluent limits in discharge permits. Load Allocations are portions of the TMDL that are attributed to non-
point sources - landscape derived pollution such as field runoff or solar heat resulting from vegetative-
shade removal. Non-point sources are typically natural "background" or sources such as urban,
agriculture or forestry activities. Allocations can also be set aside in reserve for future uses. Simply
stated, TMDL allocations are quantified measures designed to achieve water quality standard
compliance, accounting for point and non-point sources.

Information relevant to this chapter is provided in Chapter One: Basin
physiography, demographics, point sources & hydrology background;
beneficial uses discussion, water quality concerns, and the strategy for
addressing all 303(d) listings.

A summary of TMDL allocations is provided in the Chapter One document
summary and geographic area, point of compliance and allocation
responsibility are specified (Table 2).
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2.1.1 TEMPERATURE TMDL

Pollutant Identification:

Human caused increases in solar radiation loading, and warm water discharge to surface waters.

Water temperature change is an expression of heat energy exchange per unit volume:

ATemperature oc (AHeat Energy) + Volume

Anthropogenic increase in heat energy is derived from solar radiation as increased levels of sunlight
reach the stream surface and raise water temperature. The pollutants targeted in this TMDL are (1)
human caused increases in solar radiation loading to the stream network and (2) warm water discharges
of human origin.

Summary of TMDL Development and Approach
Applying Oregon’s Temperature Standard

The reduction in thermal loading needed to meet the water quality standard (Section 2.1.1.1.3) is
evaluated using a variety of data (ground level, GIS and remote sensing) and analytical modeling.
Attainment of the temperature standard relies on the simulating the thermal effects of “system
potential” riparian, channel morphology and hydrologic conditions that reduce thermal patterns to
those that minimize human caused increases in stream temperatures. In areas where the numeric
criteria are being exceeded, the department considers attainment of system potential conditions to
serve as compliance with the temperature standard. This is obtained through
restoration/protection of riparian vegetation, channel morphology, and hydrologic processes.

Development of System Potential Conditions

System potential conditions are comprised of riparian, channel morphology and hydrology
parameters. The Umatilla TMDL Technical Committee assessed potential vegetation with field
measurements and literature regarding existing vegetation. Channel morphology was assessed
with Rosgen level Il stream classifications and application of hydrologic principles. Flows were
evaluated with flow measurements and gage data. A current condition flow profile was derived,
from which “natural river flows” and “maximum potential flows” were estimated. ODEQ calculated
the thermal effects associated with achieving both riparian, channel morphology and hydrologic
system potential conditions. Other factors, such as groundwater/stream interactions and
floodplain/stream connection, are more difficult to quantitatively assess are indirectly addressed
through the riparian, channel morphology and hydrology TMDL targets.

Temperature TMDL Overview

Stream temperature pollutants are identified as human-caused increases in solar radiation and
warm water discharge. The resultant TMDL loading capacities are expressed as pollutant loading
limits for both non-point and point sources of pollution. Allocations of the pollutant load are
provided to all sources of pollution in the Umatilla Sub-Basin. Surrogate measures are also
provided to non-point sources of pollution to help translate the loading capacity and to provide a
clear list of site specific targets for management and implementation considerations.
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2.1.1.1 TARGET IDENTIFICATION — CWA §303(d)(1)

2.1.1.1.1 Temperature Related to Aquatic Life

Salmonids are sensitive to warm temperatures. Temperatures greater than 70°F are considered incipient
lethal (salmonid mortality occurs rapidly — hours to days). Temperatures between 64°F and 74°F are sub-
lethal (salmonid mortality occurs more slowly and indirectly — weeks to months)

Salmonids, often referred to as cold water fish, and some amphibians appear to be highly sensitive to
temperature. In particular, Chinook salmon (Oncorhynchus tshawytscha) and bull trout (Salvelinus
confluentus) are among the most temperature sensitive of the cold water fish species. Oregon’s water
temperature standard employs logic that relies on using these indicator species, which are the most
sensitive. If temperatures are protective of these indicator species, other species are protected as well.

If stream temperatures become too hot, fish die almost instantaneously due to denaturing of critical
enzyme systems in their bodies (Hogan, 1970). The ultimate instantaneous lethal limit occurs in high
temperature ranges (upper-90°F). Such warm temperature extremes are rare in the Umatilla Basin.

More common and widespread observed within the Umatilla Basin, however, is the occurrence of
temperatures in the mid- to high- 70°F range (mid- to high-20°C range). These temperatures cause death
of cold-water fish species during exposure times lasting a few hours to a day. The exact temperature at
which a cold water fish succumbs to such a thermal stress depends on the temperature that the fish is
acclimated and on particular development life-stages. This cause of mortality, termed the incipient lethal
limit, results from breakdown of physiological regulation of vital processes such as respiration and
circulation (Heath and Hughes, 1973).

The most common and widespread cause of thermally induced fish mortality is attributed to interactive
effects of decreased or lack of metabolic energy for feeding, growth or reproductive behavior, increased
exposure to pathogens (viruses, bacteria and fungus), decreased food supply (impaired
macroinvertebrate populations) and increased competition from warm water tolerant species. This mode
of thermally induced mortality, termed indirect or sub-lethal, is more delayed and occurs weeks to months
after the onset of elevated temperatures (mid-60°F to low-70°F). Table 7 summarizes the modes of cold
water fish mortality.

Table 7.  Modes of Thermally Induced Cold Water Fish Mortality

(Brett, 1952; Bell, 1986, Hokanson et al., 1977)

Modes of Thermally Induced Fish Mortality Temperature Range Time to Death
Instantaneous Lethal Limit — Denaturing of bodily enzyme > 90°F
0 Instantaneous
systems >32°C

Incipient Lethal Limit — Breakdown of physiological
regulation of vital bodily processes, namely: respiration and
circulation

70°F to 77°F

Sub-Lethal Limit — Conditions that cause decreased or lack
of metabolic energy for feeding, growth or reproductive
behavior, encourage increased exposure to pathogens,
decreased food supply and increased competition from
warm water tolerant species

64°F to 74°F
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2.1.1.1.2 Sensitive Beneficial Use Identification

Temperature sensitive beneficial uses are anadromous fish passage, salmonid fish spawning (see Figure
9 for seasonal spawning areas and periods), salmonid fish rearing and resident fish and aquatic life.

Oregon Administration Rules (OAR Chapter 340, Division 41, Table 11) lists the designated beneficial
uses for which water is to be protected in the Umatilla Basin. Designated beneficial uses are presented in
Tables 5 & 8 (Table 8 is a copy of Table 5 with temperature-sensitive beneficial uses marked in gray
shading). Numeric and narrative water quality standards are designed to protect the most sensitive
beneficial uses. In the Umatilla Basin, resident fish and aquatic life, salmonid spawning, rearing and
migration (i.e., anadromous fish passage) are the most sensitive beneficial uses, with regard to
temperature.

Table 8.  Designated Beneficial Uses Occurring in the Umatilla Basin (OAR 340-41-642)

Temperature-sensitive beneficial uses are marked in gray

Beneficial Use Occurring  Beneficial Use | Occurring

Public Domestic Water Supply v Anadromous Fish Passage v
Private Domestic Water Supply v Salmonid Fish Spawning v
Industrial Water Supply v Salmonid Fish Rearing v
Irrigation v Resident Fish and Aquatic Life v
Livestock Watering v Wildlife and Hunting v
Boating v Fishing v
Aesthetic Quality v Water Contact Recreation v
Commercial Navigation & Trans. Hydro Power v
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2.1.1.1.3 Water Quality Standard Identification

The temperature standard applicable in the Umatilla River Basin specifies that "no measurable surface

water temperature increase resulting from anthropogenic (human induced) activities is allowed"”

unless specifically allowed under a ODEQ-approved management plan, when trigger temperatures are
exceeded (see temperature standard below - i through viii).

A seven-day moving average of daily maximums (7-day statistic) was adopted as the statistical measure
of the stream temperature standard. Absolute numeric criteria are deemed action levels and indicators of
water quality standard compliance. Unless specifically allowed under a ODEQ-approved surface water
temperature management plan as required under (OAR 340-041-0026(3)(a)(D)), no measurable surface
water temperature increase resulting from anthropogenic activities is allowed in State of Oregon Waters
determined out of compliance with the temperature standard. The numeric criteria adopted in Oregon’s
water temperature is presented in Table 9. Figure 9 contains maps of the areas of applicability of the
'salmonid spawning, egg incubation and fry emergence' and bull trout numeric criteria. The salmonid
rearing criteria applies in all other Umatilla Basin streams and lakes. A much more extensive analysis of
water temperature related to aquatic life and supporting documentation for the temperature standard can
be found in the 1992-1994 Water Quality Standards Review Final Issue Papers (DEQ, 1995).

It is important to understand the State of Oregon’s temperature standard and that there is more to it than
just a 64°F criterion. Specifics for the Umatilla Basin temperature standard can be found in OAR 340-
041-645(2)(b)(A).

Umatilla Basin Temperature Standard - OAR 340-041-645(2)(b)(A)

To accomplish the goals identified in OAR 340-041-120(11), unless specifically allowed under a ODEQ-
approved surface water temperature management plan as required under OAR 340-041-026(3)(a)(D), no
measurable surface water temperature increase resulting from anthropogenic activities is allowed:

0] In a basin for which salmonid fish rearing is a designated beneficial use, and in which surface water
temperatures exceed 64.0°F (17.8°C);

(i) Inthe Columbia River or its associated sloughs and channels from the mouth to river mile 309
when surface waters exceed 68.0°F (20.0°C);

(i)  In waters and periods of the year determined by ODEQ to support native salmonid spawning, egg
incubation, and fry emergence from the egg and from the gravels in a basin which exceeds 55.0°F
(12.8°C);

(iv) Inwaters determined by ODEQ to support or to be necessary to maintain the viability of native
Oregon bull trout, when surface water temperatures exceed 50.0°F (10.0°C);

(v)  In waters determined by ODEQ to be ecologically significant cold-water refugia;

(vi) In stream segments containing federally listed Threatened and Endangered species if the increase
would impair the biological integrity of the Threatened and Endangered population;

(vii) In Oregon waters when the dissolved oxygen (DO) levels are within 0.5 mg/l or 10 percent
saturation of the water column or intergravel DO criterion for a given stream reach or Basin; and

(viii) In natural lakes.
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2.1.1.2 DEVIATION FROM WATER QUALITY STANDARD

Many reaches of the Umatilla River and tributaries are designated as temperature limited on Oregon’s
1998 303(d) list. In total, 287 stream miles are temperature limited (triggers for the standard (see
temperature standard - i through viii) are exceeded and/or occur).

Monitoring has shown that water temperatures in the Umatilla Basin often exceed numeric criteria of the
State water quality standard. There are approximately 287 miles of stream segments within the Umatilla
Basin on the 1998 §303(d) list for exceeding numeric temperature criteria (refer to Table 9 and Figure
12). During the summer of 1998, temperature monitoring instruments recorded hourly stream
temperatures at various locations throughout the Umatilla River Basin. Figure 13 displays the locations
and corresponding 7-day temperature statistic ranges. The only stream segments that had a 7-day
maximum below 64°F were located in the upper portion of the Basin (For further discussion regarding
current condition stream temperatures, refer to Appendix A-4).

Figure 12. Segments on the 1998 §303(d) List for Temperature
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Figure 13. Continuous Temperature Monitoring Sites and 7-Day Statistic Ranges
(greatest 7-day running average of daily maxima,1998 season)
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Table 9.

Supporting Data:
Stream

Birch Creek

Segment
Mouth to Headwaters

A Less than 64*F
[ ea-71*F
@ -F

* Greater than 78*F

1998 §303(d) Temperature-Listed Segments and Applicable Numeric Criterion

OAR 340-41-645(2)(b)(A)
Refer to the §303(d) list as document of record

Criterion
Rearing 64°F (17.8°C)

Buckaroo Creek

Mouth to Headwaters

East Birch Creek

Mouth to Pearson Creek

F
Rearing 64°F (17.8°C)
Rearing 64°F (17.8°C)

EF Meacham Creek

Mouth to Headwaters

McKay Creek

Mouth to McKay Reservoir

Rearing 64°F (17.8°C)

Meacham Creek

Mouth to Headwaters

Rearing 64°F (17.8°C)

North Fork McKay Creek

Mouth to Headwaters

(

E
Rearing 64°F (17.8°C)

(

(

(

Rearing 64°F (17.8°C)

NF Meacham Creek

Mouth to Headwaters

Oregon Bull Trout 50°F (10°C)

North Fork Umatilla

Mouth to Headwaters

Oregon Bull Trout 50°F (10°C)

Shimmiehorn Creek

Mouth to Headwaters

Oregon Bull Trout 50°F (10°C)

South Fork Umatilla

Mouth to Headwaters

Oregon Bull Trout 50°F (10°C)

Squaw Creek

Mouth to Headwaters

Rearing 64°F (17.8°C)

Umatilla River

Mouth to Lick Creek

Rearing 64°F (17.8°C)

West Birch Creek

Mouth to Headwaters

Westgate Canyon

Mouth to Headwaters

Rearing 64°F (17.8°C)

Wildhorse Creek

Mouth to Headwaters

(

(
Rearing 64°F (17.8°C)

(

(

Rearing 64°F (17.8°C)
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2.1.1.3 EXISTING SOURCES - CWA §303(d)(1)

2.1.1.3.1 Non-point Sources of Pollution

Elevated summertime stream temperatures attributed to non-point sources in the Umatilla River Basin
result from riparian vegetation disturbance (reduced stream-surface shade), summertime diminution of
flow (reduced assimilative capacities) and channel widening (increased stream surface area exposed to
solar radiation).

Riparian vegetation, stream morphology, hydrology, climate, and geographic location influence stream
temperature. While climate and geographic location are outside of human control, riparian condition,
channel morphology and hydrology are affected by land use activities. Human activities that contribute to
degraded water quality conditions in the Umatilla Basin are associated with agriculture, forestry, roads,
urban development and rural residential related riparian disturbance. The relationships that exist
between factors that impact stream temperature are discussed in detail within Appendix A-4.

Specifically, the elevated summertime stream temperatures attributed to anthropogenic sources in the

Umatilla Basin result from the items listed (1 through 3) below:

1. Near stream vegetation disturbance/removal reduces stream surface shading via decreased riparian
vegetation height, width and/or density, thus increasing the amount of solar radiation reaching the
stream surface (shade is commonly measured as percent effective shade or open sky percentage).
Riparian vegetation also plays an important role in shaping the channel morphology, resisting erosive
high flows and maintaining floodplain roughness.

2. Channel widening (increased width to depth ratios) increases the stream surface area exposed to
energy processes, namely solar radiation. Near-Stream Disturbance Zone (NSDZ) widening
decreases potential shading effectiveness of shade-producing near-stream vegetation.

3. Reduced summertime base flow results from stream withdrawals.

Umatilla Basin groundwater influences on stream temperatures are being assessed by the CTUIR. This
study (hyporheic potential) may provide basis for modification of TMDL allocations in potential future
iterations of Umatilla Basin TMDLs.

Near-Stream Disturbance Zone (NSDZ) is defined for purposes of the TMDL as the width between shade-producing
near-stream vegetation. This dimension was measured from Digital Orthophoto Quad (DOQ) images and where near-
stream vegetation was absent, the near-stream boundary was used, defined as armored stream banks or where the
near-stream zone is unsuitable for vegetation growth due to external factors (i.e., roads, railways, buildings, efc.).

85 to 110 feet Tall Cottonwoods
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NON-POINT SOURCES OF THERMAL POLLUTION #1

Near stream vegetation disturbance and removal increases solar radiation loading
(decreases shade) and causes channel instability that leads to channel widening
(decreased resistance to flow velocity).

Near stream vegetation disturbance/removal reduces stream surface shading via decreased
riparian vegetation height, width and/or density, thus increasing the amount of solar radiation
reaching the stream surface (shade is commonly measured as percent effective shade).

Figure 14 displays the current and potential effective shade profile for the Umatilla River. Current near
stream vegetation type, height, density and width were sampled from GIS’ at 100 feet longitudinal
intervals and 30-foot transverse intervals (up to 250 feet away from the stream edge). Potential near
stream vegetation type was derived from field survey, literature and professional judgement. Average
height and density were estimated based on the vegetation types, assuming mature healthy vegetation.
These near stream vegetation targets were used (with morphology, aspect, etc.) to generate the Umaitilla
River potential effective shade profile. Figures 22 through 25 display the current and potential near
stream vegetation height.

Figure 14. Umatilla River Effective Shade - Current and Potential
98% of the stream segments are below the effective shade target
2% of the stream segments are above the effective shade target
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' Landsat Imagery and digital othrophoto quads were used to map and sample near stream vegetation
(Appendix A-4).
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(1A) NEAR STREAM VEGETATION - CURRENT CONDITIONS

The current condition of the near stream vegetation varies considerably in the Umatilla Basin. The
majority of the upper tributary riparian vegetation is composed of narrow bands of hardwood and conifer
species, including some National Forest lands. Galleries of large mature cottonwoods exist in some
areas of CTUIR land. Lower mainstem and tributary reaches have riparian vegetation types primarily
composed of shrubs, crops and grasses, with some scattered deciduous trees (i.e., ash, cottonwood, and
alder). Much of the lower mainstem is diked, and trees are actively prevented from growing on the dikes.

Undisturbed riparian areas in the Umatilla Basin generally progress towards late seral woody vegetation
communities. Few, if any, riparian areas in the Umatilla Basin are unable to support either late seral
woody vegetation or tall growing herbaceous vegetation. A recent report regarding wildlife habitats in the
Umatilla and Willow Creek Basins examines the differences between current and pre-settlement
vegetation coverages (Kagan, 1999). The following quote from that report exemplifies the drastic
changes that have occurred in the riparian landscape since European settlement:

"The most notable difference between the landscape in the study area now and in the 1850s is
the conversion of native prairie to farmland. The large, forested riparian areas along the Umatilla
River have largely disappeared. However, the most interesting change is the current lack of
water in many areas where the original General Land Office (GLO) surveyors reported abundant
springs and small creeks. These were recorded on a township basis and the differences are
striking..."

"The greatest percentage losses are in the riparian communities. These bottomland hardwood
and willow communities show losses of 87%, and are clearly underestimated. Only the largest
riparian bottomland areas were reported by the GLO surveyors [are] included in the map. Many
thousands of acres dominated by willows with scattered alder and coffonwood were not reported,
and therefore the 87% loss indication has been significantly underestimated. Actual losses are
probably greater than 95%."

Umatilla River LandSat Vegetation Height Classification

Existing vegetation heights were determined from infrared satellite data (LandSat) that was classified into
dominant species type, canopy density, and stand size (Pacific Meridian, 1997). Pacific Meridian used
ground truthing and aerial photograph analysis during LandSat vegetation classification. Additionally, the
Oregon ODEQ collected riparian species, size, and density data at several sites in the Umatilla River
Sub-basin during the summer of 1999. ODEQ then used that data to further verify the LandSat accuracy.
Every LandSat near-stream vegetation code was also quality checked against aerial photographs (digital
orthophoto quads) by ODEQ.

The LandSat vegetation data is comprised of 25-meter pixels, each coded for species type, canopy
density, and size/structure. Species type is coded according to the dominant existing over-story species.
Canopy density is presented as the percentage of ground that is covered by over-story vegetation when
viewed from directly above. LandSat size/structure classes are divided by diameter at breast height (dbh)
of woody trees. Additionally, the LandSat size/structure class denotes whether the stand is single or
multiple story. Shown below are the size/structure codes from the LandSat data (Pacific Meridian, 1997).
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Non-Forested:

1) Water
2) Rock, Sparsely Vegetated
3) Snow
4) Herbaceous/Grass
5) Agriculture
6) Developed
7) Shrub
Single Story: Seedling Sapling = 0-4.9” dbh
8) Seed-Sap Pole = 5.0-9.9” dbh
9) Pole Small = 10.0-14.9” dbh
10) Small Medium = 15.0-19.9” dbh
11) Medium Large = 20-29.9” dbh
12) Large X-Large = 30” + dbh
13) X-Large
Multi-Storied:
14) Pole/MS
15) Small/MS
16) Medium/MS
17) Large/MS
18) X-Large/MS

Non Forest — If the total tree crown closure is < 10%, then the site is labeled with the appropriate Non
Forest class.

Canopy Layer — If over 85% of the total tree crown closure is present in one canopy layer, then it is
single-story, else it is Multi-Storied.

Conversion of DBH to Tree Height

Existing tree heights were calculated from the specified LandSat DBH using species-specific growth
curves (Hann, 1997 and Richards 1959). LandSat presents the DBH in ranges, so ODEQ applied the
middle (average) value of the range for each size/structure class. Below is the Chapman-Richards
Asymptotic Nonlinear Regression Module equation that is used to determine heights based on known
DBH values (Richards, 1959).

H =137+, [1 - exp(b, - DBH)]" )

Where,

H = Height of Tree

by = regression variable

b, = regression variable

b, = regression variable

DBH = Diameter at Breast Height

As previously mentioned, the calculated existing tree heights were confirmed through comparison with
aerial photograph (digital orthophoto quad) and ground-truth data.
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(1B) NEAR STREAM VEGETATION — POTENTIAL CONDITIONS

The estimated potential riparian width, unless specified in the figures, is assumed to extend at least to the
edge the flood prone area. For healthy riparian conditions, a vegetation buffer width equal to the flood-
prone width is often a desirable minimum. The flood-prone width is defined (Rosgen, 1996) as the cross-
sectional valley or floodplain width (perpendicular to the channel) at twice the bankfull height. These
have been estimated as presented in Figure 15. The term entrenchment describes the condition where
the floodprone and bankfull widths are similar. In reaches that are relatively entrenched the flood prone
width is not sufficient as a guide for minimum buffer width.

Figure 15. Estimated Flood-Prone Widths
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The 'system potential' or 'site potential’ (these terms are often used interchangeably in this text)
vegetation and channel characteristics were estimated by the Umatilla Basin TMDL Technical Committee.
This characterization is discussed below and included as Appendix A-3. It should be recognized that
this characterization is used for model input conditions to predict potential future temperatures, and as the
best estimate available of attainable conditions that lead to improved water quality. Not all attributes are
allocated. The TMDL allocations and model simulation are based on this characterization, but floodprone
width, channel cross-sectional area, point bar zones, etc. are not allocated in the TMDL process. Refer to
Section 2.1.1.6 for the definition of the temperature TMDL allocations and associated surrogates. The
Department recognizes that site potential condition characterization should be re-evaluated as more
information is available and as progress is achieved.

In characterizing potential riparian vegetation, the Umatilla TMDL Technical Committee considered two
zones along the stream - the point bar and outer zones. These are illustrated in Figure 16. The inner
width (point bar zone) is an average width applied along 50 percent of the length of each bank. The outer
zone contacts the bank along the other 50 percent of its length. That is, both banks are full-length
vegetated, but along each bank the zone in contact with the stream alternates as shown in Figure 16.

On each bank, one half of the stream-length is occupied by the point bar zone vegetation and the other
half is occupied by the outer zone vegetation. The outer zone is ever present, but only abuts a bank for
half of the stream-length. The potential width of the point bar zone, specified in the figures below, is a
mean width measured perpendicular to the channel.
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Figure 16. Map of Predicted Riparian Configuration

The near stream vegetation width was simulated in temperature modeling as comprised of these two
zones. For the purpose of the simulation, the maximum near stream vegetation width accounted for is
150 feet. Data input for simulation required simplification of the Committee's characterization of potential
vegetation, as follows:

e Point Bar Zone - 50 feet from bankfull edge, 50 feet tall vegetation, zone is continuous along stream
length
o Quter Zone — 100 feet from Point Bar Zone edge

The site potential riparian vegetation density is assumed to be 80 percent. Estimated potential riparian
vegetation density for modeling purposes can be defined as the percent area of ground surface visible on
aerial photographs or the percent open sky measured by an instrument such as a densiometer, within
stream-side vegetated areas. An overall average density value was assumed due to the characteristic
variability and complexity of riparian density and the inherent difficulty in extrapolation into the future. The
80 percent values is based on professional judgement extrapolated from:

o Umatilla Basin aerial photography interpretation of mature stands;

o Satellite-based interpretation (canopy density for existing stands) reported by Pacific Meridian, CTUIR
and ODF for the upper Basin, and;

¢ Knowledge of typical measured values, e.g., cottonwood Galleries are normally 100 percent, pine
forests 70-90 percent, etc.

Tree heights were selected from the literature and measured along the Umatilla River. The listed
potential vegetation either occurs or is likely to have occurred historically along the Umatilla River.
Further monitoring is encouraged to refine this estimate of site potential vegetation height, width and
density. Note that the intent is not to specify desired or required tree types but rather to characterize the
potential riparian buffer dimensions. In instances where planting is recommended, riparian species that
support stream habitat and stream surface shade production should be considered. In the future, TMDL
load allocations can be re-assessed to include alternative determinations of healthy riparian species.
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Height Values for Potential Vegetation Communities (USDA 1974, maximum heights)

Coyote Willow - 10 feet

Bebb Willow - 15 feet

Pacific Willow - 60 feet (expected in healthy eastern Oregon riparian zones at lower elevations such
as downstream from Pendleton)

Mixed Willow - 30 feet (average of the three above)

Thinleaf Alder - 30 feet

White Alder - 80 feet (used 70 feet, measured below Pendleton)

Black Cottonwoods - 200 feet, but average large Cottonwood local measurements are applied here:
112 feet above Pendleton, 100 feet in and below Pendleton

Choke Cherry - 30 feet

Red Osier Dogwood - 8 feet

Other species, particularly in the upper Basin, including Englemann Spruce, Larch, Quaking Aspen,
mixed Willow and various Firs, Pines and Alders are reported in Crowe and Clausnitzer, 1997 and
Audubon Society, 1988, Field Guide to North American Trees. Mature heights (mid-range or average
height) for shade producing species in this citation include:

Quaking Aspen - 75 feet

Grand Fir - 135 feet

Douglas Fir - 75 feet

Mountain Alder - 35 feet

Ponderosa Pine - 95 feet (60-130 feet in height, Audubon, 1988; 125-180 feet, Bever, 1981)

Within each zone identified in Table 10, the mature heights of characteristic species within the zone are
averaged, each with equal weight.
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Table 10. Potential Near Stream Vegetation Types and Heights

average mature heights, sorted by reaches

Point Bar Zone (50% of stream length) Outer Zone (50% of stream length)
Reaches Average Average
Shade Producing Vegetation Types Mature Shade Producing Vegetation Types Mature
Height Height
Mainstem - Above Meacham Deciduous - Quaking Aspen, Black Conifer - Grand Fir, Douglas Fir
Creek (N/S Forks to river mile Cottonwood, Mountain Alder, mixed 50 feet (Ponderosa Pine increasing 100 feet
78.8) Willow, Red Osier Dogwood downstream)
Mainstern - Meacham Creek to Coyote Willow, Bebb Willow, Pacific
= . : i Willow, Thinleaf Alder, White Alder, 55 feet Cottonwood Stands 112 feet
endleton (river mile 78.8-55.5) C .
ottonwood, Ponderosa Pine
Mainstem - Pendleton (Hwy 11 Coyote Willow, Bebb Willow, Pacific
to McKay Creek, river mile Willow, Thinleaf Alder, White Alder, 50 feet Cottonwood Stands 100 feet
51.0-55.5) interspersed Cottonwood
Mainstem - Below McKay Coyote Willow, Bebb Willow, Pacific
Creek to Butter Creek (river Willow, Thinleaf Alder, White Alder, 50 feet Cottonwood Stands 100 feet
mile 15.0-51.0) interspersed Cottonwood
Mainstem - Butter Creek to Coyote Willow, Bebb Willow, Pacific
. ) Willow, Thinleaf Alder, White Alder, 50 feet Same as Point Bar Zone 50 feet
mouth (river mile 0.0-15.0) )
interspersed Cottonwood
Tributary — Forested Lands Deciduous - Quaking Aspen, Black Conifer - Grand Fir, Douglas Fir
(identified in USGS land use Cottonwood, Mountain Alder, mixed 50 feet (Ponderosa Pine increasing 100 feet
mapping) Willow, Red Osier Dogwood downstream)
Jggt‘far r%w_frErL:wttlg:\/ICZr?)etl:) Coyote Willow, Bebb Willow, Pacific
: e Willow, Thinleaf Alder, White Alder, 50 feet Same as Point Bar Zone 50 feet
Forested Lands (identified in : Cott d
USGS land use mapping) interspersed Cottonwoo
Tributary — Non-Forested Lands | Coyote Willow, Bebb Willow, Pacific
(identified in USGS land use Willow, Thinleaf Alder, White Alder, 50 feet Cottonwood Stands 100 feet
mapping) interspersed Cottonwood
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Upstream from Meacham Creek
The vegetation dimensions illustrated below are estimated as system potential for the Umatilla Mainstem
reaches upstream from Meacham Creek. The longitudinal distribution for each bank is 50% the right-
bank geometry and 50% the left, as described previously in this section. In this section and much of the
river below, it is recognized that the level of natural disturbance and moisture availability in the point bar
zone argues for an alternating band riparian assemblage as indicated in the figure below and in the map
view of Figure 16.

Figure 17. Potential Mainstem Vegetation Cross-Section, Upstream from Meacham Creek

Deciduons Trees

Meacham Creek to Pendleton
The vegetation dimensions illustrated below are estimated as system potential for the Umatilla Mainstem
reaches from Meacham Creek to Pendleton. The longitudinal distribution for each bank is 50% the right-
bank geometry and 50% the left, as described previously in this section. This zone has less tall conifers
than the reaches above and in contrast with Pendleton is observed to support pine and taller
Cottonwoods.

Figure 18. Potential Mainstem Vegetation Cross-Section, Meacham Creek to Pendleton
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In Pendleton
The vegetation dimensions illustrated below are estimated as system potential for the Umatilla Mainstem
reaches from the Highway 11 Bridge in Pendleton to McKay Creek. The longitudinal distribution for each
bank is 50% the right-bank geometry and 50% the left as described previously in this section. Occasional
Cottonwoods are observed up to the rivers edge, interspersed with alder, willow and other trees of similar
height to the alder/willow.

Figure 19. Potential Mainstem Vegetation Cross-Section, in Pendleton
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Between Pendleton and Butter Creek
The geometry illustrated below is the estimated system potential for the Umatilla Mainstem reaches from
immediately below McKay Creek to Butter Creek. The longitudinal distribution for each bank is 50% the
right-bank geometry and 50% the left as described previously in this section. This section appears similar
enough to Pendleton to be equivalently characterized. Width is probably less limited here.

Figure 20. Potential Mainstem Vegetation Cross-Section, Pendleton to Butter Creek
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From Butter Creek to the mouth of the Umatilla River
The vegetation dimensions illustrated below are estimated as system potential for the Umatilla Mainstem
reaches below Butter Creek. Potential galleries of taller trees such as Cottonwoods would be scarce due
to thin soils and relatively rocky banks and less groundwater availability though interspersed Cottonwoods
and small stands are present currently, e.g., river mile 1.5, east bank.

Figure 21. Potential Mainstem Vegetation Cross-Section, Butter Creek to mouth
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Tributaries

System potential vegetation goals are needed for the major tributaries and lower order streams. The
vegetation geometry described for the Umatilla River upstream from Meacham Creek will be assumed for
forested areas (using USGS land use map). The vegetation geometry described for the mainstem from
Pendleton to Butter Creek will be applied elsewhere except for the thin soil on basalt area of Butter Creek
between stream mile 20 and the forest. The lower mainstem vegetation geometry below river mile 15 is
assumed for this specified area along Butter creek.

Diagrams of mainstem vegetation

Figures 22 through 25 illustrate assessed-current and estimated-potential vegetation height and width, as
simulated to evaluate river temperatures. Note that existing conditions were assessed up to 250 feet
from the bank, whereas site potential was accounted for (in simulations for temperature predictions)
within 150 feet of the bank. The greatest temperature influences occur adjacent to the channel, and the
actual width needed for habitat, sediment filtration/trapping etc., is not addressed in the temperature
TMDL. These assessed and simulated widths are not prescriptive; they provide information for model
input. The TMDL allocation of percent effective shade (Section 2.1.1.6) can be obtained with varying
buffer widths.

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY PAGE 53 MARCH 2001



UMATILLA RIVER BASIN TMDL AnD WQMP CHAPTER Two: TMDLS

Figure 22. Umatilla River Near Stream Vegetation - Current Condition and Potential
(RM 89.6 to RM 67.4)
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Figure 23. Umatilla River Near Stream Vegetation - Current Condition and Potential
(RM 67.4 to RM 42.2)
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Figure 24. Umatilla River Near Stream Vegetation - Current Condition and Potential
(RM 42.2 to RM 23.1)
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Figure 25. Umatilla River Near Stream Vegetation - Current Condition and Potential
(RM 23.1 to RM 0.6)
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NON-POINT SOURCES OF THERMAL POLLUTION #2

Channel widening has occurred in many Umatilla Basin stream segments. This widening is
a result of channel and riparian disturbance. A wider channel compounds increased solar
radiation loading (decreased shade) with an increased stream surface area exposed to
solar radiation loading.

Stream width is largely a function of high flow volume magnitude and frequency, sediment supply
and transportation, stream bed and bank materials and stability (Rosgen 1996 and Leopold et al.
1964). The Umatilla River has wide channels in many areas that result from channelization,
disturbance/removal of riparian vegetation and changes to the sediment regime. Channel
widening (increased near stream disturbance zone width, bankfull width and width to depth ratios)
increases the stream surface area exposed to energy processes associated with solar radiation.
Channel widening decreases potential shading effectiveness of shade-producing near-stream
vegetation.

(2A) ROSGEN STREAM TYPE - LEVEL |

In 1998, members of the Umatilla TMDL Technical Committee used a field method, the Rosgen Level | &
Il Inventory, to classify stream channel types on the Umatilla River, as well as several tributaries. Level |
Rosgen stream classifications break streams into groupings (letters A through G) that relate channel
morphology to valley shape, and channel patterns, slope and cross-section. Figure 26 displays Rosgen
Level | stream types and sample locations. Table 11 presents the general parameter ranges associated
with Rosgen Level | classification. Detailed descriptions of Rosgen stream type classifications can be
obtained from Rosgen (1994) and are summarized in Figure 27.

(2B) ROSGEN STREAM TYPE - LEVEL Il

Rosgen Level Il morphologic classifications considers all of the Level | parameters as well as substrate
particle size, entrenchment ratio, width to depth ratio and sinuosity. Level Il classifications can provide
insight as to reach-specific sediment supply, sensitivity to disturbance and the potential for natural
recovery. Twenty-four Level Il Rosgen classifications were performed for the Umatilla mainstem and
selected tributaries during the summer of 1998 (Williams et al., 1998). Generalized characteristics can be
associated with each of the Level Il Rosgen stream classes that relate channel morphology to sensitivity
to disturbance, recovery potentials, sediment supply, streambank erosion potential and vegetation
controlling influence. Rosgen (1994) presents these characteristics to provide guidance to riparian and
sediment management.

The level Il Rosgen stream morphology classification system to describe existing and future potential
stream type assessment is summarized in Table 12, based on 1997 and 1998 Rosgen Level l|
Inventories (Inventories) of nine Umatilla River mainstem reaches and best professional judgement.?
Potential level Il stream types are considered the highest ecological status attainable. Limiting factors in
channel morphology restoration include influences of the riparian area, influences of channelization,
levees, structures in floodplains, channel constriction (via roads, bridges, railroad), urbanization,
management practices, historical and existing dams.

2 Rosgen stream typing provides a widely accepted methodology for categorizing stream channel
characteristics. Qualified staff from USFS, CTUIR, ARS and DEQ employed professional judgement for
developing level Il potential stream types. Further monitoring is recommended to expand the existing
coverage and to support progress evaluation.
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Figure 26. Umatilla Basin Morphologic Assessment — Rosgen Classifications
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Table 11. Generalized Parameter Ranges for Level | Rosgen Stream Types

(Data taken form Rosgen, 1996)

Entrenchment Sinuosity e Width to Depth Stream Type
Low (<1.2) A
High (< 1.4) Low (<12) G
Single-Thread Moderate (>1.2) Moderate/High (>12) F
Channels Moderate (1.4-2.2) Moderate (>12) B
Very High (>1.5) Very Low (<12) E
Low (>2.2) High (>1.2) Moderate/High (>12) c
Multiple Low (<1.2) Very High (>40) D
Channels Low-High (1.2-1.5) Low (<40) Da

Table 12. Rosgen Level Il Stream Type Assessments

Site Extent L$velell L$veLII L_(Ia_veLII

(River Miles) (1387) (1388) (potggtial)
Forks to Bear Creek 90.0-87.0 B4c F4 B4
Bear to below Rock Creek 87.0-86.3 - - C4
Below Rock Creek to Gray's property 86.3-82.0 - F4 B4
Gray's to Meacham Creek 82.0-78.8 - - C4/B4
Meacham Creek to Squaw Creek 78.8-76.7 C4 C4 C4
Squaw Creek to Buckaroo Creek 76.7-73.4 - F4 C4
Buckaroo Creek to Cayuse Bridge 73.4-67.5 - F1/F4 C4/F1
Cayuse Bridge to above Mission Creek 67.5-60.0 - - C4
Above Mission Creek to developed area 60.0-57.0 B1c F1/F4 C4
Developed area to Hwy 11 57.0-55.5 - B1c/ B3c C4
Hwy 11 to Westgate Road (prison) 55.5-51.5 F1 F4 F4
Westgate Road to McKay Creek 51.5-561.0 - - F4/B4c
McKay Creek to Birch Creek 51.0-48.3 - - C4/B4c
Birch Ck. To Yoakum Bridge 48.3-37.0 F4 - C4
Yoakum Bridge to Stanfield Dam 37.0-32.3 C4
Stanfield Dam to Westland Dam 32.3-27.3 - - B4c**/C4
Westland Dam to Stage Guich 27.3-21.5 F4 C4 C4
Stage Gulch to Maxwell Dam 21.5-15.0 - - C4
Maxwell Dam to below Hermiston WWTP 15.0-5.0 - - F4/C4
Hermiston WWTP to Three Mile Dam 5.0-3.0 - - F1
Three Mile Dam to mouth/slackwater 3.0-0.0 - - F1
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(2C) CHANNEL WIDTH — CURRENT CONDITION

The bankfull width is defined (Rosgen, 1996) as the channel width (perpendicular to the channel) at the
bankfull height. Bankfull channel widths often increase in the downstream direction and may occur in a
step-wise manner as a function of discharge and stream type changes at a major confluence. The

bankfull widths measured for Umatilla River level Il Rosgen stream classifications are listed in Table 13.

The NSDZ is an approximate measurement of the channel width that is sampled from 1997 digital
orthophoto quads (DOQs). This provides the widespread geographic coverage to compliment data from
the ground level Rosgen Inventories. Digital orthophoto quads and remote sampling tools® were
employed to determine the NSDZ width throughout the length the Umatilla River mainstem (for purposes
of temperature modeling, the NSDZ was sampled at 100-foot intervals for the entire length of the Umatilla
River). Bankfull widths are compared with the near stream disturbance zone width (NSDZ) widths in
Figure 28. Comparisons between both measurements indicate that the near stream disturbance zone
width is on average 5% greater than the measured bankfull width with a range of deviation from 9% to —
13% (see Figure 29). Observed deviations are considered small and are likely a reflection of the
resolution of the digital orthophoto quads. Further, the one year difference between the DOQ (1997) and
Rosgen (1998) sampling directly following the extensive channel modifications caused during the 1996
flood, after which channel widening may have been more apparent in 1997 than 1998.

Table 13. Bankfull Widths Identified with Rosgen Level |

Site Description River Mile Bankfull Width (feet)
Corporation 89.5 91
USGS gage upstream Meacham 80.1 80
Downstream from Meacham 78.8 129
Upstream from Thorn Hollow Bridge 73.5 108
Near Cayuse Bridge 67.5 144
Near Mission Bridge 59.5 209
Near Hwy 11 Bridge 55.5 89
Upstream from W. 10th St Bridge, Pendleton 55.0 114

Figure 28. Near Stream Disturbance Zone Width and Bankfull Width Comparision
300 T

250 1

200 T

Near tream Disturbance Zone Width

Bankfull Width (feet)

® Ttools is an Arcview extension developed by DEQ used to sample near stream disturbance zone at 100-
foot intervals along the Umatilla River.
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Figure 29. Deviation Between Near Stream Disturbance Zone and Bankfull Widths
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(2D) CHANNEL WIDTH - POTENTIAL CONDITION

Rosgen (1996) acknowledges the difficulty in developing future stable-channel width to depth ratio
estimates. He recommends width to depth ratios from stable reference reaches, by stream type. Stable
reference reaches of various stream types have not been identified in the Basin. The selected alternative
was to utilize the mid-range of the dominant mode for US streams per stream type (data summarized in
Rosgen, 1996). These width to depth ratios, along with bankfull width cross-sectional areas were then
used to calculate the potential bankfull width (equation in Table 14, from Rosgen, 1996). Table 14 lists
existing cross-sectional areas from gage station measurements and the targeted width to depth ratios
used in this analysis, and the corresponding potential bankfull width. The cross-sectional area at the 1.2-
year recurrence interval was chosen because this stage height closely matches field measured bankfull
height at key stations. The near stream disturbance zone width is assumed to be 5% greater than
bankfull based on comparison between the two measurements. In order to provide channel width
(potential) targets along the entire Umatilla River mainstem, a best-fit line for potential bankfull width vs.
river mile was derived through regression (Figure 30). The equation of this line provides longitudinal
target values for potential bank full width and increasing this by five percent produces the potential NSDZ
width.
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Table 14.

Potential Bankfull Width Calculations

Bankfull gy, = (Area - %);

(Rosgen 1996)

Bankfull,qn = Site potential bankfull width
Area = Bankfull channel cross-sectional area at each mainstem gage or inventory station

% = Targeted potential width/depth ratio of channel

1.2 Year Targeted |Cross- Potential

Station Descriotion River |Return Period |Potential VV Sectional |Bankfull
P Mile |High Flow Stream d Area width

(cfs) Type (feet) (sq. feet) |(feet)
USGS gage u/s Meacham 80.1 [1300 c4/B4 |21 210 66.4
near Mission Brdg. 59.5 |3000 C4 21 540 106.5
u/s W. 10" St Brdg, Pdtn 55.0 |3100 F4 21 590 111.3
Yoakum Brdg. Gage 37.0 |3700 C4 21 570 109.4
near Echo Brdg. 260 2700 c4 21 1040 147.8

(assumed)
USGS gage below 3 Mile Dam 2.1 3075 F1 21 800 129.6

Table notes: U/s = upstream; d/s = downstream. 1.2 year recurrence interval flows are from
CTUIR, 1999. Cross-sectional areas where calculated from flow vs. velocity regression,
R?=0.87 (from CTUIR analysis, unpublished).

Figure 30. Umatilla River Potential Channel Width Based on 1.2 Year High Flow
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Figure 31. Umatilla River Near Stream Disturbance Zone Width Target
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(2E) TRIBUTARIES

The lack of available data limits estimation of potential bankfull widths on major tributaries and lower
order streams. The Umatilla Basin TMDL Technical Committee recommended that bankfull width/depth,
as a fundamental property of stream channels, be considered as a TMDL temperature surrogate. These
are adopted as temperature load allocation surrogates in Section 2.1.1.6. Stream classification has not
been done for much of the Basin but the basic Umatilla Basin types are fairly readily distinguishable
based on gradient, profile and cross-section (Classification summary in Figure 27). Maximum mid-range
width/depth reported in Rosgen (1996) for the dominant mode of various types is listed in Table 15.

Table 15. W/d Targets by Stream Type

(mid-range measured width/depth of streams across the US, from Rosgen, 1996)
Stream Type A B C F
w/d Target 7 17 24 29
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NON-POINT SOURCES OF THERMAL POLLUTION #3

Low summertime flows decrease the thermal assimilative capacity of streams. Pollutant
(solar radiation) loading causes larger temperature increases in stream segments where
flows are reduced.

The Umatilla River is extensively utilized for crop irrigation during the summer months.
Significant flow augmentation occurs from a large storage reservoir located on McKay Creek
near Pendleton. However, during parts of the summer this flow augmentation is largely
withdrawn from the Umatilla River before it reaches the Columbia River. Analysis presented in
Appendix A-4 demonstrates that when instream flows are depleted in several lower river
reaches, temperatures in excess of 80°F are the lowest achievable.

The summer low flow pattern in the Umatilla River mainstem reflects a highly managed flow condition.
ODEAQ staff calculated return periods for both high and low-flow conditions.* Flows were also measured
throughout the Umatilla Basin over a four-day period during the summer of 1998. Observed flow
conditions were below 10 cfs for all tributary streams. No flow (zero cfs) was observed at several tributary
streams during this monitoring work. Observed mainstem flow increased dramatically downstream of the
McKay Creek confluence, where nearly 200 cfs of McKay Reservoir water enters the Umatilla River.
Umatilla River flows then decreased dramatically between river mile 26.3 (Umatilla River at the City of
Echo) and river mile 8.7 (Umatilla River at Westland Road) due to irrigation diversions. Below river mile
26.3, there are areas where Umatilla River flows increase as a result of irrigation and urban drain and
groundwater returns.

* Flow data has been collected in the Umatilla River Sub-Basin at numerous OWRD and USGS gages.
Daily stream flow measurements have been collected at several of these gages since 1903. Flow
statistics were performed using the Log Pearson Type Il distribution. Results from this analysis are
available in DEQ Umatilla River Basin Data Review (1998). The 7Q10 flow represents the lowest 7-day
average flow that occurs on average once every 10 years. Therefore, the probability that this flow
condition will occur during any year is 10%. The 7Q10 flow at selected sites is provided below.

7Q10 Low Flow Statistics (cfs)
RM 79 RM 68 RM 55 RM 51 RM 24 RM 2
36.2 37.7 21.6 16.2 36.5 0.1
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Figure 32 illustrates gage site and portable-meter measured flows collected August 24-28, 1998. This
figure also depicts an estimated mainstem flow profile assuming instream flow conservation, thus arraying
a wide range of potential flow. Management of McKay Reservoir (entering the mainstem at river mile
49.5) and irrigation diversions can greatly influence mainstem flow, causing volumes dramatically above
or below that of pre-1900 hydrology.

Figure 32. Umatilla River Flow During Summer Minimum Flow - Current and Potential
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2.1.1.3.2 Point Sources of Pollution

Elevated summertime stream temperatures attributed to five point sources in the Umatilla River Basin
result in part from warm water discharge to surface waters. However, not all of these point sources
discharge during the warm season.

The locations of the individual NPDES permitted point sources that discharge directly to surface
waterbodies are mapped in Figure 7 (recalled below). There are five such facilities within the Umatilla
River Basin (Table 16). Two of these facilities, the Pendleton and Hermiston Waste Water Treatment
Plants, are currently permitted to discharge during the warmer months. Discharge temperatures are
generally in the low 70°F range. Maximum design discharge rates are listed in Table 16. Table 17
provides flow information and instream system potential temperatures.

Loading capacities for these facilities are described in Section 2.1.1.5 and Wasteload allocations are
established in Section 2.1.1.6. The system potential temperatures and WLA method are provided both
for facilities that discharge during the critical season as well as those that do not, to guide future permit
renewal.

Recall Figure 7. Map of Umatilla Basin Towns and Cities Including Point Sources of Pollution with
Facility NPDES Permits.

% Pilat Rock

o Urban Boundary

¢ Point Source
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Table 16. NPDES Permitted Sources of Thermal Input

Average
City/ Permit Design August
Facilit¥ Discharge Receiving River Permit Permit Flow Effluent
Name Period Water Mile Type Expires6 Rate Temp.
Athena | Nov 1 - . 72°F
WWTP | Apr 30 Wildhorse Cr. 18.5 NPDES 5/31/96 | 0.19 cfs (assumed)
50.6
Pendleton McKay Ck / . o
wwtp | allyear Umatilla R. (Urréé;llla NPDES 9/30/97 | 8.51cfs | 72°F
Echo Nov 1- . 72°F
WWTP | Apr 30 Umatilla R. 25.0 NPDES | 12/31/99 | 0.19 cfs (assumed)
' 29.9 0
Stanfield | Nov 1- Stage Gulch / . 72°F
WWTP | Apr 30 Umatila R, | (Ve | NPDES 78188 1 0.85.018 1 (55 meq)
Hormision | all year Umatilla R. 52 | NPDES | 5/31/00 | 4.55cfs | 73°F

gray shading identifies facilities that are not permitted to discharge during the warm season.

® Lists of permitted wastewater discharges in Oregon are available through the DEQ website at:
http://waterquality.deq.state.or.us/SISData/FacilityHome.asp

® The existing permit remains in effect until DEQ acts on the renewal application. Permit renewals have

been extended pending TMDL establishment.
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2.1.1.4 SEASONAL VARIATION - CWA §303(D)(1)

The critical season is the period in which Umatilla River temperatures (in the warmest reach of the Basin)
exceed the applicable numeric criteria of the temperature water quality standard. In the locations of
NPDES individual-permit point sources in the Basin, this period is documented to occur (64 °F criterion)
from June through September. Salmonid spawning (55 °F criterion) occurs in these locations during
November 1 to April 30.

Section 303(d)(1) requires this TMDL to be “established at a level necessary to implement the applicable
water quality standard with seasonal variations.” Both stream temperature and flow vary seasonally.
Water temperatures are coolest in winter and early spring months. Stream temperatures exceed State
water quality standards in summer and early fall months (June, July, August and September). Warmest
stream temperatures correspond to prolonged solar radiation exposure, directness of sunlight, warm air
temperature, low flow conditions and decreased groundwater contribution. Seasonal variability of the
daily maximum temperatures for the Umatilla River mainstem is presented in Figures 33 and 34 and in
Appendix A-4.

The warmest stream temperatures occur in late July and early August. Upper reaches of the Umatilla
River warm rapidly in the downstream direction to sub-lethal (64°F to 74°F) and incipient lethal (74°F to
80°F) levels for salmonids (Table 7). Most tributaries where data was collected also have 7-day
maximums within or near the sub-lethal and incipient lethal levels for salmonids.

Figure 33. Umatilla River Seasonal Variability in the 7-Day Temperature Statistic
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Figure 34 illustrates warm season summary statistics for each month's 7-day average of daily
maximums, with temperature targets shown. This was used to evaluate the critical season of
exceedance duration with regard to the 64 °F temperature criteria.
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Figure 34. Umatilla River 7-Day Temperature Statistic by River Mile
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2.1.1.5 LOADING CAPACITY — 40 CFR 130.2(F)

The Water Quality Standard (described in Section 2.1.1.1.3) calls for a loading capacity based on
the condition that meets 'no measurable surface water temperature increase resulting from
anthropogenic activities." This condition is considered to be achieved when (1) non-point source
solar radiation loading is representative of morphologic and riparian vegetation conditions without
human disturbance and (2) point source discharges cause no measurable increases in surface
water temperatures.

The loading capacity provides a reference for calculating the amount of pollutant reduction needed to
bring water into compliance with standards. EPA’s current regulation defines loading capacity as “the
greatest amount of loading that a water can receive without violating water quality standards” (40 CFR §
130.2(f)).

e The pollutants as identified in Section 2.1.1.1 are anthropogenic increases in solar radiation loading
(non-point sources) and warm water discharge (point sources).

2.1.1.5.1 Loading Capacity (Non-Point Sources)

The non-point source loading capacities consist of solar radiation loading profiles that reflect system
potential. The non-point source loading capacities are derived by simulating the solar radiation loads that
are received when morphology and riparian vegetation is restored to reflect undisturbed potential
conditions in the Umatilla River Basin. Recall that system potential vegetation characteristics were
described in Section 2.1.1.3.1.

Figure 35 contrasts the longitudinal profile of the current radiant energy load with the longitudinal profile
of the system potential radiant energy load. The system potential radiant energy load is the loading
capacity. The percent solar loading reduction needed to meet the Umatilla River nonpoint source
loading capacity is shown in Figure 36. The nonpoint source loading capacity for the tributaries is
similarly shown as radiant energy loading and is translated into percent effective shade in Figures 38-40.

Nonpoint Source loading capacities in the Umatilla River Basin are heat energy from incoming solar
radiation expressed as Langleys per day. Analysis/simulation of heat transfer processes indicate that
water temperatures increase above natural daily fluctuations when the heat load from solar radiation is
above those allowed by system potential riparian vegetation, channel morphology and hydrologic
conditions. Appendix A-4 describes the modeling results that lead to the loading capacities.
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Figure 35. Non-point Source Solar Radiation Loading Capacity (August 10, 1998)
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Figure 36. Non-point Source Solar Radiation Loading Reduction (August 10, 1998)

[ ] cTUIR Lands

I:l Agriculture Lands

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

Percent reduction in Solar Radiation Loading

SeoSt g e 1 i 1 1 1 1 1 1 b F— 0%
o Yo o o] o Yo o [To] o 0 o Yo o [Te] o [Te] o 0 o
» [e0] [ee] N~ N~ © © To] o < < ™ ™ (V] AN ~— ~—
River Mile
. Forest Lands |:| Urban Lands D CTUIR Lands |:| Agriculture Lands
OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY PAGE 73 MARCH 2001



UMATILLA RIVER BASIN TMDL AnD WQMP CHAPTER Two: TMDLS

2.1.1.5.2 Loading Capacity (Point Sources)

The loading capacity for point sources is defined for the receiving water body; it is the lesser of
(1) system potential temperatures that represent no measurable surface water temperature
increase resulting from nonpoint source anthropogenic activities, and (2) background
temperatures. System potential instream temperatures were derived for peak summer
temperatures by applying the non-point source loading capacity throughout the Umatilla River
Basin and removing all point source discharges. These system potential temperatures were
developed using computer modeling (see Appendix A-4). These system potential temperatures
and background temperatures were then used to assign wasteload allocations to the point
sources.

Table 17 lists flow statistics and the system potential temperatures. The receiving body was assumed to
be the Umatilla River, except for Athena, where critical temperatures and flows were estimated for
Wildhorse Creek. The Hermiston and Echo treatment plants discharge directly to the Umatilla River.
The treatment plants at Athena, Pendleton and Stanfield discharge to Wildhorse Creek, McKay Creek
and Stage Gulch, respectively.
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Table 17. Instream System Potential Temperatures at NPDES Permitted Facilities

Allowable
Current Temperature
Receiving System July/August Change at
City and Facility Waterbody 7Q10 Low Potential Effluent Edge of
Name and River Mile Flow Temperature7 Temperature Mixing Zone
Wildhorse Cr. 1.50 cfs 64.0 °F 72.0 °F o
Athena WWTP RM 18.5 (assumed) | (assumed) (assumed) 0.25°F
Pendieton wwTp | UmatllaR- 1 og0cts | 0.8 °F 71.6 °F 0.25 °F
RM 50.6 ' ' ) '
. Umatilla R. 10.0 cfs o 72 °F o
Stanfield WWTP RM 29 9 (assumed) 69.3°F (assumed) 0.25°F
Umatilla R. 10.0 cfs o 72 °F o
Echo WWTP RM 25.0 (assumed) 69.0°F (assumed) 0.25°F
Hermiston WwwTp | UTAWER- | 5320fs | 70.0°F 73.4°F 0.25 °F

” System Potential Temperature is derived through simulating instream temperatures produced
by non-point source loading capacities (assumed no point source discharge, Figure 2-31).
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2.1.1.6 ALLOCATIONS — 40 CFR 130.2(G) AND 40 CFR 130.2(H)

Load Allocations (Non-Point Sources) — Since the nonpoint source Loading Capacity is based on
system potential, and use of this target is based on the water quality standard (i.e., no measurable
temperature increases from anthropogenic sources), the nonpoint source Loading Capacity is by
definition 100% allocated to natural sources (Table 18).8

Wasteload Allocations (Point Sources) — The Umatilla Basin Wasteload Allocation is defined herein as
the portion of loading capacity heat allocated to point sources given an allowable 0.25°F temperature
increase in the zone of dilution. Outside of the designated mixing zone, surface water discharges into the
Umatilla River Basin receiving waters should not cause measurable increases above the system potential
temperatures listed in Table 17, or above background temperatures, whichever is less. Maximum
allowable effluent temperatures are listed in Tables 19 (Pendleton) and 20 (Hermiston).

Point Source Note - that currently the Athena, Stanfield and Echo WWTP are not permitted to discharge
during May 1 through October 31. Consequently there is no need to further evaluate compliance for
these three facilities.

Nonpoint Source Note - This TMDL establishes goals for streams within the Umatilla Basin that are not
currently on the Oregon 1998 303(d) list. This is consistent with State and Federal TMDL implementation
law and policy. Un-listed streams are addressed because upstream improvements are needed to
sufficiently decrease downstream temperatures. The causes of impairment are readily observed
throughout the Basin (unstable streambanks, channelization, bank and upland vegetation disturbance).

® The Umatilla TMDL Stakeholders Committee requested explanatory text regarding zero allocations, as
follows: A TMDL allocates allowable pollution levels within the limits set by State water quality standards.
Because the standard's trigger temperatures are probably close to, or at times less than, natural
background, there is no capacity for additional thermal loading. This is logical from a biologic standpoint -
salmon in Oregon are near the southern and warmest edge of their range, and hence are challenged by
relatively slight increases. The TMDL modeling shows that there is much opportunity, from a hydrologic
and physics standpoint, to substantially decrease temperatures; and that summer 7-day average
temperatures have been increased by human-related actions, typically by 3 to 15 °F. A zero allocation by
no means indicates that land usages should be eliminated, in fact, the current custodians are to whom we
appropriately rely on for progress toward fishable, drinkable, swimmable waters in the Umatilla Basin.
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Table 18 lists Umatilla Basin load allocations according to land use and wasteload allocations.
Table 18. Temperature Allocation Summary

Load Allocations (Non-Point Sources)

Source Distribution of Radiant Loading Capacity
Natural 100%
Agriculture 0%
Forestry 0%
Transportation Corridors 0%
Urban 0%
Wasteload Allocation (Point Sources)
Minimum
Percent Reduction in Wasteload
Effluent Temperatures Allocation
Current Effluent System Potential to attain Loading maximum
Source Temperature Temperature Capacity (late July - effluent
Facility & City (July/August) (CF) early August) temperatures
o o
Athena WWTP 72.0°F 64.0°F 10.1% .
(assumed) (assumed)
Pendleton WWTP 716 °F 69.8 °F 2.0% Table 19
) 72 °F o 0 *
Stanfield WWTP (assumed) 69.3°F 3.8%
72 °F o 4.2% .
Echo WWTP (assumed) 69.0°F
Hermiston WWTP 73.4°F 70.0°F 4.6% Table 20

* Not discharging during critical season.

Table 19.

(7-Day Average of Daily Maximum, °F)

Effluent Flow, MGD

Subtable 19a. When River 7-Day Average Maximum Daily Temperature Exceeds 69.8° F:

Maximum Allowable Effluent Temperatures for Pendleton WWTP

River Flow Range (cfs) 2.0t02.99 3.0 t0 3.99 4.0t04.99 5.0 to 5.99
10 to 19.9 70.25 70.18 70.15 70.13
20 to 39.9 70.45 70.32 70.25 70.21
40 to 59.9 70.86 70.59 70.45 70.37
60 to 100 71.26 70.86 70.66 70.53

Subtable 19b. When River 7-Day Average Maximum Daily Temperature is less than 69.8° F but

exceeds 68° F:

Effluent Flow, MGD

River Flow Range (cfs) 2.0t02.99 3.0 t0 3.99 4.01t04.99 5.0 to 5.99

10 to 19.9 68.45 68.38 68.35 68.33

20 to0 39.9 68.65 68.52 68.45 68.41

40 to 59.9 69.06 68.79 68.65 68.57

60 to 100 69.46 69.06 68.86 68.73

100 to 200 70.27 69.60 69.26 69.06

200 to 300 72.29 70.94 70.27 69.87
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Subtable 19c. When River 7-Day Average Maximum Daily Temperature is less than 68° F but
exceeds 66° F:

Effluent Flow, MGD
River Flow Range (cfs) 2.0t02.99 3.0 t0 3.99 4.0104.99 5.0 to 5.99
10 to 19.9 66.45 66.38 66.35 66.33
20 to 39.9 66.65 66.52 66.45 66.41
40 to 59.9 67.06 66.79 66.65 66.57
60 to 100 67.46 67.06 66.86 66.73
100 to 200 68.27 67.60 67.26 67.06
200 to 300 70.29 68.94 68.27 67.87

Subtable 19d. When River 7-Day Average Maximum Daily Temperature is less than 66° F but
‘exceeds 64° F:

Effluent Flow, MGD
River Flow Range (cfs) 2.0t0 2.99 3.0 to0 3.99 4.01t04.99 5.0 to 5.99
10to 19.9 64.45 64.38 64.35 64.33
20t0 39.9 64.65 64.52 64.45 64.41
4010 59.9 65.06 64.79 64.65 64.57
60 to 100 65.46 65.06 64.86 64.73
100 to 200 66.27 65.60 65.26 65.06
200 to 300 68.29 66.94 66.27 65.87

Subtable 19e. When River 7-Day Average Maximum Daily Temperature is less than 64° F but
exceeds 63° F:

Effluent Flow, MGD
River Flow Range (cfs) 2.0t0 2.99 3.0 to0 3.99 4.01t04.99 5.0 to 5.99
10 to 19.9 63.45 63.38 63.35 63.33
2010 39.9 63.65 63.52 63.45 63.41
4010 59.9 64.06 63.79 63.65 63.57
60 to 100 64.46 64.06 63.86 63.73
100 to 200 65.27 64.60 64.26 64.06
200 to 300 67.29 65.94 65.27 64.87

Subtable 19f. When River 7-Day Average Maximum Daily Temperature is less than 63° F but
exceeds 54° F and spawning criteria applies:

Effluent Flow, MGD
River Flow Range (cfs) 2.0 t0 2.99 3.0 t0 3.99 4.0 t0 4.99 5.0 to 5.99

10 to 19.9 54.45 54.38 54.35 54.33
20t0 39.9 54.65 54.52 54.45 54.41
40 to 59.9 55.06 54.79 54.65 54.57
60 to 100 55.46 55.06 54.86 54.73
100 to 200 56.27 55.60 55.26 55.06
200 to 300 58.29 56.94 56.27 55.87
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Table 20. Maximum Allowable Effluent Temperatures for Hermiston WWTP
(7-Day Average of Daily Maximum, °F)

Subtable 20a. When River 7-Day Average Maximum Daily Temperature Exceeds 70° F:
Effluent Flow, MGD
River Flow Range (cfs) 2.0t02.99 3.0 to 3.99 4.0104.99 5.0 to 5.99
10t0 19.9 70.45 70.38 70.35 70.33
20t0 39.9 70.65 70.52 70.45 70.41
4010 59.9 71.06 70.79 70.65 70.57
60 to 100 71.46 71.06 70.86 70.73

Subtable 20b. When River 7-Day Average Maximum Daily Temperature is less than 70° F but
'exceeds 68° F:

Effluent Flow, MGD
River Flow Range (cfs) 2.0t0 2.99 3.0 to0 3.99 4.0 t04.99 5.0 t0 5.99
10to 19.9 68.45 68.38 68.35 68.33
20t0 39.9 68.65 68.52 68.45 68.41
4010 59.9 69.06 68.79 68.65 68.57
60 to 100 69.46 69.06 68.86 68.73
100 to 200 70.27 69.60 69.26 69.06
200 to 300 72.29 70.94 70.27 69.87

Subtable 20c. When River 7-Day Average Maximum Daily Temperature is less than 68° F but
exceeds 66° F:

Effluent Flow, MGD
River Flow Range (cfs) 2.0t02.99 3.0 to 3.99 4.0104.99 5.0 to 5.99
10 to 19.9 66.45 66.38 66.35 66.33
20t0 39.9 66.65 66.52 66.45 66.41
40 to 59.9 67.06 66.79 66.65 66.57
60 to 100 67.46 67.06 66.86 66.73
100 to 200 68.27 67.60 67.26 67.06
200 to 300 70.29 68.94 68.27 67.87

Subtable 20d. When River 7-Day Average Maximum Daily Temperature is less than 66° F but
exceeds 64° F:

Effluent Flow, MGD
River Flow Range (cfs) 2.0t02.99 3.0 to0 3.99 4.0104.99 5.0 to 5.99
10 to 19.9 64.45 64.38 64.35 64.33
20t0 39.9 64.65 64.52 64.45 64.41
40 to 59.9 65.06 64.79 64.65 64.57
60 to 100 65.46 65.06 64.86 64.73
100 to 200 66.27 65.60 65.26 65.06
200 to 300 68.29 66.94 66.27 65.87

Subtable 20e. When River 7-Day Average Maximum Daily Temperature is less than 64° F but
exceeds 63° F:

Effluent Flow, MGD
River Flow Range (cfs) 2.0t02.99 3.0 to 3.99 4.0t0 4.99 5.0 to 5.99
10 to 19.9 63.45 63.38 63.35 63.33
20 to 39.9 63.65 63.52 63.45 63.41
40 to 59.9 64.06 63.79 63.65 63.57
60 to 100 64.46 64.06 63.86 63.73
100 to 200 65.27 64.60 64.26 64.06
200 to 300 67.29 65.94 65.27 64.87
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Subtable 20f. When River 7-Day Average Maximum Daily Temperature is less than 63° F but

exceeds 54° F and spawning criteria applies:
Effluent Flow, MGD

River Flow Range (cfs) 2.0t02.99 3.0 to 3.99 4.01t04.99 5.0 to 5.99
10 to 19.9 54 .45 54.38 54.35 54.33
20 t0 39.9 54.65 54.52 54.45 54.41
40 to 59.9 55.06 54.79 54.65 54.57
60 to 100 55.46 55.06 54.86 54.73
100 to 200 56.27 55.60 55.26 55.06
200 to 300 58.29 56.94 56.27 55.87

Wasteload Allocation (Tables 19 and 20) Explanation

The water quality standard for temperature requires that there shall be no increase in temperature due to
anthropogenic causes when stream temperatures are above certain criteria. To this end, waste load
allocations for point sources will ensure no measurable increase (0.25 ° F) during the critical season. In
the Umatilla basin, the applicable criteria will be 64 ° F. [Note: Salmonid spawning and bull trout, except
possibly during migration, are not present below any of the point sources that are permitted to discharge
during the critical season and, therefore, neither spawning nor the bull trout criteria are applicable to the
determination of point source waste load allocations.]

Using a computer model, system potential in-stream temperatures were derived by DEQ for days of peak
summer temperatures by applying the non-point source loading capacity throughout the Umatilla River
Basin and removing all point source discharges. Essentially, system potential temperatures are the
lowest expected stream temperatures that can be achieved when nonpoint sources achieve their
respective load allocations, or, in other words, upon removal of all nonpoint sources of heating due to
anthropogenic causes. The site potential condition as calculated represents the warmest time of year.

The warmest time of year, while often the worst case for the river, does not necessarily produce the most
stringent discharge condition for a point source discharger. The more stringent condition will occur at
cooler stream temperatures, but when the appropriate criteria (64 ° F, in this case) is still exceeded
downstream. This can be demonstrated by applying the following equation which is a temperature mass
balance equation reconfigured to calculate temperature increase:

Where AT is the change in stream temperature,
Qg is effluent flow,
QR is river flow,
Te is effluent temperature, and
Tr is river temperature.

Assuming Tg, Qe and Qg all remain constant, as Tg is reduced, AT will increase. Therefore, in order to
maintain no measurable increase (or less than 0.25 ° F) either T and/or Qg will have to be reduced or Qg
will have to be increased.

This means that early and/or late during the warmest months, during periods of relatively cool river
temperature, thermal discharge limits will have to be less than during the peak summer temperatures in
order to comply with the temperature standard.
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For the WWTPs serving Pendleton and Hermiston, wasteload allocation tables have been derived to
indicate effluent temperature requirements for different effluent discharge rates and river flow rates
(Tables 19 and 20). [Note: since Stanfield, Echo and Athena will not discharge during the critical
season, their thermal waste load allocations for this period are zero.] The values in these tables were
calculated using a variation of the above equation:

2
T, = O.25x{m+l}+TR

E

Where Te is effluent temperature needed to produce % °F increase,
Qe is effluent flow,
Qg is river flow, and
Tr is river temperature.

Because the temperature standard is based upon the 7-day average of the daily maximum temperatures,
the parameters above should also be applied as the 7-day average of the daily maximum values. Note
that the river flow Qg is divided by four (4). The Department believes that any single thermal discharge
should not consume more than one quarter of the available assimilative capacity.

The river and effluent ranges selected for the tables are arbitrary. In arriving at permit limits, permit
writers should expand Tables 19 and/or 20 as needed, using the above equation.

The wasteload allocations in the tables are intended to apply only during the critical season (Section
2.1.1.4). It should be understood, however, that during the non-critical season, effluent thermal
discharges must still not violate water quality standards.

It is likely that the Cities of Pendleton and Hermiston will not have sufficient data to evaluate their options
for complying with the waste load allocations in the tables. The permits revised to implement the waste
load allocations should provide a year or two to collect sufficient flow and temperature data upon which to
make decisions about feasible alternatives.

Waste Load Allocation Permit Preparation

NPDES permits provide for waste load allocation implementation. Permits should be prepared with
effluent limitations so that the loading capacity is met at the edge of the mixing zone during the critical
season: no measurable increase above site potential and background temperatures during the critical
season. The following information is provided to assist permit preparation:

¢ Background, critical season and effluent temperatures can be assessed as the 7-day running average
of the daily maximums.

+ Background temperatures: the temperature of the receiving body of water at any given time, normally
measured just upstream of the mixing zone. In the event of multi-stream influence, such as McKay
Creek and the Umatilla River, background can be calculated from a thermal balance of the two input
flows.

¢ The percent reductions in Table 18 are provided as a general guideline for the amount of reduction
needed to attain the load capacity. Additional reduction may be needed to prevent measurable
increases in the Umatilla River above background temperatures, particularly early and late in the
critical season.
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Surrogate Measures — 40 CFR 130.2(i)

The Umatilla River Basin TMDL incorporates measures other than “daily loads” to fulfill requirements of
§303(d). Although a loading capacity for heat energy is derived [e.g. Langleys per day], it is of limited
value in guiding management activities needed to solve identified water quality problems. In addition to
heat energy loads, the Umatilla River Basin TMDL allocates “other appropriate measures” (or surrogates
measures) as provided under EPA regulations [40 CFR 130.2(i)].

The Report of Federal Advisory Committee on the Total Maximum Daily Load (TMDL) Program” (FACA
Report, July 1998) offers a discussion on the use of surrogate measures for TMDL development. The
FACA Report indicates:

“When the impairment is tied to a pollutant for which a numeric criterion is not possible, or where
the impairment is identified but cannot be attributed to a single traditional “pollutant,” the state
should try to identify another (surrogate) environmental indicator that can be used to develop a
quantified TMDL, using numeric analytical techniques where they are available, and best
professional judgment (BPJ) where they are not. The criterion must be designed to meet water
quality standards, including the waterbody’s designated uses. The use of BPJ does not imply
lack of rigor; it should make use of the “best” scientific information available, and should be
conducted by “professionals.” When BPJ is used, care should be taken to document all
assumptions, and BPJ-based decisions should be clearly explained to the public at the earliest
possible stage.

If they are used, surrogate environmental indicators should be clearly related to the water quality
standard that the TMDL is designed to achieve. Use of a surrogate environmental parameter
should require additional post-implementation verification that attainment of the surrogate
parameter results in elimination of the impairment. If not, a procedure should be in place to
modify the surrogate parameter or to select a different or additional surrogate parameter and to
impose additional remedial measures to eliminate the impairment.”

The following surrogates, as well as the load capacities, are largely dependent on determination of
system potential vegetation. It is acknowledged that a wider range of potential conditions than
considered in this TMDL (due to limited information) is probable. If the definition of potential vegetation
herein is ecologically inappropriate, site-specific potential should be rigorously evaluated to minimize past
and present human impacts. Such determinations should be approved by the land use authority and
ultimately by ODEQ, as the State water pollution control authority.

Surrogate Measure #1: Along the Umatilla River mainstem attain the potential effective shade levels
specified in Figure 37 between the North and South Fork confluence and the Columbia pool.

As mentioned above, a loading capacity of Langleys per day is not very useful in guiding non-
point source management practices. Percent effective shade is a surrogate measure that can be
calculated directly from the loading capacity. Additionally, percent effective shade is simple to
quantify in the field or through mathematical calculations. Figure 37 displays the mainstem
percent effective shade values that correspond to the current condition and the loading capacity
(i.e., system potential).
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As discussed, water temperature warms as a result of increased solar radiation loads. A loading
capacity for radiant heat energy (i.e., incoming solar radiation) is used to define a reduction target
that forms the basis for identifying a surrogate. The specific surrogate used is percent effective
shade (expressed as the percent reduction in potential solar radiation load delivered to the water
surface). The solar radiation loading capacity is translated directly (linearly) by effective solar
loading. The definition of effective shade allows direct measurement of the solar loading
capacity.

Because factors that affect water temperature are interrelated, the surrogate measure (percent
effective shade) relies on restoring/protecting riparian vegetation to increase stream surface
shade levels, reducing stream bank erosion, stabilizing channels, reducing the near-stream
disturbance zone width and reducing the surface area of the stream exposed to radiant
processes. Effective shade screens the water’s surface from direct rays of the sun. Highly
shaded streams often experience cooler stream temperatures due to reduced input of solar
energy (Brown 1969, Beschta et al 1987, Holaday 1992, Li et al 1994).

Over the years, the term shade has been used in several contexts, including its components such
as shade angle or shade density. For purposes of this TMDL, shade is defined as the percent
reduction of potential solar radiation load delivered to the water surface (illustrated in Figure A-
22, Appendix A-4). Thus, the role of effective shade in this TMDL is to prevent or reduce heating
by solar radiation and serve as a linear translator to the solar loading capacities.

Surrogate Measure #2: Along the tributaries attain both the potential effective shade levels specified in
Figure 38 through 40 for the appropriate physiographic/political unit (displayed in Figure 5) and NSDZ.

Figures 38 through 40 are graphs of effective shade vs. NSDZ. The correlative solar loading
reduction is shown as well. For a given channel width (NSDZ width) the amount of effective
shade is a function of stream direction and vegetation height, width and density. The figure
graphs are from this calculation, assuming the system potential vegetation characteristics
described in Section 2.1.1.3.1. To apply this surrogate, compare the actual NSDZ with the graph
NSDZ axis. If shade is less than indicated by the appropriate curve for the stream aspect,
vegetation/trees and bank stability should be promoted. As vegetation matures and the channel
stabilizes, the channel width should reduce, concomitant with increased effective shade,
approaching or following the curve.
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Recall Figure 5. USGS Identified Land Use
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Figure 38. Surrogate Measure #2 Shade Curve — For Tributaries in Forested Lands
(forested Lands are identified by USGS (Figure 5, recalled above)
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Figure 39. Surrogate Measure #2 Shade Curve - Butter Creek, River Mile 20 to Forest
(forested Lands are identified by USGS (Figure 5, recalled above)
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Figure 40. Surrogate Measure #2 Shade Curve — For Tributaries in Non-Forested Lands"’
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Surrogate Measure #3: Umatilla River near-stream disturbance zones should be reduced to the levels
presented in Figure 31. These near stream disturbance zone (NSDZ) reductions should be achieved
primarily via restoration that accompanies healthy riparian vegetation, stable stream banks, fine
sedimentation reductions and improved flow management. Active stream channel restoration should
consider this target by reducing channel constriction and stream bank armoring (dikes, road/railroad
grades, and artificially hardened stream banks). Existing NSDZ widths should not be allowed to increase
even if widths are less than shown in Figure 31, unless greater widths are required for stream stability,
and can be shown to not adversely effect water quality, or lead to water quality degradation.

Near-Stream Disturbance Zone (NSDZ) is defined for purposes of the TMDL as the width
between shade-producing near-stream vegetation. This dimension was measured from Digital
Orthophoto Quad (DOQ) images and where near-stream vegetation was absent, the near-stream
boundary was used, as defined as armored stream banks or where the near-stream zone is
unsuitable for vegetation growth due to external factors (i.e., roads, railways, buildings, etc.).

85 to 110 feet Tall Cottonwoods

The current condition NSDZ is characterized by 4,699 measurements taken at a 100-foot interval
between the Umatilla forks and the Columbia pool (89.6 river miles). Recall that system potential
NSDZ values were described in Section 2.1.1.3.1.
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Recall Figure 31. Umatilla River Near Stream Disturbance Zone Width Target
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Surrogate Measure #4: Width to depth ratios (W:D) throughout the Basin should be reduced to targets
listed in Table 15 or less. These reductions should be achieved primarily via restoration that
accompanies healthy riparian vegetation, stable stream banks, fine sedimentation reductions and
improved flow management. Active stream channel restoration should consider this target by reducing
channel constriction and stream bank armoring (dikes, road/railroad grades, and artificially hardened
stream banks).

Recall Table 15. Rosgen w/d Targets by Stream Type

Stream Type A B C F

w/d Target 7 17 24 29

Surrogate Measure #5: Where feasible and attainable, instream flows should be maintained or increased
during the critical season (at a minimum, June to September) by limiting water withdrawals, improved flow
management, and/or flow augmentation.
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2.1.1.7 MARGINS OF SAFETY — CWA §303(d)(1)

The Clean Water Act requires that each TMDL be established with a margin of safety (MOS). The
statutory requirement that TMDLs incorporate a margin of safety is intended to account for uncertainty in
available data or in the actual effect controls will have on loading reductions and receiving water quality.
A margin of safety is expressed as unallocated assimilative capacity or conservative analytical
assumptions used in establishing the TMDL (e.g., derivation of numeric targets, modeling assumptions or
effectiveness of proposed management actions).

The margin of safety may be implicit, as in conservative assumptions used in calculating the loading
capacity, WLAs, and LAs. The margin of safety may also be explicitly stated as an added, separate
quantity in the TMDL calculation. In any case, assumptions should be stated and the basis behind the
margin of safety documented. The margin of safety is not meant to compensate for a failure to consider
known sources. Table 21 presents six approaches for incorporating a margin of safety into TMDLSs.

Table 21.  Approaches for Incorporating a Margin of Safety into a TMDL

Type of Margin of Safety Available Approaches
1. Set numeric targets at more conservative levels than analytical

results indicate.

Explicit 2. Add a safety factor to pollutant loading estimates.

3. Do not allocate a portion of available loading capacity; reserve
for MOS.

1. Conservative assumptions in derivation of numeric targets.

2. Conservative assumptions when developing numeric model

Implicit applications.

3. Conservative assumptions when analyzing prospective
feasibility of practices and restoration activities.

The following factors may be considered in evaluating and deriving an appropriate margin of safety:

v The analysis and techniques used in evaluating the components of the TMDL process and
deriving an allocation scheme.

v' Characterization and estimates of source loading (e.g., confidence regarding data limitation,
analysis limitation or assumptions).

v Analysis of relationships between the source loading and instream impact.

v’ Prediction of response of receiving waters under various allocation scenarios (e.g., the
predictive capability of the analysis, simplifications in the selected techniques).

v' The implications of the MOS on the overall load reductions identified in terms of reduction
feasibility and implementation time frames.

A TMDL and associated margin of safety (MOS), which results in an overall allocation, represents the
best estimate of how standards can be achieved. The selection of the MOS should clarify the
implications for monitoring and implementation planning in refining the estimate if necessary (adaptive
management). The TMDL process accommodates the ability to track and ultimately refine assumptions
within the TMDL implementation-planning component.
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Implicit Margins of Safety

Description of the margin of safety for the Umatilla Basin Temperature TMDL begins with a statement of
assumptions. A margin of safety has been incorporated into the temperature assessment methodology.
Conservative estimates for groundwater inflow and wind speed were used in the stream temperature
simulations. Specifically, unless measured, groundwater inflow was assumed to be zero. In addition,
wind speed was also assumed to be at the lower end of recorded levels for the day of sampling. Recall
that groundwater directly cools stream temperatures via mass transfer/mixing. Wind speed is a
controlling factor for evaporation, a cooling heat energy process. Further, cooler microclimates and
channel morphology changes associated with late seral conifer riparian zones were not accounted for in
the simulation methodology.

Calculating a numeric margin of safety is not easily performed with the methodology presented in this
document. In fact, the basis for the loading capacities and allocations is the definition of system potential
conditions. It is illogical to presume that anything more than system potential riparian conditions are
possible, feasible or reasonable.

2.1.1.8 WATER QUALITY STANDARD ATTAINMENT ANALYSIS — CWA
§303(d)(1)

Maximum daily mainstem temperatures (displayed in Figure 44) represent the system potential when no
measurable surface water temperature increase resulting from anthropogenic activities occurs.

Simulations were performed to calculate the mainstem temperatures that result with the allocated
measures that form the basis for the system potential condition with no measurable surface water
temperature increase resulting from anthropogenic activities. The resulting simulated temperatures
represent the attainment of system potential, and therefore, attainment of the temperature standard.

During the August 10, 1998 simulation period, 0.8% of the sampled Umatilla River length (89.6 river miles
from the Umatilla Forks to the Columbia pool) was under 64°F. The remaining 99.2% of the Umatilla
River length was above 64°F. 44.8% of the river length is above 72°F which is a thermal condition
considered to be 'incipient lethal' for salmon. Figures 41 through 43 graphically illustrate current
condition and modeled potential temperatures of the Umatilla mainstem, based on August 19, 1998
assessment.

Figure 44 compares the current Umatilla River mainstem temperatures with river temperatures that result
at system potential conditions as a result of the implementation of Surrogate Measures #1 through #4.
The upper graph of Figure 44 is a "box and whisker" plot (refer to appended glossary for explanation of
this graph type) illustrating the system potential temperatures of the large number of reaches simulated,
for the various flow scenarios described below. The lower graph also portrays system potential
temperatures. The lower graph illustrates the proportion of river length within specified temperature
ranges, again according to flow scenario. The system potential river temperatures directly correlate to the
loading capacity (i.e., they are the temperatures that result when the loading capacity is met).
Specifically, the temperatures displayed in Figure 44 as system potential are temperatures that exist
when no measurable surface water temperature increase resulting from anthropogenic activities occurs
(with the exception of improved flow management — Surrogate Measure #5).

“Current Flows” occur when flow conditions are those that were measured during August 10, 1998.
Figure 41 displays the system potential temperatures during this “Current Flow” condition. When the
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system potential is reached (Surrogate Measures #1 through #4) 40% of the river length is below 64°F.
The extent of incipient lethal temperatures (> 73°F) is reduced to 4% of the river length. This reduction in
temperature represents a 91% reduction (or 35.0 river miles) in terms of the extent of incipient lethal
temperatures.

“Natural Flows” occur when there is no flow augmentation from McKay Reservoir, no water withdrawals
and no irrigation return flows. Figure 42 displays the system potential temperatures during this “Natural
Flow” condition. The percentage of the Umatilla River below 64°F in the system potential “Natural Flow”
condition is 22%. However, temperatures do not exceed 73°F throughout the entire mainstem.

“Flow Augmentation” occurs when there is flow augmentation from McKay Reservoir, no water
withdrawals and no irrigation return flows. Figure 43 displays the system potential temperatures during
this “Flow Augmentation” condition. The extent of temperatures below 64°F in the system potential with
“Flow Augmentation” condition is 61%. An additional 35% of the Umatilla River was between 64°F and
68.5°F. Temperatures do not exceed 73°F throughout the entire Umatilla River. [NOTE: the term 'flow
augmentation' is used generally to address releases from McKay reservoir that are greater than un-
impounded streamflow - this Chapter does not employ a contractual or project-based definition of the
term]

Spatial distributions of the predicted temperatures for the various flow conditions are presented in Figure
44. System potential (Surrogate Measures #1 through #4) with maximum potential flows achieve the
greatest temperature reductions. In all scenarios, the distribution of incipient lethal temperatures is
dramatically reduced from the current condition.

Figure 41. Attainment of Surrogate Measures 1-4 with Current Flow Conditions (8-10-98)
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Figure 42. Attainment of Surrogate Measures 1-5 with Natural Flow Conditions (8-10-98)
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Figure 43. Attainment of Surrogate Measures 1-5 with Flow Augmentation (8-10-98)
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Figure 44. Umatilla River Mainstem Simulated System Potential® Temperatures
Three Flow Regimes (89.6 River Miles) 4:00 PM August 10, 1998
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9 System potential is the combination of all the surrogate measures (near stream vegetation restoration,
near stream disturbance zone width reductions and width to depth ratio reductions).
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2.1.2 SEDIMENT TMDL

This sediment TMDL specifies an amount of suspended-pollutant load reduction calculated to achieve
turbidity levels that are protective of salmonid feeding and respiration. This TMDL is designed to
implement the turbidity water quality standard by explicitly targeting turbidity and the sedimentation
standard by reducing the amount of suspended material available for settling. It allocates pollutant loads
among sources in the watershed, and provides a basis for implementing land management practices
needed to restore water quality.

2.1.2.1 TARGET IDENTIFICATION

This section identifies the target that the sediment TMDL is based on. A numeric target for turbidity is
established in this section, providing a quantitative endpoint for TMDL establishment. A quantitative
measure of sedimentation (the impairment is excess deposition of fine sediment in the streambed) is
discussed in Section 2.2.

2.1.2.1.1 Sediment Related to Aquatic Life

Excessive suspended material and sedimentation threatens the survival of fish and other aquatic animals.
The effects of turbidity and suspended solids include: respiratory and feeding impairment, social
disorganization. Excessive fine sedimentation in spawning grounds limits available oxygen and removal
of metabolic toxins near eggs and physically renders spawning sites less suitable. Literature and effects
are discussed in Section 2.2 and Appendix A-5.

2.1.2.1.2 Sensitive Beneficial Use Identification

Oregon Administrative Rule (OAR) 340-41-642 states: “Water quality in the Umatilla River Basin shall be
managed to protect the recognized beneficial uses as identified in Table 11 of the OAR.” These
designated beneficial uses are listed in Section 1.3.1. Salmonid spawning is generally the most sensitive
use relevant to sediment, and has been identified as a beneficial use from the Umatilla River at Mission
(Rivermile 61.5) to the mouth from November 1 through April 30 and in the middle and upper Basin
August 1 through June 30 (see Figure 9).
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Recall Figure 9a. Umatilla Basin Salmonid Spawning Areas and Timeframes

UMATILLA SUB-BASIN salmonid 5pawning

Cold Springs

Sand

oeasonal Application

Mow 1 - Apr 30

Aug 1 - Jun 30

Febh15-Jun 30

The map of attainable spawning areas illustrates the areas and seasons in which salmonid spawning is
considered attainable in the Umatilla Basin, as determined by fish biologists from the Oregon Department
of Fish and Wildlife, The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) and the U.S.
Forest Service (Umatilla National Forest).

2.1.2.1.3 Water Quality Standard Identification

Table 22 lists the State of Oregon water quality standards for sediment and turbidity:

Table 22. Applicable Sedimentation, Turbidity and Biological Criteria Standards

Sedimentation (OAR 340-41-645(2)(j) — “The formation of appreciable bottom or sludge deposits
or the formation of any organic or inorganic deposits deleterious to fish or other aquatic life or
injurious to public health, recreation, or industry shall not be allowed.”

Biological criteria (OAR 340-41-027) - “Waters of the State shall be of sufficient quality to support
aquatic species without detrimental changes in the resident biological communities.”

Turbidity (OAR 340-41-645(2)(c)) - “No more than a ten percent cumulative increase in natural
stream turbidities shall be allowed, as measured relative to a control point immediately upstream
of the turbidity causing activity.”
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2.1.2.1.4 IDENTIFICATION OF WATER COLUMN ENDPOINTS

The Environmental Protection Agency (EPA) and the State of Oregon do not have numeric water quality
standards for suspended solids or streambed fines. The applicable standards (previous section) are
relative or narrative.

The sediment-related water quality impairments were identified (Clean Water Act Section 303(d) list)
based on streambed surface area percent fines and greater than ten percent increase in mainstem
turbidity caused by mid-basin tributaries. While numeric data and professional judgement (Umatilla Basin
TMDL fishery managers & Technical Committee) indicate the need for sediment reduction, these data do
not lend themselves to load calculations. An endpoint that could be related to sediment loading and
evaluated with available data was sought.

The Umatilla Basin fisheries managers determined through basin-specific knowledge and literature review
that 30 nephelometric turbidity units (NTU) instream turbidity (not to exceed a 48-hour duration) is
protective of aquatic species and will not be detrimental to residential biological communities. Appendix
A-5 includes a basin fish managers report which supports this conclusion. This target is applicable basin-
wide and year-round. To visualize water quality impairment resulting from 30 NTU turbidity, imagine
looking through a six-inch column of water and seeing lines of newsprint but not being able to read the
words.

It should be noted that there are inherent difficulties in linking turbidity and TSS to physical and biological
processes and in measuring these variables and their effects. Upland erosion, deposition and delivery to
the stream as well as instream sediment erosion, transport and deposition are highly variable processes.

In order to express the water column sediment TMDL in terms of mass load, regressions were calculated
to evaluate the association between total suspended solids (TSS, described in the next section) and
turbidity. The TMDL applies to the 14 watersheds comprising the Umatilla Basin. The regression
analyses were done for all watersheds where data was available. The TSS correlative to 30 NTU
turbidity was calculated as the TMDL target concentration for those watersheds. Where data was not
collected, a Basin-wide mean calculated from all of the TSS and turbidity data collected in the Umatilla
Basin was utilized as the watershed target. The following table lists the watersheds with their associated
TSS target concentration:

Table 23. Watershed Target Concentrations/Loading Capacities
TSS Target (mg/L) @ 30 NTU Turbidity
Watershed

Upper Umatilla River 76
Meacham Creek 60
Squaw/Buckaroo 99
Pendleton 80
Wildhorse 86
Tutuilla 70
McKay 72
Birch 110
Butter 110
Gulches and Canyons 80*
Stage Gulch 80*
Sand Hollow 80*
Cold Springs 80*
Lower Umatilla River 77

*

Basin-wide mean of 80 mg/l
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2.1.2.2 DEVIATION FROM WATER QUALITY STANDARDS
(SEDIMENTATION AND TURBIDITY STANDARDS)

Tables 24 and 25 summarize the stream segments on the 1998 §303(d) list for sedimentation and
turbidity, and Figures 45 and 46 map these segments. Oregon’s §303(d) list and its supporting data
references can be publicly accessed through the Oregon Department of Environmental Quality web page
at the following URL: http://www.deq.state.or.us. Relevant Oregon State water quality standards are
printed in Appendix A-7.

Table 24. Segments on the 1998 §303(d) List for Sedimentation
Waterbody Name Boundaries
Beaver Creek Mouth to Headwaters
Birch Creek, West Fork Mouth to Headwaters
Boston Canyon Creek Mouth to Headwaters
Coonskin Creek Mouth to Headwaters
Cottonwood Creek Mouth to Headwaters
Line Creek Mouth to Headwaters
Little Beaver Creek Mouth to Headwaters
Lost Pin Creek Mouth to Headwaters
McKay Creek, North Fork Mouth to headwaters
Meacham Creek East Meacham Creek to Headwaters
Mill Creek Mouth to Headwaters
Mission Creek Mouth to Headwaters
Moonshine Creek Mouth to Headwaters
Rail Creek Mouth to Headwaters
Sheep Creek Mouth to Headwaters
Twomile Creek Mouth to Headwaters
Umatilla River Wildhorse Creek to Forks
Table 25. Segments on the 1998 §303(d) List for Turbidity
Waterbody Name Boundaries
Umatilla River | Mouth to Mission Creek

Figure 45. Segments on the 1998 §303(d) List Figure 46. Segments on the 1998 §303(d) List
for Sedimentation for Turbidity

L
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2.1.2.3 POLLUTANT

Turbidity is the pollutant that the sediment TMDL is based on. Turbidity was then related to TSS,
producing a concentration based endpoint for the TMDL.

Turbidity and TSS provide an indication of upstream sedimentation processes through observing the
amount of suspended material in the water column through gravimetric (TSS and TS — e.g. mg/L) and
visual (turbidity — e.g. NTU (nephelometric turbidity units)) methods. Turbidity is a direct measurement of
the relative level that suspended matter interferes with the passage of light through water. However,
because the TMDL is best expressed as a mass load, total suspended solids (TSS) is the constituent
used as a surrogate for turbidity in this TMDL. TSS and turbidity are variously correlated for Umatilla
Basin streams (typically correlation coefficients were greater in the 1998-1999 winter, see regression
analyses in Appendix A-6).

Samples for TSS are well mixed and filtered through a 0.45-micron standard glass fiber filter and the
residue is dried to a constant weight in an oven held at 103°C - 105°C. The increase in weight over that
of the filter represents the total suspended solids (Standard Methods, 18" Edition). The TSS represents
the fraction of total solids suspended in the water column.

Turbidity is a measure of cloudiness in water. In streams, turbidity is usually associated with suspended
particles, but can also be caused by the presence of organic matter. The analytical method (Standard
Methods, 18" Edition) is based on a comparison of the intensity of light scattered by the sample under
defined conditions to the intensity of light scattered by a standard reference suspension under the same
conditions. Readings, in Nephelometric Turbidity Units (NTU’s), are made on a Nephelometer designed
according to standard specifications. Turbidity was measured to provide a simple indirect measure of
suspended sediments in streams. Stream turbidity is often closely related to TSS, however the specific
relationship varies, depending on several factors including the solids type and size. Because of these
interrelationships, the impact of suspended solids and turbidity on aquatic life are often evaluated
together.

In addition to these water column effects, many streams of the Umatilla Basin have unusually fine-grained
streambeds. Fine-grained streambeds are a result of the dominant grain size produced from weathered
basalt and unconsolidated loess deposits, the dominant geology in the Basin. Land uses can accelerate
production of stream fines. Sources include streambank erosion and uplands that resulted in the
sedimentation 303(d) listing. An increased amount of fine-grained sediment comprising the streambed
can impair salmonid spawning through reduction of dissolved oxygen adjacent to eggs, reduction of pore-
space circulation needed to remove metabolic wastes associated with redds, and reduction of the gravel
armoring needed for protection during emergence. It is not feasible at the sub-Basin scale to predict the
reduction in the amount of erosion necessary to quantitatively improve the streambed grain-size
distribution. However, reduction of fine sediment entering the stream is expected to improve the condition
and long-term monitoring will support evaluation of the needed reduction. A method (Wolman pebble
counts) and goals for evaluation of streambed fines are discussed in Section 2.2. This sediment TMDL,
though calculated based on suspended material, supports improvement to the streambed as well.
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2.1.2.4 LOADING CAPACITY

Identification of the instream sediment loading capacity is the first step for the development of TMDLs.
The loading capacity is defined as the greatest amount of a pollutant that water can receive without
exceeding water quality standards.

Section 2.1.2.1 states that instream target concentrations for TSS, necessary to protect beneficial uses,
were calculated for 14 Umatilla Basin watersheds. The loading capacities for the individual watersheds
are the target concentrations and are included in Tables 23 and 26.

2.1.2.5 LOAD ALLOCATION DEVELOPMENT AND APPLICATION

A Load Allocation (LA) is the maximum amount of pollutant that natural and non-point sources can
contribute to a stream in compliance with State water quality standards. The sediment erosion load
allocations for the Umatilla Basin are expressed as percent reductions for the individual watersheds.
Figure 47 illustrates the percent of the total erosion reductions necessary to achieve the TSS target
concentrations from upland runoff and streambank sources for each of the watersheds. Upland refers to
land area outside of stream channels and banks. Streambank contributions to the total load result from
unstable banks. The allocations apply to urban (including rural and unincorporated residential,
commercial and industrial), agriculture (farming and ranching including range and cropland), and
transportation land uses. Each land use authority is responsible for the watershed percent reduction
throughout the land area where their land use predominates.

This TMDL establishes goals for streams within the Umatilla Basin that are not currently on the Oregon
1998 303(d) list. This is consistent with State and Federal TMDL implementation law and policy. Un-
listed streams are addressed because upstream improvements are needed to lessen mid-lower Umatilla
River mainstem turbidity and sedimentation. Various causes of impairment are readily observed
throughout the Basin (turbid waters, excess streambed fines, unstable streambanks, rill and gully erosion;
channelization, bank and upland disturbance). Un-listed areas are lacking in-stream data, and were
characterized by comparison with adjacent watersheds.

2.1.2.5.1 Load Allocations

Figure 47 presents the load allocations for upland and streambank erosion.
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WATERSHED SEDIMENT LOAD
ALLOCATIONS
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Figure 47 illustrates the upland and streambank percentages of the total erosion reduction necessary to
meet the instream target concentrations. The allocations are based upon modeled conditions and used
rainfall and stream gage data collected during a storm that occurred in late December, 1998. The model
simulates streamflow and surface runoff coinciding with this precipitation event, throughout the Basin.
This is important because stream gage and runoff data are limited in spatial extent. As a model basis,
this event is referred to as a design storm. This storm increased Umatilla River flow to approximately 1.5
times its bankfull discharge below Pendleton. The percentage reductions in loading were calculated
using design storm event-mean instream TSS concentration model output.

Sediment sources can be placed into three general categories: Sediment derived from fields and slopes
(referred to here as upland erosion), streambanks, and mass wasting. The first two are addressed via the
load allocations (Figure 47, Table 26). Mass wasting, including landslides and debris flows, is
considered to be a lesser source of sediment and is not assigned a load allocation (assessed in Section
2.1.2.8.3). Two other important quantities that are reflected in the load allocation analysis are the
sediment transported to streams and the load carried in streams. Upland erosion and the amount
delivered to the stream are not the same due to factors such as downslope storage, but the two are
related via a watershed-specific delivery ratio. Upland erosion is characterized by the Modified Universal
Soil Loss Equation (MUSLE, described below). This calculation is refined by calibration to measured in-
stream TSS at the mouth of each watershed where both streamflow and TSS data were collected. The
streambank contribution is a separate calculation utilizing empirical relationships of model output
hydrology and TSS and non-forested watershed area.

Another category of sediment position is in-channel storage and release. In-channel sediment is partly an
outcome of the balance between deposition and re-suspension, broadly accounted for by the model
calibration of soil loss to in-stream total suspended solids. It is assumed in the allocation that in-channel
sediment is not generally a significant anthropogenic source of sediment or that it will be sufficiently
controlled by attainment of the load allocations.

2.1.2.5.2 Load Allocation Determination Summary

Outlined below are the steps used for determining the load allocations:

e Current upland erosion (mass per area) was calculated using the MUSLE and calibration to
streamflow and instream TSS measurements from two consecutive winter monitoring surveys, 1997-
1998 and 1998-1999 (conversion to TSS is based on a delivery ratio and mass balance). This
calibration provided the basis for simulating specific storm events and predicting sediment loss in the
basins lacking sufficient data to otherwise account for.

e The design storm condition (December, 1998 — approximating 1.5 bankfull flow) was modeled
providing upland erosion and instream TSS outputs.

e Design storm instream TSS (mg/L) was compared to instream target concentrations.

o Total erosion reductions necessary to achieve instream target concentrations were calculated for the
14 watersheds (TSS reduction needed to achieve target).

e Streambank contribution was evaluated using MUSLE calibration hydrology and TSS trends and non-
forested rivermiles (method below).

The total erosion reduction percentages, percentage of total erosion reduction for the upland and
streambank erosion components, and storm event mean TSS concentrations are detailed in Table 26
(additional detail on the load allocation calculations is included in the following sections).
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Table 26.  Water Column Sediment TMDL Summary
TSS Design Storm  Upland Streambank
Modeled Loading Total Erosion Component Component
Event Mean Capacity Percent Percent of Percent of Total
Watershed TSS (mg/L) (mg/L) Reduction Total Reduction Reduction
Upper 14 76 None None None
Umatilla
Meacham 34 60 None None None
Squaw / 652 99 85 33 52
Buckaroo
Pendleton 279 80 72 39 33
Wildhorse 1694 86 95 22 73
Tutuilla 1599 70 96 38 58
Mckay 251 72 72 33 39
* * *
Birch 376 110 71
Butter 1186 110 91 9 82
Guilches / 2560 80 97 10 87
Canyons
Stage Gulch 656 80 88 23 65
* * *
Sand Hollow 1115 80 93
Cold Springs 1295 80 94 17 77
Lower Umatilla | 36 77 None None None

2.1.2.5.2.1 DESIGN EVENT MAGNITUDE

The load allocations are based on a storm of specified intensity, referred to as a design storm. The total
percent reductions illustrated above were calculated for a design storm that exceeded Umatilla River
bankfull flow. For example, 1.5 times the bankfull flow of the Umatilla River near Umatilla gage (rivermile
2.1) is 4710 cfs, with an average recurrence interval of 1.25 years, and the design storm flow peaked at
4780 cfs. This design condition was chosen because the bankfull stage is defined as the incipient
elevation of flooding; the elevation of the water just before it begins to spread out onto the floodplain.

*

Streambank and upland erosion are not separately accounted for in these watersheds. Model
characterization of streambank erosion in these watersheds was limited by local low flow associated with
the design storm. In order to simulate real conditions as closely as possible, the design storm was based
on an actual event as discussed in the text. Storm intensity and runoff varies significantly across the
land, particularly over large regions with complex topography such as the Umatilla Basin. As in all of the
Umatilla Basin watersheds, the eroding streambank management goal (Section 2.1.2.6.1.1) serves as a
streambank goal. The upland component can be estimated by averaging adjacent watershed reduction
values. This leads to upland erosion reduction goals of approximately 10% and 30% for Sand Hollow and
Birch Creek, respectively.
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Thus the TMDL considers flood effects. Modeling of significantly larger flows would result in increasing
uncertainty and dramatic masking of surface runoff by bank sources.

2.1.2.5.2.2 MODEL DESCRIPTION

A GIS-based Modified Universal Soil Loss Equation (MUSLE) model was used to determine the load
allocation reductions by estimating the spatial distribution of sediment loads across the entire Umatilla
River Basin. The model provided quantitative estimates of 1) hydrology, 2) sediment transport, and 3) an
estimate of the sediment (TSS) yield necessary to meet the basin-specific instream targets.

The model estimates a hydrologic budget (SCS method and Rational Formula) and applies the MUSLE to
estimate upland erosion. A delivery ratio, which is a function of watershed area, is used to calculate the
sediment delivered to streams.

The model is applied to the winter to evaluate the dominant precipitation and snowmelt events. MUSLE
characterizes an event that causes increases in overland flow resulting in upland erosion that delivers
sediment to the stream. A simplified streambank erosion factor was developed to account for stream
bank erosion during major storm events.

The Umatilla Sediment Model code was written in Arcinfo Arc Macro Language (AML) to run using GRID
(ESRI, 1990). The input databases include:
e Watershed delineation
Land Cover
Soils (Slope, Hydrologic Soil Group, Soil Erodibility [K])
Hydrography (used for creating buffer zones)
Snow deposition patterns

Daily data (approximately 120 days in 1998 and 110 days in 1999) for rainfall and temperature was used
in the model.

The spatial resolution of the data is 984.1 square meters and there are over 120,000 cells in the Umatilla
River Basin. The GIS processing was performed with Arcinfo version 7.2.1 on an NT 4.0 workstation with
384 MB of RAM and 50 GB of local disk storage.

2.1.2.5.2.3 MODEL CALIBRATION, ASSUMPTIONS AND LIMITATIONS

Uncertainty exists in all modeling activities and needs to be evaluated and assessed during the modeling
process. Simulations of varying precipitation and air temperature were conducted to assess the model
sensitivity to climate. The Umatilla sediment model was calibrated to measured sediment loads and
concentrations for eight watersheds in the Basin. The model was calibrated to fit this data set (8
watersheds) so that the model could be used in areas where data had not been collected.

This model does not address several specific sediment mechanisms including bedload transport and
mass wasting. There is also variability in the precision and accuracy of the TSS data used for model
calibration. The ODEQ Laboratory data precision goal for TSS and turbidity is plus or minus 10%. The
data accuracy goal is 1.0 mg/L for TSS and 1.0 NTU for the turbidity analysis.

It is recognized that there is a lag-time between upland soil loss and delivery to streams. The calculation
herein relates current upland soil loss to current instream suspended sediment load. After practices are
changed, substantial time may elapse prior to instream load reduction, due to ongoing contributions from
legacy sediment at bases of slopes, floodplains and channel banks. Re-evaluation of needed levels of
erosion reduction through time may be needed.
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Hydrology Model: Peak Flow — Rational Method

One of the most widely used methods for estimating peak flow in un-gaged watersheds is the Rational
Method (Pilgrim and Cordery, 1993; Gray, 1990). The form of the equation is:

Qp=CIA

Where,

Qp = peak flow in cfs

C = runoff coefficient

A = area in acres

| = rainfall intensity in inches/hour

Hydrology Model: Flow Volume — SCS Method

The upland runoff volume was estimated using the Soil Conservation Services (SCS) runoff depth
estimation (USDA, 1973; Maidment, 1993):

Q= (P-0.2S)’/ (P+0.8S)

Where,

Q = runoff depth in inches

P = rainfall in inches

S = storage parameters = 1000/CN - 10

CN = curve number which is a function of land use (see McCuen, 1998 for Curve
Numbers)

Hydrology Model: Snow Melt — Temperature Index

Snow melt was estimated with a temperature based index. The equation used for the Basin is:
SM=MT,ifT>38°F

Where,

SM = snow melt in inches

T = temperature in degrees Celsius

M = melt factor coefficient (approximately 2 degrees Celsius)

The snow melt model was tested at the SNOTEL sites and had high correlations (r2> 0.90 for 5 sites; df >
110).

Hydrology Model: Runoff - Flow Movement

The travel time of water was estimated by kinematic wave routing (Henderson and Wooding, 1963;
Novotny and Chesters, 1981). Travel time (or time of concentration):

Tc=6.9 [(d n *®)/(i ** 8°%)

Where,

Tc = overland flow travel time in hours
n = manning overland flow coefficient
S = Slope in percent

i = rainfall intensity in mm/hour

d = distance of overland flow in meters
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The distance of the overland flow path was estimated based on buffer zones away from the hydrography.
Water that had travel times greater than 24-hour increments were partitioned into future days. No re-
freezing processes were incorporated into the model. Travel times greater than 168 hours (> 7 days)
were assumed to be recharging the deep aquifers.

Erosion Model: Slope — Length Estimates
Slope-length was estimated from slope, using the equation proposed by Moore and Burch (1986):
LS = (area/22.13) °* (sin(S)/0.0896)

Where,

LS = length of slope

area = polygon area in hectares
S = slope in percent

Novotny and Chesters (1981) also provide nomographs for verifying the LS parameters,
Erosion Model: Modified Universal Soil Loss Equation

Estimates of erosion were generated using the Modified Universal Soil Loss Equation (Williams and
Berndt, 1977;Shen and Julien, 1993). This is an event based modified version of the Universal Soil Loss
Equation (USLE) originally formulated by Wischmeier and Smith (1965). The general form of the MUSLE
model is:

Y =11.8(Qp Q)**K LS CP

Where,
Y = event soil loss (tons/hectare)
Qp = peak runoff (m*/sec)
Q =event runoff volume (m°)
K = soil erodibility
LS = slope — length
CP = a cropping/erosion factor (used in calibration)

Data for the soil erodibility (K was obtained from the detailed soil data surveys from Umatilla and Morrow
County (SSURGO Digital Data Bases, USDA)).

Erosion Model: Sediment Delivery

The amount of total suspended solids transported in a stream is not necessarily the same as the upland
erosion due to the contribution of stream bank erosion and hill-slope storage of upland sediment. The
delivery ratio is a percentage of upland sediment reaching the stream. Roehl (1962; Novotny and Olem,
1994; Fraiser, et al 1996) has demonstrated that the fraction of sediment delivered is inversely related to
the drainage area with the following formula:

Yor = 2.04 A 0%
Where,
Ypr = delivery ratio
A = area (square miles)

Erosion Model: Streambank Contributions

Streambank erosion in the Umatilla Basin is a significant source of sediment. This is apparent in agency
habitat surveys, monitoring observations, and is reflected in flow and TSS data patterns. Streambank
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sources are typically difficult to incorporate in non-point source models due to the scale of the data
required and the stochastic nature of the stream bank erosion process. Therefore, an empirical analytical
approach was chosen to characterize the relative sediment input from streambanks.

Relatively high streamflow causing streambank erosion was determined to be a function of watershed
area. Plots of measured instream TSS data and flow over time using the winter 1997-1998 and 1998-
1999 data were visually inspected to estimate the flow magnitude at which streambank erosion
contributions begin to occur (flow levels above which TSS/flow ratio abruptly increases). These flows
were plotted against non-forested watershed area. Forested areas exhibit dramatically lower
concentrations of TSS, generally less than the levels of concern. The statistical relationship between
observed flows causing bank erosion and non-forested watershed area (expressed as percentage of total
watershed) had a strong statistical relationship (r2=0.97; S.E. =91.98, Figure 48):

Bcfs = 1265-12.6NF
Where,

Bcfs = discharge when stream bank erosion occurs
NF = Non-forested watershed / total watershed area (in percent)

Figure 48. Bank Erosion Threshold vs. Non-forest Land use
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Plots of measured
instream TSS and flow over time using the winter 1997-1998 and 1998-1999 data were visually inspected
to estimate a streambank erosion factor; the multiplier used to account for the TSS contributed by
streambank erosion (Y axis in Figure 49). A linear estimation of severity of TSS increase above the 'Bcfs
described above was assigned. This bank erosion factor as a function of non-forested rivermiles was
estimated by a regression analysis (Figure 49) (r2=0.98; S.E.=0.38):

EFm = 1.24+0.0208RM

Where,
EF., = stream bank erosion factor as a function of non-forested rivermiles
RM = river miles in non-forested areas
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Figure 49. Bank Erosion Factor vs. Non-forest Rivermiles
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To obtain the streambank portion of the load allocation, the modeled sediment yield to the stream from
upland erosion was multiplied by the stream bank erosion factor (EF,,) during periods when the bank
erosion initiating discharge (Bcfs) occur.

2.1.2.5.3 Seasonal Variation

The annual Umatilla River monthly discharge is uni-modal, dramatically peaking in April (enclosure
below). Average monthly flows in excess of 500 cubic feet per second occur December through May.
The TMDL design storm runoff has a high probability of occurring in this time frame. Seasonable
variability is accounted for by basing the load allocation on an event that is seasonally dependent. It is
important to recognize that erosion control requires measures that are implemented throughout the year,
e.g., restoration of riparian vegetation.
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Enclosure. Umatilla River flow statistics for Pendleton
(from Umatilla River Basin Data Review, ODEQ, 1998)

Umatilla River (€ Pendieton)

USG5 #14021000
Drainoge Area: 637 5q, miles .
Period of Record: 1934 10 1989 Average Flow Seasonality
, Average Flows by Month ] 4%
ATy i Bi1200
b/ £
g8 -
b F1000
A >
§-. 5 poo
v -g
& 2 0
¢ 3
E;I 1339 £ 400
& 882 %
. Y § 20
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i%iz Vep b 44 !
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Low Flow Statistics (CF5) High Flow Statistics (CFS)
Refurn
Period Yeorly 1 Day 7 Day 14 Day 1 Day 7 Day 14 Day
(years}  Probability Flow Flow Flow Flow Flow Flow
1 100,04 644 69.2 725 1550 1152 825
2 50.0% 257 28.8 308 4228 2,614 2,140
5 200% 207 215 249 6.500 3,496 2,888
10 10.0% 189 216 226 8,262 447 3342
25 40% 174 201 206 10797 5517 3876
50 20% 165 192 194 1291 6,345 4,253
100 10% /A N/A N/A h/A N/A N/A

2.1.2.6 APPLYING AND LINKING LOAD ALLOCATIONS

2.1.2.6.1 Streambank Stability Goal

A management planning goal of 25 percent eroding streambank... is expected to fulfill the
streambank component of the sediment load allocations.

A regression analysis was performed using available data comparing 95" percentile TSS and reach-
averaged percent eroding streambank. The data was collected from sites on the Umatilla River,
Buckaroo Creek and Mission Creek. The regression model predicts that the basin-average 80 mg/L TSS
target would be achieved at a percent eroding streambank goal of approximately 25 percent. This
indicates that a management planning goal of 25 percent eroding streambank is desirable (Figure 50).

The percent eroding streambank data used in this analysis are an average of many data points for each
stream reach.
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Figure 50. Percent Eroding Streambank versus TSS
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A large variety of potential upland sediment reduction measures are available; most are difficult to
quantify in terms of achieving load allocations. Best judgement, best science and long term monitoring
must be employed to assess attainment of upland load allocations. Implementation goals should be
developed by land managers (e.g., road density, maximum gully cross-section, and percent ground
cover).
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2.1.2.6.3 Delineating Upland and Streambank Load
Allocations

Sediment streambank load allocations apply to both perennial and non-perennial streams. Non-perennial
streams are included because sediment delivery predominates during the winter and spring runoff
season. Ephemeral streams (less than 30 days of flow) can be managed under either the upland runoff
load allocation or through practices such as re-vegetation that meet the sediment streambank load
allocation.

The upland allocation applies across the landscape outside of stream channels. Both upland and
streambank load allocations must be implemented in order to meet water quality goals.
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2.1.2.6.4 Linking Sediment and Temperature Load
Allocations

Non-point source improvements that reduce temperature generally also reduce erosion. Near-stream
load allocations can be related as follows, for streams where the temperature load allocations apply
(perennial streams):

O Surrogate Measures #1 and #2 in the Temperature TMDL promote riparian conditions that will
increase near-stream (stream bank) area resistance to erosive energy (shear stress) and may reduce
local shear stress levels. Specifically, the restoration/protection of riparian areas called for in the
temperature TMDL will serve to reduce stream bank erosion by increasing stream bank stability via
rooting strength and near-stream roughness.

O Surrogate Measures #2 and #3 in the Temperature TMDL targets a decrease in the near-stream
disturbance zone dimension that relies primarily on passive stream narrowing via decreased stream
bank erosion and increased naturally occurring stream bank building processes.

O Surrogate Measure #4 in the temperature TMDL targets decreased channel width to depth ratio.
Specifically, increased pool frequency is an important component of stream habitat and healthy
channel morphology, and promotes reduced stream temperatures. And, reduced stream bank erosion
and increased stream bank building processes are necessary to promote this condition. Further,
erosion reduction via the sediment TMDL leads to reduced sedimentation (the accumulation of
sediments in the stream channel) that will assist pool development and maintenance.

Both the sediment TMDL allocation of reduced streambank erosion and the channel/stream width
reduction surrogates of the temperature TMDL are outcomes that, through much of the basin, will be met
by implementing the effective shade goals of the temperature TMDL (surrogates 1 & 2). It is important to
recognize that implementation of these surrogates both requires and leads to width reduction. It is also
important to recognize that similar work on non-intermittent streams is needed for implementation of the
sediment TMDL and the associated sedimentation reduction will support downstream morphology needed
for achievement and maintenance of decreased temperature. The temperature and sediment TMDLs
can be entirely achieved through increased riparian vegetation (including canopy vegetation), increased
space for sinuosity/channel stability, floodplain reconnection where feasible; and increased upland
groundcover.

2.1.2.7 MARGIN OF SAFETY

The Clean Water Act margin of safety requirement and eligible approaches are described in Section
21.1.7.

The MOS for this TMDL is implicit.

¢ spatially overlapping allocations are set for multiple parameters (temperature, sediment,
bacteria, nutrients) that will are simultaneously addressed with similar management
measures

+ sediment parameters are addressed in the long-term monitoring plan (Section 3.5.4)

¢ best professional judgement (Umatilla Basin TMDL Technical Committee) indicates that the
sediment TMDL, in watersheds with large upland reduction load allocations, will be
challenging in terms of feasibility

The MOS used for the point source WLAs is inherent in the effluent target concentration. The effluent
target concentrations are set so that no dilution/mixing zone is required to meet the instream
concentration (Section 2.1.2.9). This is a conservative approach because the river flow normally
provides a significant amount dilution for the effluent.
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Sources of instream sediment considered in the development of the Umatilla Basin TMDL include
uplands, roads, streambank and the channel bed. Due to the lack of information on sediment delivery
from roads and instream bedload, it is recommended that monitoring provisions be established to
determine the relative magnitude of the source(s).

2.1.2.8 EXISTING SOURCES

2.1.2.8.1 Composite TSS Data Review

Data presented in the following longitudinal box plots plot (refer to glossary for explanation of "box and
whisker" graphs) were collected during a sediment survey that was planned and conducted by the
Umatilla TMDL Technical Committee. The data were collected from December 1997 to May 1999, at
several key monitoring sites on the mainstem Umatilla River and tributaries. The composite samples
were collected with fixed-tube automated samplers programmed to combine four sub-samples each 24-
hour period, collected at six-hour intervals, January through April or greater duration. Sample tube inlets
were approximately six inches above the streambed.

The daily composite TSS data presented in Figures 51 and 52 were collected during the winter/early
spring of 1997-1998. That period had little or no rain on snow/ice so the TSS data may not be indicative
of concentrations that would be seen during a more typical winter/early spring. The observed Umatilla
River TSS indicates a significant increase in concentrations below the Mission site (Rivermile 61.5,
Figure 51).

Figure 51. Longitudinal TSS - Mainstem Umatilla River
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The 90" percentile TSS value for Wildhorse, Tutuilla, Birch, and Butter Creeks exceeds the 80 mg/L TSS
basin-average target concentration (Figure 52). This is an important observation that indicates the
tributaries are significant sources of TSS load to the Umatilla River.
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Figure 52. Longitudinal TSS — Tributaries

LMATILLAE RIVER MOJER TRIBUTARIES
WINTER 1998 TOTAL SUSFENDED SOLIDS
T T | I T T T T

| ] T i ] T 1
Vg HARARY - GAR L
18005 -
— E E
i r .
- - -
Eﬂ L 43 [84% i
ile Edl

Vi b rer i
b - tae3 E
g L 4
i 1060 |- =
o E W:r" i‘g; E
g - ]
= I ey A
IE.‘I %= =
[ = 3
P = 3
) - Vi sion. -
_ - —

=i Birdh
= L= 3
= = Vil dharse 3
- Bater =
o Bukaoo MKy ]
o Meadhan TFuhlla -

L 1 L 1 1 1 r 1 1 1 L | 1 1 L L 1 1
[ a5 i ET] =5 q B an 10
RIVER FIILE

Figures 53 through 56 are selected plots of the daily composite turbidity measurements gathered from
Umatilla River sites during surveys of winter 1997-1998 and 1998-1999. It should be noted that winter
1997-1998 had less than average precipitation and runoff due to snow melt so the data do not represent
worst-case conditions. Larger runoff events occurred in 1998-1999. A line is drawn at 30 NTU turbidity
on the plots to indicate the TMDL target. Figures 53 and 54 represent 1997-1998 data. Figures 55 and
56 represent 1998-1999 data. The figures present mainstem data first followed by tributary data. Note
that where maximums exceeded 100 NTU the turbidity axis is logarithmic.

These graphs illustrate the observed spatial and temporal extend of turbidity exceedances of the 30 NTU
target.
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Figure 53. Turbidity vs. Time, Umatilla River Daily Composite Samples (Winter 1997-1998 )
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Meachum Creek at USGS Gauge (River Mile 0.5

Wildhorse at Mouth (River Mile 0.25
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Figure 54. Turbidity vs. Time, Basin Tributaries Daily Composite Samples (Winter 1997-1998 )
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Figure 55. Turbidity vs. Time, Umatilla River Daily Composite Samples (Winter 1998-1999 )
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Figure 56. Turbidity vs. Time, Basin Tributaries Daily Composite Samples (Winter 1998-1999 )
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2.1.2.8.2 Erosion Source Assessment

Sources of instream sediment include upland runoff, streambank erosion, and mass wasting. Upland
runoff is addressed in this TMDL through the load allocations determined from the MUSLE model. The
streambank component of TSS loading to the stream was estimated using an empirical analytical
approach. Mass wasting potential was assessed using a geomorphic risk assessment, discussed in the
next section.

One approach to consider for future source assessment work in the Umatilla Basin is a sediment budget,
which accounts for the source and fate of sediment as it travels through the watershed (Reid and Dunne,
1996). The sediment budget identifies soil loss rates, delivery to stream channels and overall sediment
yields. Although the TMDL is most concerned with sediment delivered to stream channels because of
impacts to beneficial uses, soil loss rates are a concern because of soil productivity, and sediment
delivery is also a concern because of reservoir sedimentation.

The Umatilla Basin TMDL Technical Advisory Committee have assessed river morphology at 24 locations
on the Umatilla River and tributaries (Williams, et al, 1998). This information can be used by land
managers to better characterize the source and disposition of sediment sources in the Umatilla Basin.

Mass wasting is considered a relatively subordinate sediment source or delivery process in the Umatilla
Basin, based on the analysis described in this section. Mass wasting is a general term for dislodgment
and gravitational transport of soil and rock not carried within another medium such as air or water. Mass
wasting includes slow displacements, such as the slumping of hillsides or soil creep, and rapid
movements such as rock fall, landslides and debris flows (Bates and Jackson, eds., 1987).

Landslide processes offer significant sediment delivery mechanisms to streams. It is important to note
that both natural and human-caused processes cause landslides. Mass failures are the dominant
process controlling the rate of sediment production in the Northwest (Swanson et al 1987). Mass failures
also affect the geometry and disturbance regimes of channels and riparian areas. Earth flow may affect
the channel width, complexity, slope, and riparian vegetation (Swanson et al 1987). The type, amount,
and timing of sediment input will determine influence on channel morphology (Sullivan et al 1987).

Hartman (1996) found that impacts from increased sediment production from hillsides increased stream
bank erosion and transport of sediment and bedload when stream bank stability is decreased. Reduced
streambed stability and channel diversity may be initiated decades after changes in land management
practices (legacy conditions) and likely are related to storm events. Such sedimentation problems are
likely to persist for several decades.

Mass wasting is not a dominant process in the Blue Mountains and Umatilla Plateau. The United States
Forest Service mapped 9 landslide features in the Upper Umatilla River (Forks) watershed after the 1996
storms. The dominant feature type was flows, most of which entered small tributaries, and several
intercepted roads and plugged culverts. Mass wasting was one of the sources of accelerated sediment
during these unusual flood events. Other sources included sheetwash erosion from hill-slopes, road
erosion, and channel and floodplain erosion.

This chapter does not directly address in-channel storage of sediment and the lag-time between upland
soil loss and delivery of sediment to streams, as discussed in earlier sections. Further work is
encouraged, to evaluate the role of these sinks with regard to impacts to water quality and time-frames to
decrease sediment loading in Basin streams.

In general, the dominant erosion process across the Umatilla Basin, including foothills and mountains, is
surface erosion by sheetwash, rills, and gullies; and bank erosion. Figure 57 shows the general
processes of erosion and sedimentation. Overall, erosion and sediment transport rates are extremely
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variable, both spatially and temporally, and depend on a wide range of factors from storm conditions to
channel hydraulics (Bunte and MacDonald, 1998).

Figure 57. Conceptual Diagram of Sediment Sources and Transport Processes
(after Reid and Dunne, 1996)

@ SHEETWASH

COLLUVIAL DEPOSITS

BANK EROSION

\ \ J
CHANNEL SEDIMENT
Impacts to aquatic beneficial uses

STREAMBANK

2.1.2.8.3 Geomorphic Risk Assessment

A slope stability analysis was performed based on slope, stability, and curvature of land within the
Umatilla Basin (Figure 58). Data was derived from a digital elevation model and processed in
Arclnfo/Grid using the methodology outlined in Shaw and Johnson, 1995. The analysis identifies areas
that are susceptible to mass wasting.

The potentially highly unstable areas identified by the analysis are Bingham Springs and Upper Meacham
Creek.
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Figure 58. Umatilla Basin Slope Stability Analyses
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Figure 59 is a map with slope overlaid on soil erodibility. Land use is inset in the lower right. The areas
with the darkest red and most dense cross-hatching are critical areas for sediment delivery potential.

The slope stability and soils erodibility analyses provide land managers with potentially critical areas to
prioritize for erosion reduction efforts. These analyses are intended as a flagging tool which should be
supported by field data for making management decisions for reducing erosion.

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY PAGE 119 MARCH 2001



UMATILLA RIVER BASIN TMDL AND WQMP CHAPTER Two: TMDLS

Figure 59. Umatilla Basin Potential Soil Erodibility and Slope
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2.1.2.9 WASTE LOAD ALLOCATIONS

A Waste Load Allocation (WLA) is the amount of pollutant that a point source can contribute to the
stream without violating water quality standards. The point sources in the Umatilla Basin for which WLAs
have been determined are the municipal wastewater treatment plants. The WLA for each facility is 80
mg/L TSS at the end of pipe.

2.1.2.9.1 Current NPDES Permit Requirements

Umatilla Basin point sources that discharge directly to surface waters and have individual facility NPDES
permits are:

Table 27. NPDES Permitted Sources and Expiration Dates
Facility Permit Expiration Date”
Athena waste water treatment plant 5/31/96
Pendleton waste water treatment plant 9/30/97
Echo waste water treatment plant 12/31/99
Stanfield waste water treatment plant 7/31/98
Hermiston waste water treatment plant 5/31/00

Current wastewater treatment plant (WWTP) effluent limitations (end of pipe) for NPDES individual
permits in the Umatilla Basin are included in Tables 28 through 34.

Table 28.  City of Hermiston WWTP Effluent Limits
May 1-October 31:

Limitations
Average Ef_fluent Mass Loadin
Concentrations Mass Loading
Monthly Weekly Daily

Monthly Weekly Average Average Maximum
Parameters #/day #/day #s
BOD5 20 mg/l 30 mg/l 490 740 980
TSS 20 mg/L 30 mg/L 490 740 980
pH 6.0-9.0
BOD and TSS Shall not be less than 85% based on the average monthly
Removal )

L. concentration

Efficiency

Shall not exceed 200/100 ml monthly geometric mean, and 400/100

Fecal coliform :
weekly geometric mean.

Total residual

chlorine 0.03 mg/L daily avg

" Lists of permitted wastewater discharges in Oregon are available through the ODEQ website at:
http://waterquality.deq.state.or.us/SISData/FacilityHome.asp

" The existing permit remains in effect untii DEQ acts on the renewal application. Permit
renewals have been extended pending TMDL establishment.
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Table 29.  City of Hermiston WWTP Effluent Limits (continued)
November 1-April 30:

Limitations
éveraqe Ef_fluent Mass Loading
oncentrations
Monthly Weekly Daily
Monthly Weekly Average Average Maximum
Parameters #/day #/day #s
BOD5 30 mg/l 45 mgl/l 740 1110 1480
TSS 30 mg/L 45 mg/L 740 1110 1480
pH 6.0-9.0
BOD and TSS Shall not be less than 85% based on the average monthly
Removal concentration
Efficiency
Fecal coliform Shall not exceed 200/100 ml monthly geometric mean, and 400/100
weekly geometric mean.
Total residual 0.03 mg/L daily avg
chlorine
Table 30. City of Pendleton WWTP Effluent Limits
May 1-October 31:
Limitations
Average Eff!uent Mass Loadin
Concentrations A1ass ~0ading
Monthly Weekly Daily
Monthly Weekly Average Average Maximum
Parameters #/day #/day #s
BOD5 20 mg/l 30 mgl/l 920 1400 1800
TSS 20 mg/L 30 mg/L 920 1400 1800
pH 6.0-9.0
BOD and TSS Shall not be less than 85% based on the average monthly
Removal concentration
Efficiency
Fecal coliform Shall not exceed 200/100 ml monthly geometric mean, and 400/100
weekly geometric mean.
Total residual 0.03 mg/L daily avg
chlorine
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Table 31. City of Pendleton WWTP Effluent Limits (continued)
November 1-April 30:
Limitations
Average Ef_fluent Mass Loadin
Concentrations ass Loadind
Monthly Weekly Daily
Monthly Weekly Average Average Maximum
Parameters #/day #/day #s
BOD5 30 mg/l 45 mgl/l 1400 2100 2800
TSS 30 mg/L 45 mg/L 1400 2100 2800
PH 6.0-9.0
BOD and TSS Shall not be less than 85% based on the average monthly
Removal concentration
Efficiency
Fecal coliform Shall not exceed 200/100 ml monthly geometric mean, and 400/100
weekly geometric mean.
Total residual 0.03 mg/L daily avg
chlorine
Table 32.  City of Stanfield WWTP Effluent Limits
May 1-October 31: No discharge
November 1-April 30:
Limitations
Average Ef_fluent Mass Loadin
Concentrations ass Loading
Monthly Weekly Daily
Monthly Weekly Average Average Maximum
Parameters #/day #/day #s
BOD5 30 mg/l 45 mgl/l 56 84 110
TSS 45 mg/L 65 mg/L 84 130 170
pH 6.0-9.0
BOD Removal Shall not be less than 85% based on the average monthly
Efficiency concentration
TSS Removal Shall not be less than 65% based on the average monthly
Efficiency concentration
Total coliform 7-day median <23/100mL with no 2 consecutive samples exceeding
240/100/mL.
Total residual .03 mg/L monthly avg
chlorine .06 daily avg.
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Table 33.

May 1-October 31: No discharge

November 1-April 30:

City of Athena WWTP Effluent Limits

Limitations
Average Ef_fluent Mass Loadin
Concentrations Hass Loading
Monthly Weekly Daily

Monthly Weekly Average Average Maximum
Parameters #/day #/day #s
BODs 30 45 78 117 156
TSS 30 45 78 117 156
Other Limitations (cont.)
Parameters
pH Shall be within the range of 6.0 - 9.0.

BODs and TSS
percent removal

Shall not be less than 65% monthly average on a concentration basis.

efficiency
Total Residual Monthly average shall not exceed the minimum level of detection,
Chlorine which is defined as 0.1 mg/l.

Escherichia coli
(E. coli) bacteria

Shall not exceed a 30 day log mean of 126 organisms per 100 ml. No

single sample shall exceed 406 organisms per 100 ml.

Table 34.

May 1-October 31: No discharge

November 1-April 30:

City of Echo WWTP Effluent Limits

Limitations
Average Ef_fluent Mass Loadin
Concentrations Viass Loading
Monthly Weekly Daily

Monthly Weekly Average Average Maximum
Parameters #/day #/day #s
BODs 30 45 30 45 60
TSS 85 140 85 128 170
Other Limitations (cont.)
Parameters
pH Shall be within the range of 6.0 - 9.0.

Escherichia coli
(E. coli) bacteria

Shall not exceed a 30 day log mean of 126 organisms per 100 ml. No

single sample shall exceed 406 organisms per 100 ml.

BODs percent
removal
efficiency

Shall not be less than 85% monthly average on a concentration basis.

TSS percent
removal
efficiency

Shall not be less than 65% monthly average on a concentration basis.
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2.1.2.9.2 TMDL-Based Conditions

The limits listed in this section constitute point source waste load allocations, which can be expressed as
mass per time or other appropriate measure according to EPA guidance. Mass loads were not
established because the impairment of concern is concentration-based and some facilities are planning or
considering expansions for population growth and TMDL implementation - design flows have not yet been
established. It is clear from the data evaluation in the Umatilla Basin discussed in this text that non-point
sources far outweigh point sources in their potential for sediment-related water quality impairment, and
generally diminish TSS concentrations rather than intensify them. Due to the importance of flow for
sensitive beneficial uses, primarily fisheries, limitations on beneficial flow can be detrimental.

The TMDLs are basin goals that add to or modify existing permit conditions. Most existing permit-specific
conditions will remain, such as: more stringent seasonal concentrations, state and federal standards and
acute toxicity prohibition outside the zone of immediate dilution. The following effluent limitations are
applicable at the end of pipe:

November 1 — April 30: Total suspended solids (TSS) - not to exceed a daily maximum of 80
mg/L (basin average TSS associated with 30 NTU). Concentration limits will be converted to
mass load using the appropriate effluent design flow, and included as effluent permit limitations.
Dischargers have the alternative of demonstrating that their effluent does not exceed 30 NTU.
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2.1.3 AQUATIC WEEDS, ALGAE & PH TMDL

2.1.3.1 TARGET IDENTIFICATION

2.1.3.1.2 Aquatic Weeds and PH Related to Aquatic Life

There is increasing periphyton (algae attached to the river substrate) growth during the summer in the
Upper Umatilla River as it flows from the North and South Fork (forks) of the Umatilla to the Highway 11
Bridge at rivermile 57.1. The water in the forks is generally high quality, with relatively cool instream
temperatures and without excessive periphyton growth and pH problems. However, the Umatilla River
warms to temperatures conducive to algae growth as it flows from the forks to the Highway 11 Bridge site,
where excessive periphyton growth seasonally occurs.

Algae production is the principle cause of wide pH fluctuations in the Umatilla River at Highway 11 Bridge
(RM 57.1) and Yoakum Bridge (RM 37.2). The algae of concern in the Umatilla River is periphyton. As
periphyton obtains carbon dioxide for cell growth the bicarbonate present in the water is decreased.
Removal of the bicarbonate from the water will generally increase the pH. High pH is stressful to fish.
This daily increase in pH is associated with algal photosynthesis, which is maximized by mid-day light and
warmth. The pH standard is exceeded during the warmest part of the day.

2.1.3.1.2 Sensitive Beneficial Use Identification

Excessive algae growth can increase pH in the river to levels that are stressful to fish. Nuisance algae
growth can also adversely affect aesthetic quality of the Umatilla River and, as mentioned above, can
cause taste and odor problems.

Beneficial uses affected by aquatic weeds, algae and pH include water contact recreation, aesthetics, and
fish-related uses.
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2.1.3.1.3 Water Quality Standard Identification

The following is the State of Oregon standard that is applicable to aquatic weeds or algae, in the Umatilla
Basin (OAR 340-41-645(2)(h):

The development of fungi or other growths having a deleterious effect on stream bottoms,
fish or other aquatic life, or which are injurious to health, recreation, or industry, shall not
be allowed.

The following is the State of Oregon standard that is applicable to pH, in the Umatilla Basin (OAR 340-41-
645(2)(d):

pH values shall not fall outside the ranges... 6.5 to 9.0. When greater than 25 percent of
ambient measurements taken between June and September are greater than pH 8.7,
and as resources are available according to priorities set by the Department, the
Department shall determine whether the values higher than 8.7 are anthropogenic or
natural in origin.

2.1.3.2 DEVIATION FROM WATER QUALITY STANDARDS

Table 35 summarizes the stream segments on the 1998 §303(d) list for aquatic weeds or algae and
Figure 60 maps these segments. In addition, Butter Creek is listed as water quality limited (also 1998
§303(d) list) for pH, from the mouth to its confluence with Little Butter Creek. Oregon’s §303(d) list and its
supporting data references can be publicly accessed through the Oregon Department of Environmental
Quality web page at the following URL: http://www.deq.state.or.us. The language of the relevant
standards is provided in Appendix A-7.

Table 35. Segments on the 1998 §303(d) List for Aquatic Weeds or Algae

Waterbody Name Boundaries
Umatilla River Speare Canyon to Wildhorse Creek
Umatilla River Wildhorse Creek to Forks
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Figure 60. Segments on the 1998 §303(d) List for Aquatic Weeds or Algae

M

2.1.3.3 DATA REVIEW

Observed total and orthophosphorus, pH, and temperature data, all factors that influence periphyton
growth, are reviewed below.

2.1.3.3.1 Phosphorus

The review of phosphorus is done to determine whether the instream concentrations are at levels that will
support periphyton growth, and to see if there is the potential to reduce phosphorus to low enough levels
to reduce periphyton growth. Both total and orthophosphorus (OP) data were collected during sampling
surveys conducted during the months of March through October, 1993 to 1997. Total phosphorus (TP)
includes both the particulate and water-soluble phosphorus. OP is the soluble form that is readily
available for the periphyton to utilize for growth.

The monitoring locations included in the data review are listed in Table 36.

Table 36. Upper Umatilla Basin Monitoring Stations

Rivermile

North Fork Umatilla River 0.1

South Fork Umatilla River 0.5

Umatilla River at Corporation 89.5
Umatilla River upstream of Gibbon 81.7
Umatilla River east of Gibbon 80.0
Umatilla River at Cayuse Bridge 69.4
Umatilla River at Mission Bridge 61.5
Umatilla River at Highway 11 57.1
Umatilla River at Reith 49.0
Umatilla River at Yoakum Bridge 37.2
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Figure 61 displays observed TP by rivermile and includes the North and South Forks of the Umatilla
River, and main stem Umatilla River sites down to Yoakum Bridge at rivermile 37.2 (note the Y axis is a

logarithmic scale).

The TP concentrations do not change noticeably from the forks down to the Umatilla River at Highway 11
site (RM 57.1), where pH violations, resulting from increased periphyton growth, are first measured.
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Figure 62. Orthophosphorus in the Forks and Upper Umatilla River
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Figure 62 represents the OP in the forks and the Umatilla River down to Yoakum Bridge (RM 37.2). OP
amounts to about half of the TP, and as mentioned above, is the most readily available form utilized for
periphyton growth.

As can readily be seen in Figure 62, the OP steadily decreases from the forks downstream to Highway
11. This is evidence that there is periphyton uptake of OP which is decreasing the concentration as the
periphyton grow. In order to limit the growth of periphyton, it is recommended in the literature that one of
the nutrients be limited to the half-saturation constants. Literature values for phosphorus half-saturation
constants range from 0.004 to 0.008 mg/L (EPA, 1985). This will result in a periphyton productivity rate
that is no greater than 50 percent of the maximum rate. Based on the work done by Michaelis-Menton on
uptake kinetics of organisms, it would be unlikely for there to be significant algal growth limitation with OP
concentrations observed in the forks of 6 to 9 times the high end of this range, or 0.03 to 0.045 mg/L.
Data suggest that there is sufficient instream OP in the forks to support periphyton growth downstream to
the Highway 11 Bridge, where pH violations occur.

Figure 63 is a plot of longitudinal total inorganic nitrogen (TIN). In addition to phosphorus, TIN also has
the potential to limit periphyton growth. The TIN concentrations remain relatively low from the forks to
Highway 11, where excessive periphyton growth and pH violations occur. The TIN in the forks to
Highway 11 Bridge is above a limiting concentration of 0.035 mg/L (TIN corresponding stoichiometrically
to approximate 0.005 mg/L TP).
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Figure 63. Upper Umatilla River Total Inorganic Nitrogen

Available information indicate that there is minimal, if any, human-caused contribution of OP or TIN load
to the North and South Forks of the Umatilla River. The Umatilla Basin TMDL Technical Committee
discussions with NRCS, ARS, CTUIR and SWCD and ODA indicate that phosphorus is rarely applied as
a crop nutrient throughout the Umatilla Basin above Pendleton because there is sufficient geologic
source. The USFS has indicated that nitrogen fertilizer generally has not been applied in the Umatilla
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National Forest. Nutrient sources such as grazing and animal feedlots are potential and nitrogen crop
fertilizers are applied throughout much of the agricultural areas of the basin. Data evaluation suggests
that nitrogen is not a limiting factor and that the expected temperature reductions should control
periphyton. There is little opportunity to control periphyton growth by reducing phosphorus to limiting
concentrations in the river from the forks to Highway 11.

Nutrient concentrations increase significantly between the Highway 11 Bridge site and Reith Bridge at
rivermile 49.0. However, the pH decreases at Reith Bridge as the instream temperature decreases due
to the cool flow augmentation released from McKay Reservoir during the summer months. As the data
review and modeling demonstrate in the following sections, it appears that elevated periphyton growth
and pH would be best addressed by reducing the instream temperature in the Upper Umatilla River.

2.1.3.3.2 pH

The observed pH data appear to indicate that the progressively increasing instream temperature from the
forks to Highway 11 results in increasing periphyton growth and elevated pH. Approximately half of the
observed pH data exceed the water quality standard at the Umatilla River at Highway 11 and Yoakum
Bridge (RM 37.1) sampling sites (Figure 64). However, at the Reith Bridge site at rivermile 49.0, the
median pH decreases to about 7.9 SU as the stream temperature decreases due to the McKay Reservoir
flow augmentation. The river then warms from Reith Bridge to Yoakum Bridge (RM 37.2) and the pH
again begins to routinely exceed the water quality standard.

WRRPER LMATILLA RIVER LONGITUDIWEL pH

LRGN LI L TN U L L LU LU LU O L LA L L B L LI N LU O LI DL N DL L)

19%3-13%7 HARCH - CLTORER
16

(e
37

PO L I R A |

T

Wl Standard a1
g 0 e e e i e e e

i
!
1
!
i
]
i
}
1]
]
i
i

(LM

C-LOE[H*17

107
o

BH

]

o
[+
L L B B L e |

-
P I T I T T NN A AN I O A

f.E Aova i lavsn e ner by berya v oo pyvan bonar ey boraafingnh
93 030 5F 4@k YR OOTQp &% B0 Fh 0 SR 4% 49 3% A0
RIWER MILE

Figure 64. Upper Umatilla River Longitudinal pH

2.1.3.3.3 Temperature

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY PAGE 131 MARCH 2001



UMATILLA RIVER BASIN TMDL AND WQMP CHAPTER Two: TMDLS

The observed summertime temperature data show about a 6 degrees Celsius (11 °F) median increase in
temperature from the Umatilla River at Corporation (RM 89.5) to Highway 11 (RM 57.1). Figure 65
displays stream temperature data by rivermile.

UPFER UMATILLA RVWER LONSITUDIMAL TEMPERATURE

IR R R N R R NN N N R R A RN R |

199%3- 1997 HARCY - OCTORER
- 6]
o F
T 1
o1
—&aF |
BEW- e k.
3] I~ " i
danl o 1] [y
b
|
ﬂ -
() L

rn

- = m

TEMPER&TURE
%

Ix]
T
TIPS N T T T T T T T T O A |

ol i e i ey e b e b b g e b1y an 1|
[13 o}  BE 1] g L) EE B} EE B0 A% 4 El T
RIVER HILE

Figure 65. Upper Umatilla River Longitudinal Stream Temperature

The increase in Umatilla River temperature coincides with the increase in periphyton growth and pH. It
appears from this data review that the key to reducing periphyton growth and meeting the goal of
instream pH below 9.0 SU is to reduce instream temperature.

Figure 66 represents the theoretical relationship between instream temperature and algal growth. The
algal growth rate increases significantly as the instream temperature increases.
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Figure 66. The Theoretical Relationship between Instream Temperature and Algal Growth
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A regression analysis of pH and stream temperature, using historical data collected by ODEQ, illustrates
that the pH at the Umatilla River Highway 11 (RM 57.1) increases as the instream temperature increases
(Figure 67). The regression analysis ignores other factors, such as the effect that nutrients and light
have on algal growth, and subsequently pH. Nonetheless, it illustrates an association between pH and
instream temperature.
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Figure 67. Regression Analysis of pH and Stream Temperature at Highway 11

2.1.3.4 POLLUTANT

Nutrient, pH and temperature data indicate that reducing instream temperature is the key to reducing
excessive periphyton growth and pH fluctuations in the river. Since nitrogen and phosphorus are above
limiting concentrations from the forks to the Umatilla River at Highway 11 sampling site, reducing nutrient
loads to the Umatilla River would not have a significant impact on either periphyton growth or pH.

A model (discussed below) was developed to further investigate the relationship between temperature
and pH. The model corroborates the association seen in the pH and temperature data at the Highway 11
Bridge site. The model predicts that the pH standard will be achieved through the implementation of the
site-potential temperature TMDL allocations. The narrative algal growth component of the water quality
standard should be met as well, through temperature TMDL implementation.

Instream temperature is the pollutant that is the focus of this algae and pH TMDL.

2.1.3.5 LOADING CAPACITY

As discussed in the data review, a water quality concern in the Umatilla River from Highway 11 (RM 57.1)
to Yoakum Bridge (RM 37.2) is pH exceeding the State of Oregon water quality standard (greater than
9.0 standard pH units (SU)). The presence of instream aquatic plants can have a profound effect on the
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variability of pH throughout a day and from day to day. In the Umatilla River the emphasis is on attached
algae which clings to rocks and other surfaces (periphyton).

Nitrogen, phosphorus, light availability, and instream temperature are all parameters necessary for
supporting periphyton growth. The data review indicates that there is little reason to believe that nutrients
can be reduced to concentrations needed to limit algal growth at Highway 11.

The rate of periphyton growth is limited by the availability of light, nutrients, and water temperature.
In a situation where the available light for periphyton growth is at an optimum level and nutrients
are plentiful, then the growth of periphyton will be dependent on the temperature effect (Thomann
and Mueller, 1987).

The data review also indicates that the increase in pH is correlated with the increase in instream
temperature between the confluence of the forks and the Umatilla River at Highway 11. Both the
regression analysis of pH versus temperature and a pH model of the Upper Umatilla River (rivermile 80.0
to 57.1) predict that the instream pH will be maintained below the standard (9.0 SU) when system
potential temperature TMDL allocations and the resulting instream cooling are achieved.

The temperature model of the Upper Umatilla River (Section 2.1.1) predicts site potential temperatures at
Highway 11 is 69 °F. The pH/temperature regression and the pH model predict that the maximum
instream pH at Highway 11 will be 8.5 SU with the river achieving system potential temperatures. Site
potential temperature at the Umatilla River at Yoakum Bridge site, the lowest site on the river where pH
criteria exceedances have been recorded, is 63 °F. The loading capacities for this TMDL are the
system potential instream temperatures as predicted in Section 2.1.1.

The following sections discuss the theory and application of the pH model used to determine the
periphyton loading capacities.

2.1.3.5.1 Photosynthesis and the Carbonate Buffering
System

Periphyton is important because of its ability to photosynthesize. The essence of the photosynthetic
process centers about chlorophyll containing plants which can utilize radiant energy from the sun, convert
water and carbon dioxide into glucose, and release oxygen. The photosynthesis reaction can be written
as (Thomann and Mueller, 1987):

6CO2 +6H20 photosynthesis >C6H1206+602

Equation 1

Periphyton obtains energy from the sun for this daytime process. Instream dissolved oxygen is produced
by the removal of hydrogen atoms from the water. The photosynthesis process consumes dissolved
forms of carbon during the production of plant cells. Periphyton requires oxygen for respiration, which
can be considered to proceed throughout the day and night (Thomann and Mueller, 1987). Carbon
dioxide (CO.,) is produced during the respiration process as represented by the following equation:

6 CO, +6H,0«L2mie _ CH O +60,

Equation 2

The consumption of CO, during photosynthesis and CO, production during respiration has no direct
influence on alkalinity. Since alkalinity is associated with a charge balance, changes in CO,
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concentrations result in a shift of the carbon equilibrium proton balance and the pH of the solution. (The
pH of a solution is defined as an expression of hydrogen-ion concentration in terms of its negative
logarithm (Sawyer and McCarty, 1978.)) However, it can be shown that photosynthesis would result in
limited alkalinity changes through the uptake of charge ions, such as orthophosphorus (PO4°), nitrate
(NO3), and ammonia (NH3™).

Carbon dioxide is very soluble in water, some 200 times greater than oxygen, and obeys normal solubility
laws within the conditions of temperatures and pressures encountered in fresh water ecosystems (Wetzel,
1983). Dissolved CO; hydrates to yield carbonic acid (CO, + H,0 <> H,CO3). The concentration of
hydrated carbon dioxide (COyaq)) predominates over carbonic acid in natural waters and it is assumed
that carbonic acid is largely equivalent to hydrated carbon dioxide (e.g. [H,CO5] = [COxaq)) (Snoeyink
and Jenkins, 1980).

Carbonic acid dissociates rapidly relative to the hydration reaction to form bicarbonate (H2C03 < H +
HCO5). In addition, bicarbonate dissociates to form carbonate ions (HCO5 > H™ + 003 ). The various
components of the carbonate equilibria are interrelated by temperature dependent constants (i.e. pKa
and pK,,, respectively) which establishes an equilibrium between H,CO3, HCOj3, and CO42:

HCO;™ + H,0 < H,CO;" + OH"
CO;* + H,0 < HCO, + OH
H,CO," < H,0 + CO,
Equation 3

From these dissociation relationships, the proportions of H2C03 , HCO3', and C03 at various pH values
indicate that H,CO; dominates in waters at pH 5 and below. Above pH of 9.5 COs” is quantitatively
significant. Between a pH of 7 and 9.5 HCOj3; predominates (Wetzel, 1983).

Alkalinity is defined as a measure of the capacity of a water solution to neutralize a strong acid (Snoeyink
and Jenkins, 1980). In natural water this capacity is attributable to bases associated with the carbonate
buffering system (HCO5, CO5> and OH’). The carbonate equilibria reactions given above result in
solution buffering. Any solution will resist change in pH as long as these equilibria are operational.

Photosynthesis and respiration are the two major biologically mediated processes that influence the
amount of available CO,q) in fresh water systems. Accordingly, the pH of the solution will fluctuate
diurnally and seasonally in accordance with a change of charge balance resulting from the production
and/or consumption of COj,,q) during these respective processes. Thus, an estimation of COyq will
provide a method to determine pH levels in relation to the carbonate equilibrium proton balance within the
solution. The concentration of COy,q) (€.9. H2C03 ) in solution can be determined as:

[H2C03*] =a¢Cyo3

Equation 4
where oy is mathematically defined as (Chapra, 1997):
(4P
o= +12 +
[H"]" +[H" ]Kal + KalKa2
Equation 5

where K,1 and K, are equilibrium constants for carbonic acid and bicarbonate ions, respectively, and
where the amount of total inorganic carbon (Cico3) in natural waters is defined as:
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Kw
Alkalinity — +[H?
ty ] [H"]

(a1+2a2)

Cicos =

Equation 6

The “Alkalinity” component of Equation 6 is expressed in milliequivalents (meq). The “Kw” term is a
temperature dependent equilibrium constant for water and can be defined as:

K, =[H" ][OH"]
Equation 7

The“oxcy” and “ocy” terms in Equation 6 are mathematical definitions of ionization fractions (Chapra, 1997):

. = [H+]kal
CUIH P H[HY K, + Ky Ky
Equation 8
az — KalKa2
[H* 1 +[H" K, +K K,
Equation 9

An increase in instream CO, results in a lower pH. Conversely, a decrease in CO, results in a higher pH.
The consumption of CO, during periphyton photosynthesis causes elevated pH levels between the
Umatilla River at Highway 11 and Yoakum Bridge monitoring sites.

2.1.3.5.1.1 PH MODEL

The impact of algal production on pH can be determined by a mass balance of the carbonate species.
Assuming that the consumption of carbon is consistent along the river bottom, the change in total
carbonate species can be estimated as the amount of CO; (5 plus the amount brought in by aeration and
production, minus the amount of carbon dioxide consumed over time:

ko[ Ficon m

—kagp,T
Cco2(ag)7 = Ccorgaqye — (UCco20aq)E = Ccoriagyrle >} + {1~

KuCOz
Equation 10
where:
Ccoz(aq) = Dissolved CO, (e.g. [COxzq)l~ [H.CO5]) (mmoles/l); and
E = Equilibrium Condition @ Time = 0;
T = Time (day);
Kacoz = Inorganic carbon gas transfer rate from the atmosphere (day™);
Pacoz = Periphyton consumption of CO, (mmoles CO,/mg O/l * day).

Periphyton oxygen production is developed through an analytical formula developed by Di Torro (1981)
that relates the observed range of diurnal dissolved oxygen (Apo), depth (H), and aeration coefficient
(Kagpz) to a measure of maximum potential benthic oxygen production (P,o2):

05Kap,[1-e %49
[1 _ e(_O'SKaOZ ) ]2

Foo2 =( NA po)(H)

Equation 11
Equation 11 is a method to calculate the amount of oxygen produced by periphyton per bottom area
normalized by depth (mg/l-day). The stoichiometric equivalent of carbon consumed during the
photosynthetic process was determined by a simple mass balance relationship which defines the amount
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of oxygen produced during photosynthesis to the amount of carbon consumed (Equation 1). Specifically,
P.o2 (Equation 11) was converted to carbon consumed during the photosynthetic process (Chapra, 1997)
and incorporated into the model:

6 mmole CO,  _ 0.03125
6 x 32 mgO, mgO,

Oxygen to Carbon Coversion = mmole €O,

Equation 12

Equation 10 is analogous to classical dissolved oxygen balances, with the exception that only the free
carbon ([COyaq)l= [HZCO3*]) portion of the total carbonate concentration is involved in the aeration
equilibrium calculations. Neglecting the influence of buffers other than the carbonate system, and
assuming that total alkalinity does not change, the pH can then be estimated from the application of these
equations. Changes in free carbon (e.g. [COyq)] = [HzCO{]) and total carbonate species (e.g. [C;{CO3])
due to photosynthesis and respiration were calculated through the application of Equation 10. At the
range of pH found in the Umatilla River (6.5-9.5), it can be assumed that most of the carbonate buffers
are in the form of bicarbonate HCO; (e.g. C{CO; ~ HCOj3). The temperature dependent equilibrium
constant for bicarbonate (K,1) is defined as:

[H'][HCO5™]
[H,CO5']

al

Equation 13
Through substitution and rearrangement, pH can be defined as the negative logarithm of [H']:

_ KAI[COZ(aq)]

[H7]
[CCOs]
Equation 14
where [C{CO3] and [CO,,q)] are determined through the application of Equation 10.

The carbon balance presented in Equation 10 is expressed in terms of a deficit, and is defined as the
difference between saturation and existing concentrations. The carbon deficit will increase due to carbon
uptake from periphyton and decrease from gas exchange (Chapra, 1997). The carbon equilibrium level in
water is defined as saturation, at which point no net diffusion exchange of carbon between air and the
water will occur. The carbon exchange rate between air and water depends on both the differences
between existing carbon concentrations and saturation, as well as water turbulence. For example,
carbon diffusion rates will increase at a greater carbon deficit and water turbulence levels. This process is
similar to re-aeration in streams.

It is assumed that the dominant carbon balance processes are photosynthetic uptake (i.e. periphyton
uptake) and carbon re-aeration (i.e. gas exchange). By assuming that the uptake of carbon and
equilibrium reactions occur at a greater rate than replacement of carbon through aeration, the response of
pH to reduced carbon concentration can be modeled. Accordingly, the carbon balance accounts for the
current deficit, the amount of carbon brought in through aeration due to that deficit, the amount of carbon
lost due to photosynthesis and the amount of carbon brought in through aeration due to the increase
deficit resulting from photosynthesis.

The impact of algal production on pH was determined by solving the inorganic carbon mass balance up to
a pH of 9.5. Above 9.5, the solution was assumed to be simply greater than 9.5 in order to simplify the
calculations (e.g. available inorganic carbon is significantly curtailed at pH values equal or above 9.5.).

2.1.3.5.1.2 APPLICATION OF THE MODEL

Model Time Step

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY PAGE 137 MARCH 2001



UMATILLA RIVER BASIN TMDL AND WQMP CHAPTER Two: TMDLS

A simple steady state analysis does not provide information on how effective nutrient control may be
downstream of the nutrient source because uptake from benthic algae reduces the available nutrient
supply. Accordingly, a time dependent solution of the inorganic carbon balance was used to assess the
potential influence of diurnal pattern of photosynthetic activity. A time dependent determination of total
carbonate (C;CO3) and hydrated carbon dioxide (CO,q) provided a method to estimate in-stream pH
levels resulting from increased periphyton production rates downstream of a source of pollution. The time
step was modeled at a ten-minute interval.
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CO, and O, Aeration Rate

The carbon mass balance equations in this model are extremely sensitive to the estimated, or assumed,
ratios between aeration (Kap,) and production (P,) rates. It can be shown that a decreased gas transfer
or increased benthic consumption rate would increase the rate which the COy,q) deficit develops, and
therefore result in an increase in-stream pH. In addition, increased depths would decrease the relative
impact from periphyton production rates (P,). The distance or the time required to exceed water quality
standards is dependent on the availability of inorganic carbon concentrations of the water entering the
section of the river, or from other sources such as tributaries, groundwater, or atmospheric aeration of
CO..

Aeration rates (K,02) were estimated through the use of the Tsivoglou and Wallace (1972) formula. The
formula was developed using a database of direct measurement of re-aeration:

Kaoz =0.88US
Equation 15

Where K oz is in day'1 at 20*C, S is the slope in feet/mile, and U is the velocity in feet per second. More
recent comparisons by Grant and Skavroneck (1980) indicated that this expression is most accurate for
small shallow streams (Thomann and Mueller, 1987).

There is little literature describing aeration rates for inorganic carbon (Kacoy). Tsivoglou (1967) found
during a series of laboratory tests that the mean ratio for dissolved oxygen (Kao,) and inorganic carbon
aeration rates (Kacoy) to be 0.894 with a range of 0.845 to 0.940 and a standard deviation of 0.034.
Simonsen and Harremoest (1978) determined aeration rates in a river using a twin curve method for both
carbon and oxygen and found that the Kaco, averaged 0.57 Kap,. It was assumed that the aeration rates
for inorganic carbon followed the relationship presented by Simonsen and Harremoest (1978).

Periphyton Growth

The rate of periphyton growth is limited by the availability of light, nutrients, and water temperature.
In a situation where the available light for periphyton growth is at an optimum level and nutrients
are plentiful, then the growth of periphyton will be dependent on the temperature effect (Thomann
and Mueller, 1987). If all of these are available in excess (i.e. non limiting condition), then dense mats of
periphyton will grow and the algal mass will then be regulated by grazing by macro-invertebrates, grazer
predation, substrate characteristics, and hydraulic sloughing.

Potential periphyton growth was assumed to occur proportional to the calculated growth rate from light
availability (G.) and the calculated growth rate from nutrient (Gy) concentration, whichever rate is lowest.
It was assumed that the calculated production rate of oxygen (Paoz) (see Equation 11) was
proportionately reduced by these periphyton growth rate functions:

Potential Periphyton Growth = Minimum (Gy or G1) * Ppop
Equation 16

In addition, a component to estimate periphyton growth response to changes in stream temperature (Gt)
was used to estimate the instream pH at the Umatilla River at Highway 11 monitoring site given instream
temperatures ranging from 19 to 25 degrees C.

Algal Growth Factor - Availability of Light (G.)

Increased Solar Radiation has been shown to increase pH by encouraging photosynthetic chemical
reactions associated with primary production (DeNicola et al., 1992). Increased algal productivity in
response to increased solar exposure has been well documented (Gregory et al., 1987; DeNicola et al,
1992). In addition, it has been shown that photosynthesis of benthic algal communities in streams
reaches a maximum at low light intensities (Gregory et al., 1987; Powell, 1996).
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The effect of solar radiation on periphyton productivity (G, ) was added to model calculations, and was
assumed to follow a sinusoidal curve described by Simonsen and Harremoest (1978):

2r
G, = cos—t

o
Equation 17
where alpha is the length of day (assumed 16 hours/day) and t is the time of day and is represented in
Figure 68.
Algal Growth Rate due to Solar Radiation (GL)
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Figure 68. Algal Growth Rate due to Solar Radiation (G)

Algal Growth Factor - Nutrients (Gy)

Algae (periphyton) production due to phosphorus concentrations, as well as periphyton nutrient uptake,
was assumed to follow the Michaelis-Menton model of enzyme kinetics: Algae production and nutrient
uptake due to available nutrients (Gy) was assumed to be

relative to the availability of in-stream dissolved orthophosphorus (Figure 69).
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Figure 69. Algal Growth rate due to instream nutrient concentration (Gy)

A conservative 0.004 mg/l Michaelis-Menton half saturation constant (Ks) was used in the model to
calculate Gy. This value corresponds to an algal growth rate which is one half (0.5) the maximum rate.
Typical phosphorus half saturation constants found in literature for benthic algae range from 0.004 to
0.008 mg/l.

If a nutrient control program is initiated, but the reduction in input load only reduces the nutrient
concentration to a level of about two to three times the Michaelis constant, then there will be no effect on
the algal growth. This is equivalent to the notion of the limiting nutrient. Removing a nutrient that is in
excess will not have any effect on growth until lower concentrations are reached. The treatment program
may then be ineffective. The nutrient effect on algal growth, therefore, is a marked contrast to other types
of water quality problems where reductions in input load (as in biochemical oxygen demand reduction)
can generally be considered as being advantageous (Thomann and Meuller, 1987).

Horner et al. (1990), conducting research in laboratory streams, observed that nutrient uptake by
filamentous algae increased most dramatically as Soluble Reactive Phosphorus (SRP) concentrations
increased up to 0.015 mg/l, and decreased beyond 0.025 mg/l. The author noted that this information
corroborates results presented in Horner et al. (1983): Working with the attached filamentous green algae
Mougeotia sp., Horner et al. (1983) reported that algal accrual increased in proportion to increased SRP
up to about 0.025 mg/I, but further increases were not as pronounced above that concentration,
presumably due to a saturation of uptake rates.

Bothwell (1989) reported that maximum algal growth occurred at orthophosphorus concentration of 0.028
mg/l. However, this author reported that there appears to be differences between saturation growth rates
and biomass accrual rates, with algal cellular requirements saturated at ambient phosphorus levels
between 0.003 - 0.004 mg/l (Bothwell, 1992). However, many researchers have found that much higher
levels of phosphorus are required to produce algal bloom problems in streams and rivers (Horner et al.,
1990; Horner et al., 1983; Welch et al., 1989). Discrepancies may arise because of species differences,
differing physical factors, the influences of algal mat thickness and community nutrient requirements, and
the dynamics of nutrient spiraling. Accordingly, it was assumed that the algal growth, and subsequently
the phosphorus uptake rate, was saturated at in-stream concentrations greater than 0.025 mg/l.

It is important to note that Bothwell (1985) observed that additions of multiple nutrients have a greater
stimulatory effect on periphyton than estimated from single nutrients as assumed in this modeling work.
Accordingly, pH modeling simulations may underestimate the actual production rates resulting from
nutrient additions (Gy) that would be observed in the river.
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Algal Growth Factor - Temperature (Gy)

The assimilative capacity of a water body is often proportional to temperature because of its influence on
equilibrium conditions and several biological and chemical reaction rates. In a review of laboratory
studies, field studies and mathematical models, O’Connor (1998) demonstrated that the gas transfer rate
between the water surface and overlying atmosphere, rather than the carbonate equilibrium reaction rate,
was the controlling mechanism for pH change resulting from temperature changes. Therefore the
analysis of assimilative capacity at different temperatures focuses on factors influencing CO, exchange
and not the carbonate equilibrium reaction.

Specific temperature dependent functions affecting CO, exchange include in this model are: 1) CO,
saturation; 2) maximum algal growth rate (expressed as the photosynthetic demand of carbon); and 3)
CO, aeration. Temperature influences were estimated by multiplying the ratio between the estimated rate
at predicted temperatures and the calculated rate at initial conditions, which was calibrated using
observed field temperature data.

The saturation level of carbon dioxide is related to temperature through Henry’s law and is calculated as a
function of temperature and altitude according to USEPA (1986); and as expressed by Caupp et al.
(1997):

; 3 $ Blioae
2385'73+14.01884—0.0152642*T5mp) (-0.03418 * Elivation)

CO, Saturation = 10 TemP * 3,162 %107 * ¢(288.0-0.006496 = Elivation) w 44000

Equation 18
where Temp is water temperature in Kelvin, and Elevation is elevation in meters.

The influence of temperature on the CO, aeration rate is modified using the Arrhenius relationship with a
standard reference to 20 °C. The USEPA Document (1985) identified a typical range of theta values
between 1.022 and 1.024, with a reported range of 1.008 to 1.047. This range was developed for the
simulation of dissolved oxygen. A theta value of 1.02 identified by O'Connor (1998) for CO, was used:

K, = Ky Q(Temperate(” C)-20°C)
t

Equation 19

wh%re K; is the CO, aeration rate at temperature (t), and K5, is the CO, aeration rate at
20 -C.

Temperature effects on the algal growth rate were related directly to maximum production rate (Pao2)
(Equation 11). Algal growth rate, expressed as photosynthetic demand of carbon, was adjusted for
temperature using the equations presented by the USEPA (1986):

Algal Growth (Temperature) = 0 (Temperature (C) - 20 (C))

Equation 20
Typical theta values were reported by USEPA to range between 1.01 and 1.2. Epply (1972) reported a
theta of 1.066. This value was used in the model.

2.1.3.5.2 Initial Buffering Capacity

Initial alkalinity, pH and temperature influences resulting from the mixing of Meacham Creek with the river
were included in the carbon balance calculations in the model.
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Algal Biomass Accrual

Results obtained from the application of this model do not simulate algal biomass accrual, but it provides
a method to calculate an assumed diel production (~ growth) pattern. A simple procedure proposed by
Horner et al. (1983) and discussed by Welch et al. (1989) provides a steady state kinetic prediction of the
potential periphyton biomass accrual based on physical and chemical characteristics of the river and their
influence on algae growth rates and accumulation. The model was originally calibrated against the
growth of filamentous green algae in artificial channels over a range of velocities and phosphorus
concentrations. Application of the model with site specific data from the Spokane River, Washington
(Welch et al., 1989) and the Coast Fork Willamette River, Oregon (DEQ 1995-b) indicated that the rate of
biomass accumulation reduced proportionally to that of in-stream limiting nutrient concentrations, and that
the rate of bioaccumulation was expected to decrease downstream as uptake removed the limiting
nutrient. In addition, it was also hypothesized that periphyton biomass will eventually approach maximum
levels even at low in-stream nutrient concentrations following a sufficiently long growing season.

Invertebrate Grazing

The pH model described above does not estimate the potential effects of grazing by macroinvertebrate on
the standing crops and net production of the periphyton community. Grazing may influence not only
standing crop, but also nutrient uptake and recycle rates, as well as species distribution within the benthic
algal mat. Grazing generally results in lower periphyton biomass (Lamberti et al., 1987 and; Welch et al.,
1989), a simplified algal community, lower rates of carbon production, and a constraint nutrient cycling
(Mulholland et al., 1991). Reduced production rates anticipated under a nutrient control strategy would
likely increase the relative influence of grazing as a controlling mechanism on periphyton. Hence,
periphyton biomass accrual rates in the Umatilla River may be lower than predicted by the model as a
result of a relative increased invertebrate grazing pressure at the anticipated reduced periphyton growth
rates.

2.1.3.5.3 Model Calibration

The model was calibrated using continuous pH data collected during the summer of 1996. As can be
seen in Figure 70 below, the model calculated pH was very close to the observed pH.
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Figure 70. pH Model Calibration Plot

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY PAGE 143 MARCH 2001



UMATILLA RIVER BASIN TMDL AND WQMP CHAPTER Two: TMDLS

The temperature model of the Upper Umatilla River predicts site potential maximum (7-day stat)
temperatures at Highway 11 of 69 degrees F. The pH/temperature regression and the pH model predict
that the maximum instream pH at Highway 11 will be 8.5 SU with the river achieving system potential
temperatures (see model output in Figure 71). Site potential temperature at the Umatilla River at
Yoakum Bridge site, the lowest site on the river where pH standard exceedances have been recorded, is
63 degrees F. The pH model was could not be extended to include the Yoakum Bridge site due to
insufficient data. The assumption is made that the pH and periphyton standards will be achieved at the
Yoakum Bridge site through the implementation of the temperature TMDL because the site potential
temperature is 6 degrees F cooler than at the Highway 11 site. The loading capacities for periphyton
are the site potential instream temperatures discussed above.

Figure 71. pH Model Output at Site Potential Temperatures
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2.1.3.6 LOAD ALLOCATIONS/WASTELOAD ALLOCATIONS

It was determined by the above pH modeling of the Upper Umatilla River that achieving the load
allocations and wasteload allocations established for temperature will reduce periphyton growth and lead
to the attainment of the water quality standards for pH and aquatic weeds and algae. Refer to Section
2.1.1.6 of the temperature TMDL for allocations.

Algae and pH modeling was not conducted for Butter Creek and McKay watersheds due to insufficient
data. Both are water quality limited [§303(d) listed] for pH. During the development of this TMDL, US
EPA and ODEQ agreed that pending ongoing monitoring results, the application of the temperature
TMDL surrogate allocations in these watersheds will be assumed to effect sufficient pH moderation.

The temperature TMDL allocations established in Section 2.1.1.6 are the allocations for this TMDL.

2.1.3.7 MARGINS OF SAFETY

The following are margins of safety implicit in the determination of the periphyton/pH TMDL:

e A conservative half-saturation constant was used in the model (0.004) which is at the lower
end of the range in the literature for algae (EPA, 1985).

o The pH model does not estimate the potential effects of grazing by macroinvertebrates on the
periphyton crop. Grazing may influence not only the standing crop, but also nutrient uptake
and recycle rates, as well as species distribution within the benthic algal mat. Grazing
generally results in lower periphyton biomass (Lamberti, et al., 1987 and Welch, et al., 1989),
a simplified algal community, lower rates of carbon production, and constrained nutrient
cycling (Mulholland, et al., 1991). Reduced algal production rates under the temperature
management strategy will likely increase the relative influence of grazing as a controlling
mechanism on periphyton.

o Because photosynthesis responds quantitatively to changes in light, environmental variation
in its quantity and quality potentially accounts for much of the variation in the physiology,
population growth, and community structure of benthic algae (Stevenson, Bothwell, and
Lowe, 1996). In addition to reducing periphyton growth through cooling the river, the
additional shading of the river resulting from the implementation of the temperature TMDL will
help reduce light availability, which may help the river shift from a dominance of nuisance
filamentous green algae species (i.e. Cladophora) to single cell species (i.e. diatoms).

The sediment TMDL will decrease suspended sediment, which will increase light availability in the river.
However, this increase in light availability should occur as sediment load to the river is reduced during the
winter critical season, which is not the season of concern for periphyton growth.

o Many of the margins of safety in the temperature TMDL apply to the periphyton TMDL, as
well. The margins of safety for the Umatilla Basin Temperature TMDL begin with a statement
of assumptions. A margin of safety has been incorporated into the temperature assessment
methodology. Conservative estimates for groundwater inflow and wind speed were used in
the stream temperature simulations. Specifically, unless measured, groundwater inflow was
assumed to be zero. In addition, wind speed was also assumed to be at the lower end of
recorded levels for the day of sampling. Groundwater directly cools stream temperatures via
mass transfer/mixing. Wind speed is a controlling factor for evaporation, a cooling heat
energy process. Further, cooler microclimates and channel morphology changes associated
with late seral conifer riparian zones were not accounted for in the simulation methodology.
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2.1.4 NITRATE TMDL

Wildhorse and Spring Hollow Creeks are listed on the 303(d) list as being water quality limited year-round
for nitrate nitrogen (nitrate). Nitrate TMDLs are determined herein for the listed streams.

2.1.4.1 TARGET IDENTIFICATION

The target identification is discussed below. The nitrate ion is expressed in a variety of terms in this
section. When concentrations are referred to, they are expressed as the mass of nitrogen in a particular
form, per water volume. Though this is a standard expression for nitrate, it differs from the typical method
of expressing inorganic or organic compound concentrations.

Another potential source of confusion is that the available analyses are typically of combined nitrate and
nitrite. This analysis is considered representative of the nitrate quantity because nitrite is unstable in
normal stream pH and oxidation environments and occurs in slight concentrations that are considered
insignificant for the purpose of this TMDL.

2.1.4.1.1 Nitrate related to Drinking Water

TECHNICAL BULLETIN
HEALTH EFFECTS INFORMATION

Prepared by:

Oregon Health Division
Environmental Toxicology Section
August 1990

NITRATE

Nitrate is a compound formed when nitrogen combines with oxygen. This
combination occurs in nature when nitrogen in the air reacts with oxygen or ozone.
Amounts produced in this way however, are generally very small. It is produced by
plants and animals, and is an ingredient in smoke and exhaust.

OCCURRENCE AND SOURCES OF NITRATE IN WATER SUPPLIES

Naturally occurring levels of nitrate in surface and groundwater do not generally
exceed 2 milligrams per liter (mg/l). Water with less than 10-mg/I nitrate as nitrogen
(NO3; -N) is generally safe for use in foods and beverages. Sources of elevated
nitrate levels include fertilizers, septic systems, animal feedlots, industrial wastes,
and food processing waste. It can also be naturally occurring in certain geological
settings, and can result from decaying organic matter. Elevated levels of nitrate
found in well water are often used as indicators of improper well construction or
location, overuse of chemical fertilizers or improper disposal of human and animal
waste.
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HEALTH EFFECTS OF DRINKING NITRATE CONTAMINATED WATER

The United States Environmental Protection Agency (USEPA) has set a maximum
contaminate level (MCL) of 10 mg/l for nitrate (NO3 -N) in public water supplies.
Nitrate levels above 10 mg/l may represent a serious health concern for infants and
pregnant or nursing women. Adults receive more nitrate exposure from food.
Infants, however, receive the greatest exposure from drinking water because most of
their food is in liquid form. Nitrate can interfere with the ability of the blood to carry
oxygen to vital tissues of the body in infants of six months old or younger. The result
is called methemoglobinemia, or "blue baby syndrome". Preghant women may be
less able to tolerate nitrate, and nitrate in the milk of nursing mothers may affect
infants directly. These persons should not consume water containing more than 10-
mg/l nitrate directly, added to food products, or beverages (especially in baby
formula). Other domestic use of this water supply is acceptable, including washing
and bathing.

The 10-mg/l standard for NO; -N in public drinking water supplies has been devised
to protect a select group of sensitive persons (infants, and pregnant and nursing
women). Available health information suggests that non-sensitive persons, including
healthy adults and children older than six months in age, can consume water
containing up to 20 mg/I nitrate without experiencing adverse health effects. At nitrate
levels above 20 mg/l the Oregon State Health Division recommends that alternate
water supplies be used by all persons. It has been suggested in preliminary studies
that excessive nitrate ingestion may be linked to gastric cancer. This link, however,
has not been firmly established and current exposure levels do not appear to put the
population at risk.

2.1.4.1.2 Sensitive Beneficial Use Identification

The sensitive beneficial use impacted by nitrate toxicity is drinking water.

2.1.4.1.3 Water Quality Standard Identification

Water quality standards pertaining to nitrate are both narrative and numeric:

OAR 340-41-645(2)(p)(A): Toxic substances shall not be introduced above natural
background levels in the waters of the state in amounts, concentrations, or combinations
which may be harmful, may chemically change to harmful forms in the environment, or
may accumulate in sediments or bioaccumulate in aquatic life or wildlife to levels that
adversely affect public health, safety, or welfare; aquatic life; wildlife; or other designated
beneficial uses;

OAR 340-41-645(2)(p)(B): Levels of toxic substances shall not exceed the criteria listed
in Table 20 (of the regulation) which were based on criteria established by EPA and
published in Quality Criteria for Water (1986), unless otherwise noted.

The Table 20 criteria for nitrate is 10 mg/L, which will be the instream goal of this TMDL.
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2.1.4.2 DEVIATION FROM WATER QUALITY STANDARD

Table 37 summarizes the stream segments on the 1998 §303(d) list for nitrate and Figures 72 is a map
of these segments. Oregon’s §303(d) list and its supporting data references can be publicly accessed
through the Oregon Department of Environmental Quality web page at the following URL:
http://www.deq.state.or.us. The language of the relevant standards is provided in Appendix A-7.

Table 37.  Segments on the 1998 §303(d) List for Nitrate

Waterbody Name Boundaries
Spring Hollow Creek Mouth to Headwaters
Wildhorse Creek Mouth to Headwaters

Figure 72. Segments on the 1998 §303(d) List for Toxics
(the nitrate listings are in the Wildhorse Creek watershed)

PR

2.1.4.3 EXISTING SOURCES

Typical localized sources of nitrogen in Oregon waterbodies include municipal and industrial wastewaters,
septic tanks, and feed lot dischargers. Diffuse sources of nitrogen include farm fertilizer and animal
wastes, lawn fertilizer, and leachate from waste disposal in sanitary landfills. The likelihood of
contamination varies depending on site-specific factors such as hydrogeologic vulnerability, type of
operation, and management practices.

Nitrate concentrations in the Wildhorse watershed are unusually high for the Umatilla Basin. Basin-wide
data is available in the Umatilla River Basin Data Review (DEQ 1998). No other watersheds in the Basin
exhibited exceedances of the water quality standard for nitrate toxicity. The cause of this distinction,
relative to other Basin watersheds, is not clear. The source evaluation discussion here is focused within
the Wildhorse Creek watershed.

The following table lists the historical nitrate data collected near the mouth of Wildhorse Creek. Water
quality standard exceedances are included in bold.
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Table 38. Wildhorse Creek Nitrate

Wildhorse Creek Near Mouth (Rivermiles
0.25 and 0.75)

Date Nitrogen (NO;+NO; - mg/L)
93/06/22 5.00
93/08/31 4.50
96/04/30 6.60
96/05/01 7.00
96/05/02 7.20
96/08/06 6.30
96/08/07 6.40
96/08/08 6.30
96/10/22 7.90
96/10/23 7.70
97/03/27 7.90
97/04/09 12.00*
97/04/23 2.80
97/05/07 8.90
97/05/21 11.00*
97/06/04 11.00*
97/06/18 10.00
97/12/15 9.40
97/12/22 8.40
97/12/29 9.40
98/01/05 7.40
98/01/20 3.80
98/01/27 4.10
98/02/10 7.50
98/02/17 5.10
98/02/24 6.10
98/03/03 3.80
98/03/10 5.10
98/03/17 5.40
98/03/23 6.10
98/03/31 5.40
98/04/06 6.00
98/04/14 3.00
98/04/14 6.00
98/04/14 6.00
98/08/26 2.80

* Water Quality Standard Exceedance

Figure 73 shows the nitrate monitoring locations sampled during a 1999 special survey conducted by the
Umatilla Basin TMDL Technical Committee. Monthly samples were collected during May through

December, as flow levels allowed.
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Figure 73. Wildhorse Creek Watershed Nitrate Monitoring Locations
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Table 39 lists summary statistics for the 1999 survey. One of the 1999 survey samples exceeded the 10
mg/L nitrate standard at the mouth of Sand Hollow Creek. Although it is not currently listed on the 303(d)
list for nitrate, loading capacity and load allocations are determined for Sand Hollow Creek due to the
measured exceedance of the water quality standard during TMDL development. Three samples collected

from Spring Hollow Creek in 1997 had nitrate concentrations of 19.0 mg/L.

Surface water exceedances identified in the 1999 survey were uncommon: two at Spring Hollow, one at
Sand Hollow.
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Table 39. Summary Statistics for 1999 Nitrate Stream Data

Stream Sample Location mean standard number of
nitrate+nitrite deviation samples
nitrogen (mg/l) (1999)
(mgl/l)

Wildhorse Creek above Athena, river mile 0.43 0.25 7

24.3

Wildhorse Creek at Athena, above Waste 0.82 0.7 6

Water Treatment Plant, river mile 18.5

Wildhorse Creek, Helix Hwy Bridge, river 3.97 0.86 7

mile 7.3

Wildhorse Creek near mouth, OWRD gage, | 3.72 1.05 7

river mile 0.75

Mouth of Gerking Creek 5.09 2.48 4

Mouth of Spring Hollow Creek 7.41 6.17 3

Mouth of Sand Hollow Creek 4.75 5.06 5

Mouth of Greasewood Creek 5.72 0.76 4

Wildhorse Creek Watershed Groundwater

Groundwater nitrate concentrations exceeding 10 mg/l were measured at Athena Springs and in a spring-
tank in the Spring Hollow watershed in a 1999 survey conducted monthly by the Umatilla Basin TMDL
Technical Committee. Athena Springs, an abandoned municipal drinking water source, is a spring
converted to a shallow well with laterals (less than 30-foot depth) located near Wildhorse Creek
approximately 2 miles upstream from the City of Athena. Seven samples were collected from Athena
Springs; the mean concentration is 15 mg/I.

Six samples were collected from the spring tank near Spring Hollow Creek; the mean concentration is
16.8 mg/l. The tank serves as a very shallow well, and may not be representative of a broad area.

The following are historical data collected from Athena Springs (Oregon Health Division Pendleton Files):
7/15/87 - 15 mg/l
3/1/88 - 11.2 mg/l
9/14/88 - 12.9 mg/l

Land use in the Athena Springs and Spring Hollow Creek watersheds is entirely agricultural, with
infrequent rural residences.

Reported mean nitrate concentrations from 2 wells (old construction, 250-400 foot depth) at the
Agricultural Research Station (Highway 11, 6 miles northeast of Pendleton) is 14.5 mg/l (n=8). The data
were collected between 1965 and 1997. Also, nitrate concentrations above drinking water standards
have been reported for wells in the Helix area.

The shallow groundwater in most of the Wildhorse Creek watershed resides in silts and fine sands (loess)
overlying dense basalt. The loess typically ranges up to 25 feet in depth. Summer rainfall is slight and
Wildhorse Creek is entirely dry in various sections above Athena; ground water is the source of summer
flow in Wildhorse Creek. Variously elevated nitrate concentrations occur in the Creek throughout the
year. Consequently, groundwater is a potential source for surface water contamination. Further
discussion of pollutant sources is provided in following text.
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Discussion of sources

TMDLs are allocated appropriately to point and - point source in Wildhorse watershed, the Athena
Wastewater Treatment Plant. Load Allocations for non-point sources are allocated to agriculture, in
accordance with the reasoning outlined in the next several paragraphs.

As discussed previously, potential non-point sources of nitrate include: sewage, fertilizer, plant and
animal waste and decay. For the TMDL, the Umatilla Basin has been roughly divided into 4 aggregate
land use categories: urban, agriculture (livestock management and cropland), forest and transportation
corridors such as road and rail. Another source category is natural background.

Forestry. Of these categories of potential sources of nitrate, forest sources are considered insignificant.
Nitrate concentrations are consistently low in forested watersheds in the Umatilla Basin (refer to natural
background discussion in this section). At the approximate forest/agricultural boundary (river mile 24.3 of
Wildhorse Creek), the 1999 survey mean concentration was 0.43 mg/l nitrate+nitrite as N. This is
substantially less than downstream concentrations in the Wildhorse watershed, all in non-forested areas
(Table 39).

Transportation. Transportation corridors are likely to influence transport and distribution of nitrate by
controlling runoff, but are considered an unlikely source.

Urban. Urban runoff includes sources such as pet waste, yard chemicals. No local data is known to be
available and literature values for runoff are scarce. Reported event mean concentrations in Quezner
(1998) are 0.23 mg/l Nitrate-N for non-point runoff from urban areas in Texas. This level of input is small,
relative to the 10 mg/l goal and. Another potential urban or residential source is septic systems. To
evaluate this potential screening calculations were conducted (below). ltis likely that these calculations
overestimate loading by assuming no attenuation of nitrogen between septic tanks and streams, and by
conservatively over-estimating the population using septic systems in the Wildhorse basin. This potential
septic load screening range of 14-31 pounds per day nitrate-N can be compared to the desired maximum
load at the mouth of Wildhorse Creek, at relatively low flow time of year, e.g., at 10 cfs: 552 pounds of
nitrate-N per day. In the unlikely event that the actual loading approached this screening level, septic
loading would be slight when compared to the LA, except at very low flow. While encouraged to reduce
non-point pollution, urban sources are not assigned a non-point source LA.
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Screening estimate for urban nitrate loading for Wildhorse Creek watershed

L=Q*P*C = 31 pounds per day, where:

L = pounds per day potential nitrate N loading in Wildhorse watershed from septic systems,

Q =48 gallons per day is average septic tank effluent discharge per person (Bounds, 1997),

P =900 persons utilizing home septic systems (This is likely an over-estimate - the bulk of the
population lives in Athena, population 1,200, which has a central sewer system. Adams,
population 275, is entirely on septic)

C = 85-mg/l organic and inorganic nitrogen: upper end of measured concentration range for
septic effluent (Bounds, 1997; Townsend, 1997)

or

L=M*P = 14 pounds per day, where:
L and P are defined as above,
M = estimated 5.8 pounds per person each year from septic effluent (Black, 1999; similar to
Shaw, 1992)

These screening calculations are based on the following conservative assumptions:
No plant uptake occurs, no denitrification occurs

All effluent ultimately enters the stream

All nitrogen compounds convert to nitrate

No ammonia is lost through evaporation

Removal of diluted nitrogen during storm events is not accounted for

000D o

Natural Background. Another potential non-point source is natural background. Natural background from
a geologic source is unlikely. Soails in the basin evolve from Pleistocene glacial-derived loess and
Columbia River basalt. Both of these mineral sources have minimal nitrogen content, and associated
large quantities of organic material are not expected or in evidence in the watershed. Background
concentrations are sampled in several other watershed of the Umatilla Basin (DEQ 1998). At the mouth
of Meacham Creek samples (n=19) were less than or equal to 0.03 mg/I nitrate+nitrite N from 1993-1997.
At river mile 4.2 on East Birch Creek samples in this time frame had a maximum of 0.23 mg/l (n=9).
Other than the Wildhorse watershed, the Umatilla Basin maximum concentrations range from 0.3-7.1 mg/I
for 1993-1997 data, with a maximum of 0.21 mg/l for the Umatilla Basin watershed upstream from
Wildhorse (DEQ 1998). In this same time period maximum values in the Wildhorse watershed were 12.0
mg/l at the mouth and 9.4 mg/l at Athena.

Agriculture (94% of land area). It is generally accepted that fertilizers can result in groundwater
contamination in vulnerable hydrogeologic settings (Follet, Keeney, and Cruse, 1991). Nitrogen fertilizers
are applied through much of the Wildhorse watershed for crop production. Typical nitrogen fertilizer
application rates are 75 pounds nitrogen per acre/year or greater (ARS use 30 Ibs/acre in long-term plot
studies). The Wildhorse Creek watershed is approximately 120,000 acres. Estimating that a minimum of
50 percent of the basin undergoes nutrient application annually (the Technical Committee accounted for
fallow, roads, etc.), this amounts to a loading rate of approximately 12,400 pounds per day of nitrogen as
fertilizer. As much as 75% of this is taken up by planting and harvest (personal communication with
ARS). This results in a daily nitrogen load for the watershed of greater than 3,000 pounds. The
magnitude of this loading places it in the forefront of human influence to the watershed. Also in the
category of agriculture, in some locations livestock feeding operations are located near streams.
Additional information is needed to evaluate this potential source of nitrate input. For purposes of the
load allocation, agricultural sources, whether livestock or crop-based, are not discriminated. The load
allocations are assigned generally to agricultural land uses because of the large potential for non-point
source nitrogen, based on land area and application, and the lack of potential from other land uses. For
this TMDL, 'agriculture' does not include forestry.
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Additional indication that agriculture is the primary source of elevated nitrate in the Wildhorse watershed
is found in data from Athena Springs and Spring Hollow. These Wildhorse watersheds have no urban or
forest influence, and have unusually high surface and ground water concentrations (Table 39 and
groundwater discussion above).

Nitrate is highly water soluble and mobile. In a soil environment it will tend to reside in soil moisture or
ground water, rather than adsorbing to soil particles. Nitrate concentrations in the Wildhorse watershed
generally do not exhibit a discernable seasonal pattern (Figure 74). Nitrate transport to streams, during
seasons of high runoff, is expected to be lessened in part by sediment TMDL implementation (upland
allocation measures control runoff). Near stream livestock operations should be considered as potential
sources. Other nitrate fates include vadose zone storage and transport by rainfall/infiltration to the
shallow perched loess aquifer overlying the area basalt bedrock. In the summer and fall infiltration and
groundwater transport are the primary vector for soil nitrate delivery to streams. Implementation of
measures to attain the State groundwater action level for nitrate nitrogen (7.0 mg/l) should sufficiently
minimize subsurface nitrate input to streams.

Regarding the surface water, the 1999 data meets the TMDL load capacity and it is not known whether
this is part of an improving trend.

Figure 74. Nitrate vs. time, Wildhorse Creek near Mouth
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2.1.4.4 POLLUTANT

The pollutant addressed by this TMDL is nitrate nitrogen (nitrate). The State of Oregon water quality
standard for nitrate is 10 mg/L, which is the instream goal of the TMDL.
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2.1.4.5 LOADING CAPACITY

For purposes of determining this nitrate TMDL, an instream target for Spring Hollow, Sand Hollow, and
Wildhorse Creeks is established at 10-mg/L nitrate nitrogen, the State water quality standard.

The loading capacity is streamflow dependent (listed in Tables 41 and 42). Spring Hollow and Wildhorse
Creeks are listed for nitrate year-round. Descriptive statistics for Wildhorse Creek streamflow for water
years 1999-2000 are provided in Table 40. The range of flows is approximately 1 to 200 cubic feet per
second.

The equation for determining the loading capacities of the creeks in terms of mass load (Ib/day) is:
LC=(10mg/L N) *Q * 5.39

Where:

LC = Load Capacity (Ib/day)

10 mg/L N = nitrate-nitrogen target concentration

Q = instream flow in cubic feet per second

5.39 = conversion factor to pounds per day

The loading capacities at specific flows in the creeks are presented in Tables 41 and 42.
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Table 40.  Wildhorse Creek, Rivermile 0.75, Daily Average Streamflow (cfs)
ALL SEASONS (Water Years 99-00) RESULTS:

Number of data ................. 393

... ConfLimit (U) .. ....... 22.0617
Mean ... (95% CI) ............. 19.5832

.... Conf Limit (L) ............ 17.1048
Stdrd Err Mean ................. 1.2606
Stdrd Deviation ................. 24.9911
Coef of Variation ............... 1.2761
Coef of Skewness ............. 2.7756
N-Kurtosis .......ccceeevveeeeeennnns 11.4668
Geom Mean ............coou...... 9.2194
Maximum .......ccooeveevvneeenns 194.0000
0.750 perc .......cceeecvvvnnnenn. 27.5000
Median .......ccccceeevieiieiinnnnen. 9.8000
0.250 Perc .....cccevevrveeeeanne 2.5000
Minimum ......ccooeeeiieee 1.1000
IQR oo 25.0000
Stdzd Range (Mx-Min)/Min. 175.3636

.. TM Conf Limit (U) ........ 15.4407
Trim. Mean (2x10%) .......... 14.7584

.. TM Conf Limit (L) ......... 14.0762
Trim Mean Stdrd Err .......... 1.0103
Wins. Mean (2x10%) ......... 16.6621
Winsored Stdrd Dev .......... 19.8938
Tukey Trimean .................. 12.4000
MedAD*1.483 .................... 11.8640
MnAD*1.483 ......cccceeeeeee. 23.2582

2.1.4.6 LOAD ALLOCATIONS/WASTELOAD ALLOCATIONS

The City of Athena wastewater treatment plant (WWTP) discharges treated municipal effluent to
Wildhorse Creek during the months of November through April. To calculate the wasteload allocation
(WLA) for the plant’s discharge, the amount of effluent ammonia that potentially would be converted to
nitrate during the instream nitrification process needs to be considered. Ammonia nitrogen may be
oxidized by nitrifying bacteria to nitrite and nitrate and utilizing dissolved oxygen as part of the process
(Thomann and Mueller, 1987).

A Streeter-Phelps dissolved oxygen model with an ammonia component was used to estimate the
maximum dissolved oxygen deficit from the point of discharge to the mouth of Wildhorse Creek. Average
November through April streamflow and conservative stream temperature were used as model input.
Effluent ammonia data was provided by the City of Athena. This analysis includes only nitrogenous
biochemical oxygen demand, assumes a first order nitrification rate of 6.0/day (high end of published
range for small streams with a velocity of 1-2 feet per second) (EPA Rates, Constants and Kinetics, 1985,
p. 169) and that nitrifying bacteria are present in the creek to facilitate ammonia oxidation.

Due to lack of data the analysis does not include the organic nitrogen which may be present in the
effluent. However, this omission should be offset because the analysis does not include the overall loss
of instream ammonia due to uptake by aquatic plants, and the overall loss of nitrate due to uptake by
aquatic plants or through denitrification. Model input parameters used in the modeling exercise are
presented in Figure 75 below.
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Figure 75. Streeter-Phelps Dissolved Oxygen Model Input
(Maximum instream DO reduction (deficit) due to nitrification = 0.9 mg/L)

In molecular proportion, 4.57 mg/L of dissolved oxygen are required for the complete oxidation of 1.0
mg/L ammonia (EPA, 1985). The model estimates that the dissolved oxygen consumed during instream
nitrification from the point of the Athena WWTP discharge to the mouth of Wildhorse Creek = 0.9 mg/L.
Therefore, given the conservative model input conditions, the amount of nitrate resulting from the
nitrification process, is estimated to be 0.2 mg/L. This nitrate concentration is well within the 10 percent
safety factor applied in the Athena WWTP Waste Load Allocation and is not considered a significant
factor.

The following table shows, through a range of flows measured at Wildhorse Creek at the mouth, the load
allocation (LA) for background and upstream non-point sources, and the waste load allocation (WLA) for
the City of Athena wastewater treatment plant, calculated to meet the instream loading capacity for nitrate
of 10 mg/L:
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Table 41. Wildhorse Creek Load and Wasteload Load Allocations

Allocations in Pounds Per Day of Nitrate-Nitrogen in Wildhorse Creek at Specific Flows as
Measured at the Mouth (with a 10 percent margin of safety)

Wildhorse Loading Waste Load Load Allocation | Margin of
Creek Flow Capacity Allocation - City | to Agriculture Safety
(CFS) Near (Ib/day) of Athena (Ib/day) (Ib/day)
Mouth WWTP

(effluent, Ib/day)

[facility design

flow is 0.15

MGD]
1+ 66 11 49 6
5+ 282 11 243 28
10+ 552 11 485 56
20 + 1091 11 970 110
40 + 2169 11 1940 218
60 + 3247 11 2911 325
80 + 4325 11 3881 433
100 + 5403 11 4851 541
120 + 6481 11 5821 649
140 + 7559 11 6791 757
160 + 8637 11 7762 864
180 + 9715 11 8732 972
200 + 10793 11 9702 1080

The Load Allocations for the Wildhorse Creek watershed is allocated to agriculture.

Due to having limited streamflow data for Spring Hollow Creek, a regression analysis (Figure 76) was
done by Umatilla Basin TMDL Technical Committee to estimate a maximum streamflow for calculating
load allocations. The data used in the analysis were collected monthly from October, 1998, to May, 1999.
Using the regression equation determined from the analysis, and the maximum flow of 39 cfs for Patawa
Creek during water year 1999, the predicted maximum flow in Spring Hollow Creek is 7 cfs. This estimate
is outside the range of the data used in the regression analysis, so to be conservative, 10 cfs will be used
as the high Spring Hollow Creek streamflow for determining the LAs. Limited flow data for Sand Hollow
Creek indicates that the range of flows is similar to those calculated for Spring Hollow Creek. An
estimated range of flows used to determine load allocations for both Spring and Sand Hollow Creeks is
0.05 to 10 cubic feet per second.
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Discharge Comparison-- Patawa v Spring Hollow

2.5

y = 0.174x + 0.0939
R? = 0.8994

Spring Hollow Flow (DEQ) in CFS
P

0.5

0 2 4 6 8 10 12 14 16
Patawa Creek Flow (USGS) in CFS

Figure 76. Streamflow Regression analysis, Spring Hollow Creek vs. Patawa Creek
There are no point sources on Spring Hollow Creek or Sand Hollow Creek. The LAs for Spring Hollow

Creek at the mouth, and for the range of expected flows, are listed in the following table. The LAs for the
Spring and Sand Hollow Creeks watershed are allocated to agriculture.

Table 42. Spring Hollow and Sand Hollow Creeks Load Allocations

Load Allocations in Pounds Per Day of Nitrate in Spring Hollow and Sand Hollow Creeks at
Specific Flows as Measured at the Mouths

Streamflow at Mouth | Loading Capacity Load Allocation to Margin of Safety
(cfs) (Ib/day) Agriculture (Ib/day) (Ib/day)
0.05 + 3 2 1

0.25+ 14 12 2

0.5+ 27 24 3

1.0 + 54 49 5

1.5+ 81 73 8

20+ 108 97 11

25+ 135 121 14
3.0+ 162 146 16

5.0+ 270 243 27

10+ 539 485 54
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2.1.4.7 MARGINS OF SAFETY

The margin of safety in the TMDL is explicitly allocated. Ten percent of the loading capacity has been
reserved from allocation as a margin of safety. The numeric margin of safety is presented in Tables 41
and 42.

2.1.4.8 SEASONAL VARIATION

A seasonal pattern of nitrate loading is not discernable in available data. The stream segments
addressed in this TMDL are listed for nitrate year-round. The loading capacities and load / wasteload
allocations are also determined year-round.
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2.1.5 AMMONIA TMDL

2.1.5.1 TARGET IDENTIFICATION

2.1.5.1.1 Ammonia Related to Aquatic Life

The Lower Umatilla River and North Hermiston Drain are included on the 1998 §303(d) list due to
exceedance of the state water quality standard for chronic ammonia toxicity during the summer months.

Concentrations of ammonia acutely toxic to fishes may cause loss of equilibrium, hyperexcitability,
increased breathing, cardiac output and oxygen uptake, and, in extreme cases, convulsions, coma, and
death. At lower concentrations ammonia has many effects on fishes, including a reduction in hatching
success, reduction in growth rate and morphological development, and pathologic changes in tissues of
gills, livers, and kidneys (EPA, 1985).

2.1.5.1.2 Sensitive Beneficial Uses

The most sensitive beneficial uses affected by ammonia toxicity are resident fish and aquatic life.

2.1.5.1.3 Water Quality Standard Identification

The water quality standard pertaining to ammonia is numeric:

OAR 340-41-645(2)(p)(B): Levels of toxic substances shall not exceed the criteria listed
in Table 20 (of the regulation) which were based on criteria established by EPA and
published in Quality Criteria for Water (1986), unless otherwise noted.

Ammonia toxicity criteria are pH and temperature dependent. For the purpose of this TMDL, the
Department employs chronic ammonia toxicity thresholds that vary with pH and are based on a
temperature of 25 °C (77 °F) (Table 44).

2.1.5.2 Deviation from Water Quality Standard

Table 43 summarizes the stream segments on the 1998 §303(d) list for ammonia and Figure 72 is a map
of these segments. Oregon’s §303(d) list and its supporting data references can be publicly accessed
through the Oregon Department of Environmental Quality web page at the following URL:
http://www.deq.state.or.us. The language of the relevant standards is provided in Appendix A-7.
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Table 43.  Segments on the 1998 §303(d) List for Ammonia

Waterbody Name Boundaries
Hermiston Drain, North Mouth to headwaters
Umatilla River Mouth to RM 5

Recall Figure 72. Segments on the 1998 §303(d) List for Toxics
(the ammonia listings are in the lower Umatilla Basin)

PR

The data reviewed for the North Hermiston Drain 1998 303(d) listing was collected in 1996 at rivermile
0.5. Two of three samples exceeded the chronic ammonia toxicity criteria. The data that resulted in the
Lower Umatilla River listing was collected in 1996 at rivermile 5.0, just downstream of North Hermiston
Drain. Three of eight samples exceeded chronic ammonia toxicity criteria. Additional monitoring was
conducted in 1999 and is discussed in Section 2.1.5.6.

2.1.5.3 SOURCE ASSESSMENT

The City of Hermiston municipal wastewater treatment plant (WWTP) intermittently discharges treated
wastewater to a side-channel of the Umatilla River during the summer low flow months. The North
Hermiston Drain flows into this side-channel 100-feet upstream from the WWTP outfall. Available
instream data indicate that the Hermiston wastewater treatment plant is the source of the ammonia
toxicity criteria violations, because ammonia concentrations in the Umatilla River downstream of the
outfall are high only when the effluent from the plant is discharging. The ammonia concentrations in the
Lower Umatilla River are relatively low when the WWTP is not discharging. Data collected in 1999 have
shown no indication of elevated ammonia concentrations except just downstream of the outfall.

Figure 77 shows the results of a Wilcoxon Mann-Whitney t-Test calculated using data collected during
the summer low flow season from 1996 to 1999 at Umatilla River sites above and below the Hermiston
WWTP. The WWTP was not discharging when the data were collected.

The Wilcoxon Mann-Whitney Test is a non-parametric test for comparing two populations. It is used to
test the null hypothesis that two populations have identical distribution functions against the alternative
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hypothesis that the two distribution functions differ only with respect to location (median), if at all. The
Wilcoxon Mann-Whitney test is a distribution-free test which does not require the assumption that the
data fit a normal distribution.

The t-Test on available data indicates that there is not a statistically significant difference between the
median ammonia concentrations at the monitoring sites above and below the Hermiston WWTP when no
effluent is being discharged. The difference in the median ammonia concentrations between the two sites
is minimal (0.02 mg/L).

LOWER UMATILLA RIVER ABOVE AND BELOW HERMISTON WWTP
— T T+ T T T+ T T

WILCOXON-MANN-WHITNEY TEST
I

7 = -0.9485 2xP = 0.3429

NOT Significant 80%

| | | 1 | 1 | 1 | 1 | | | 1
.6 .8 1.0 1.2 1.4
AMMONTA as N (mg/L NH3N)

Figure 77. Lower Umatilla River Ammonia without Hermiston WWTP Discharge

Figure 78 shows the impact of the Hermiston WWTP effluent ammonia on the Umatilla River during
periods of effluent discharge. The available data collected at Umatilla River sites above and below the
Hermiston WWTP outfall during the summer low flow months and when treated effluent was being
discharged were used to calculate the Wilcoxon Mann-Whitney t-Test. The test results indicate that there
is a statistically significant difference (99% confidence level) in the median instream ammonia
concentration during periods of discharge. The median ammonia concentration in the river downstream
of the discharge is 1.29 mg/L higher than the upstream median concentration.
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LOWER UMATILLA RIVER ABOVE AND BELOW HERMISTON WWTP
T f T f T f T f T f T f T f T f T f T

My

WILCOXON-MANN-WHITNEY TEST

Significant 99%

| | | 1 | 1 | 1 | 1 | | |
.0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0
AMMONTIA as N (mg/L NH3yD

Figure 78. Lower Umatilla River Ammonia with WWTP Discharge

2.1.5.4 POLLUTANT

Ammonia is present in two states in natural waters: ammonium ion (NH," ) and un-ionized ammonia
(NH3). Un-ionized ammonia is much more toxic to aquatic life than the ionic state. Since the fraction of
ammonia that is un-ionized increases as pH increases, systems with relatively high pH, such as the
Lower Umatilla River, are highly susceptible to ammonia toxicity. Table 44 illustrates the pH dependency
of ammonia toxicity.

Table 44. Total Ammonia Toxicity Criteria When Salmonids are Present

pH Range (standard units)
Total Ammonia 6.5-7.0 7.0-7.5 7.5-8.0 8.0-8.5 8.5-9.0

Chronic Criteria (mg/L-N at 25° C)
Acute Criteria (mg/L-N at 25° C

As indicated in Table 44, the chronic criteria is much less than the acute criteria. Therefore, the chronic
ammonia criteria are limiting and will be used as the target concentration for the TMDL.

2.1.5.5 LOADING CAPACITY

For purposes of determining this TMDL to meet the instream chronic ammonia criteria, the loading
capacity (Table 45) will be based upon a given flow and pH range. In calculating the loading capacity for
each range, the Department used the ammonia chronic toxicity criteria at 25 °C (77 °F) at the upper end
of the stated pH range and the flow rate at the lower end of the flow range. The following equation is
used:

Loading Capacity = river flow rate (cfs) x chronic ammonia toxicity criteria (mg/l) x conversion factor
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Table 45. Ammonia Loading Capacity (total ammonia as Nitrogen, pounds per day)

pH Range (standard units)
6.5-7.0 7.0-7.5 7.5-8.0 8.0-8.5 8.5-9.0

Total Ammonia Chronic Criteria 0.85 0.85 0.54 0.19 0.08

(mgll, as N @25° C)
In-stream Flow (cfs) Loading Capacity (total ammonia-N, pounds per day)

10 to 19.9

20 to 39.9
40 to 59.9
60 to 100
100 to 200
200 to 300

As mentioned previously, ammonia toxicity criteria are dependent on instream temperature and pH. This
LC assumes an instream temperature of 25 degrees Celsius, which represents “worst case” conditions
based on historical data. Also, in determining the LC it is assumed salmonids are present or have the
potential to be present.

2.1.5.6 LOAD ALLOCATIONS/WASTELOAD ALLOCATIONS

A Load Allocation (LA) is the amount of pollutant that natural plus non-point sources can contribute to a
stream without exceeding state water quality standards.

Load allocations are not established for this TMDL. Available data indicate that the North Hermiston
Drain and Lower Umatilla River ammonia toxicity standards exceedances result from the City of
Hermiston WWTP intermittent summer discharge.

Table 46 lists the data collected in the Umatilla River upstream of North Hermiston Drain. None of the
data exceeds the target concentrations described in Section 2.1.5.4.

Table 46. Umatilla River ammonia - 100 feet Upstream of North Hermiston Drain

[this is approximately 200 feet upstream of the WWTP outfall]

Date Time NH3-N (mg/L)
05/26/1999 13:09p 0.05
06/28/1999 13:40p 0.07
07/23/1999 11:15a 0.08
08/20/1999 10:28a 0.08
09/21/1999 11:52a 0.04
10/27/1999 11:15a 0.05
11/18/1999 10:25a 0.03
12/17/1999 10:40a 0.05

The maximum observed ammonia concentration = 0.08 mg/L. Therefore, the load allocation for
background and nonpoint sources could be calculated as follows:
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LA = 0.08 mg/L * streamflow (cfs) * 5.39

where 5.39 is a conversion factor.

No particular land uses or non-point sources have been identified as being responsible for the LA
because no load reduction is necessary to achieve the instream target concentration. If future data
indicate that non-point sources are a concern, additional analysis can be performed to more specifically
allocate loads to those sources.

A Waste Load Allocation (WLA) is the amount of pollutant that a point source can contribute to the
stream without exceeding water quality standards.

The City of Hermiston WWTP effluent ammonia concentration necessary to meet the instream loading
capacity is a function of dilution available in the receiving stream. Oregon Administrative Rules 340-41-
645(4)(a) states: “The Department of Environmental Quality may allow a designated portion of a
receiving water to serve as a zone of dilution for wastewaters and receiving waters to mix thoroughly and
this zone will be defined as a mixing zone.” The water outside of the mixing zone boundary must meet all
water quality standards under all flow conditions. The effluent loading (wasteload allocations) calculated
in Tables 47 through 51 are computed to meet this requirement. The wasteload allocation for
ammonia as nitrogen for the City of Hermiston WWTP is tabulated in Tables 47 through 51. The
wasteload allocations are expressed as pounds per day of total ammonia as nitrogen. In generating the
tables, the Department used the following equation:

Pounds/day ammonia (as N) = 8.34 x [0.9Ct x (Qe +Qr/4) - (Qr/4 x CRr)]

where

C+ = the chronic ammonia criteria (total ammonia mg/I-N) at the upper end of the pH range
Cr = Umatilla River background concentrations (total ammonia mg/I-N)

Qg = Umatilla River flow (million gallons per day)

Qe = WWTP discharge (million gallons per day)

8.34 is a conversion factor

0.9 provides a ten-percent margin of safety to account for uncertainty

The calculation for determining the wasteload allocation includes the upstream background concentration
of 0.08 mg/L (Table 46), and a ten- percent margin of safety (Section 2.1.5.8). The Department used the
low ranges for flow and the chronic toxicity for the high end of the pH range. For the purpose of
generating the wasteload allocation, it is assumed that no more than 1/4 of the Umatilla River flow will be
allowed for mixing. Permit writers should consider the actual dilution at the edge of the mixing zone when
establishing permit limits.

Table 47. Waste Load Allocation Table for the City of Hermiston WWTP
When River pH is Between 6.5 and 7.0.
River Flow WWTP (million gallons per day)
(cfs)

20t02.99 3.0t03.99] 4.0t04.99 5.0t05.99

Wasteload Allocations (Ib/day, total ammonia-N)

10 to 19.9
20 to 39.9
40 to 59.9
60 to 100
100 to 200
200 to 300
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Table 48. Waste Load Allocation Table for the City of Hermiston WWTP
When River pH is Between 7.0 and 7.5.
River Flow WWTP (million gallons per day)
(cfs)

20t02.99 3.0t03.99 4.0t04.99 5.0to5.99
Wasteload Allocations (Ib/day, total ammonia-N)

10 to 19.9
20 to 39.9
40 to 59.9
60 to 100
100 to 200
200 to 300

Table 49. Waste Load Allocation Table for the City of Hermiston WWTP
When River pH is Between 7.5 and 8.0.
River Flow WWTP (million gallons per day)
(cfs)
20t0299 3.0to 3.99\ 40to0499 5.0to05.99
Wasteload Allocations (Ib/day, total ammonia-N)
10 to 19.9
20 to 39.9
40 to 59.9
60 to 100
100 to 200
200 to 300

Table 50. Waste Load Allocation Table for the City of Hermiston WWTP
When River pH is Between 8.0 and 8.5.

River Flow WWTP (million gallons per day)
(cfs)
20to299 3.0to 3.99\ 40t04.99 5.0t05.99
Wasteload Allocations (Ib/day, total ammonia-N)

10 to 19.9

20 to 39.9
40 to 59.9
60 to 100
100 to 200
200 to 300
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Table 51. Waste Load Allocation Table for the City of Hermiston WWTP

When River pH is Between 8.5 and 9.0.

River Flow WWTP (million gallons per day)
(cfs)

20t0299 3.0to 3.99\ 40t04.99 5.0t05.99
Wasteload Allocations (Ib/day, total ammonia-N)
10 to 19.9

20 to 39.9
40 to 59.9
60 to 100
100 to 200
200 to 300

2.1.5.7 SEASONAL VARIATION

The ammonia toxicity §303(d) listings addressed in this TMDL are for the summer months. Umatilla
Basin standards for minimum design criteria for treatment and control of wastes in Oregon Administrative
Rules (OAR 340-41-655(1)(a) defines the low streamflow (summer) months as approximately May
through October. May through October is the period covered by this TMDL.

Additional information pertaining to seasonality and available upstream flow and ammonia data, is
available in the Umatilla River Basin Data Review (1998).

2.1.5.8 MARGIN OF SAFETY

The MOS is addressed through the conservative derivation of the loading capacity. The MOS is implicit
because conservative (worst case) toxicity criteria, instream pH, flow and temperature were used to
calculate the loading capacity. The toxicity criteria, flow and pH values used are at the conservative end
of their range. The instream temperature of 25 degrees Celsius (77 degrees F) is rarely exceeded in the
lower river. Also, using the current high temperature is conservative because the river will achieve lower
temperatures as the temperature TMDL allocations are implemented.

2.1.5.9 SECTION REFERENCES

EPA Ambient Water Quality Criteria for Ammonia — 1984 (January, 1985)

Umatilla River Basin Data Review, DEQ draft (March 1998)

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY PAGE 172 MARCH 2001



UMATILLA RIVER BASIN TMDL AND WQMP CHAPTER Two: TMDLS

2.1.6 BACTERIA TMDL

2.1.6.1 TARGET IDENTIFICATION

2.1.6.1.1 BACTERIA RELATED TO WATER CONTACT RECREATION

Bacteria concentrations exceeding the Oregon water quality standard have been measured in McKay
Creek and the Lower Umatilla River. These waterbodies were evaluated based on fecal coliform data
and were compared to the criteria which was used prior to March 1996. High levels of bacteria limit the
use of the waterbodies for swimming (water contact recreation). Table 52 lists the stream segments on
the 303(d) list for elevated bacteria levels.

2.1.6.1.2 WATER QUALITY STANDARD IDENTIFICATION

The following summarizes the bacteria criteria for the Umatilla Basin. The criteria for “recreational contact
in water” applies to McKay Creek and Lower Umatilla River 303(d) listings. The beneficial uses affected
by elevated bacteria levels are primary contact recreation (swimming).

Recreational Contact in Water

OAR 340-41-645 (2)(e)(A)(i):

Prior to March 1996: a geometric mean of five fecal coliform samples should not exceed
200 colonies per 100 mls, and no more than 10% should exceed 400 colonies per 100
mls.

Effective March 1996 through present: a 30-day log mean of 126 E. Coli organisms per
100 ml, based on a minimum of five samples; and no single sample shall exceed 406 E.
Coli organisms per 100 ml.

Additional conditions in the State water quality standards pertinent to this TMDL are as follows:

OAR 340-41-645 (2)(e)(B) Raw Sewage Prohibition: No sewage shall be discharged into
or in any other manner be allowed to enter the waters of the State unless such sewage
has been treated in a manner approved by the Department or otherwise allowed by these
rules.

OAR 340-41-645 (2)(e)(C) Animal Waste: Runoff contaminated with domesticated
animal wastes shall be minimized to the maximum extent practicable before it is allowed
to enter waters of the State.

OAR 340-41-645 (2)(f): Bacterial pollution or other conditions deleterious to waters used
for domestic purposes, livestock watering, irrigation, bathing, or shellfish propagation, or
otherwise injurious to public health shall not be allowed.
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2.1.6.2 DEVIATION FROM WATER QUALITY STANDARD

The bacteria data resulting in the 1998 303(d) listing for McKay Creek Mouth to McKay Reservoir
(summer) include values exceeding the fecal coliform standard (400 colonies/100ml) collected at two
sites below McKay Reservoir between water years 1986 to 1995. Fourteen percent of the 21 samples
collected exceeded the water quality standard.

The fall/winter/spring listing for McKay Creek Mouth to McKay Reservoir resulted from 12 percent of the
16 fecal coliform samples collected between water year 1986 to 1995 exceeding the water quality
standard.

The Lower Umatilla River (summer - Mouth to Speare Canyon) is listed due to 12 percent of the 25 fecal
coliform samples collected between water year 1986 to 1995 exceeding the water quality standard. The
watersheds draining to the Lower Umatilla River for which the TMDL applies are Stage Gulch, Canyons
and Gulches, and Lower Umaitilla.

Table 52 summarizes the stream segments on the 1998 §303(d) list for bacteria and Figure 79 is a map
of these segments. Oregon’s §303(d) list and its supporting data references can be publicly accessed
through the Oregon Department of Environmental Quality web page at the following URL:
http://www.deq.state.or.us. The language of the relevant standards is provided in Appendix A-7.

Table 52. Segments on the 1998 §303(d) List for Bacteria

Waterbody Name Boundaries
McKay Creek — Summer Mouth to McKay Reservoir
McKay Creek — Fall/Winter/Spring Mouth to McKay Reservoir
Umatilla River — Summer Mouth to Speare Canyon

Figure 79. Segments on the 1998 §303(d) List for Bacteria

Effective March, 1996, the State of Oregon revised its bacteria standards to be based on Escherichia coli
(E. coli), rather than on fecal coliform. The applicable standard for bacteria (i.e., E. coli) in the Umatilla
River sub-basin is now as follows:
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“Numeric Criteria: Organisms of the coliform group commonly associated with fecal sources
(MPN or equivalent membrane filtration using a representative number of samples) shall not
exceed the criteria described in subparagraphs (i) and (ii) of this paragraph. Freshwaters:

A 30-day log mean of 126 E. coli organisms per 100 ml, based on a minimum of five samples;
No single sample shall exceed 406 E. coli organisms per 100 ml (OAR 340-41-645(2)(e)(A)).
E. Coli data that was collected in the Umatilla Basin during the months of April through October was
reviewed to determine if there were exceedances of the water quality standard. Data collected from the

Butter Creek, Wildhorse Creek, Tutuilla Creek, and Birch Creek watersheds had exceedances of the
standard. The following table lists the number of data and exceedances:

Table 53. E. Coli Standards Exceedances

Watershed Number of Samples Number of Exceedances
(1993 to 1997) (406 E. Coli / 100 ml)
Butter Creek 14 5
Birch Creek 6 2
Wildhorse Creek 14 3
Tutuilla Creek 7 2

TMDLs are determined for these additional watersheds as they would likely be included on the next
303(d) list as being water quality-limited for bacteria.

All bacteria TMDLs determined for the Umatilla Sub-basin will target the relatively new E. Coli water
quality standard.

2.1.6.3 SOURCE ASSESSMENT

2.1.6.3.1 Non-point Sources

Several general land uses occur in the watersheds for which the TMDLs are determined. The land uses,
displayed in the following figures, include urban, agriculture (farming and cropland), range, forest, barren,
and water/wetlands.
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McKay Creek

/\/ Streams

Land Uses

Il Urban

[ Agriculture
Rangeland

I Forest

Il Water

Figure 80. McKay Creek Watershed Land Uses

Gulches and Canyons

/\/ Streams

Land Uses

I Urban

[ Agriculture
Rangeland

I Forest

I Barren

Figure 81. Gulches and Canyons Watershed Land Uses
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Stage Guich

Streams
Land Uses
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Barren

Figure 82. Stage Gulch Watershed Land Uses

Lower Umatilla

/\/ Streams

Land Uses

Il Urban

[ Agriculture
Rangeland

I Water
[ Wetlands

[ Barren

Figure 83. Lower Umatilla Watershed Land Uses
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Wildhorse Creek
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Figure 84. Wildhorse Watershed Land Uses

Tutuilla Creek

Land Uses
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I Urban
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.

Figure 85. Tutuilla Creek Watershed Land Uses
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Birch Creek
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Land Uses
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Figure 86. Birch Creek Watershed Land Uses

Butter Creek

/\/ Streams

Land Uses

I Urban

[ Agriculture
Range

I Forest

I Water

Figure 87. Butter Creek Watershed

Potential sources of bacteria load, in addition to general overland runoff, include confined animal feeding

operations (CAFOs), urban runoff, and failing septic systems.
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The general literature indicates relatively minimal bacteria contributions from forested and range lands.
Much larger values are reported for urban and agricultural areas. This is reinforced by Umatilla Basin
water quality sampling over the last several years (draft Umatilla Basin Data Review, 1998) — forested
watersheds such as in the upper Umatilla Basin have low concentrations of bacteria, whereas the lower
watersheds, e.g., Wildhorse, McKay, Butter, exhibit relatively high concentrations.

Assumed relative differences from land use sectors are characterized by literature values for Event Mean
Concentrations (EMCs) (values were compiled from many studies done by the USGS and other
organizations). For example, the agriculture bacteria EMC is 1.3 times that of the residential/urban EMC.

2.1.6.3.2 Point Sources

The City of Pendleton wastewater treatment plant discharges to lower McKay Creek. The Hermiston
(year-round discharge) and Stanfield (winter discharge) wastewater treatment plants discharge to the
lower Umatilla River. The effluent bacteria limits in the Pendleton and Hermiston wastewater treatment
plant NPDES permits will be adjusted to meet the instream E. Coli standard. The limits in the City of
Stanfield’s NPDES permit are already more stringent than the instream bacteria standard because the
effluent bacteria limits are based on the level Il wastewater reclaimed water criteria.

2.1.6.4 POLLUTANT

As mentioned previously, the State of Oregon recently revised its bacteria standards to be based on

Escherichia coli (E. coli), rather than on fecal coliform. McKay and Lower Umatilla Watersheds were
listed based on the old fecal coliform standard. The load and wasteload allocations in this TMDL are
designed to achieve the E. Coli standard.

The following is from the Oregon Health Division, April 1994,
Technical Bulletin on Health Effects — Coliform Bacteria:

The bacteriam E. coli is a member of the fecal coliform group and grows only in the
digestive tract of warm-blooded animals and humans. It is present in the fecal material of
all healthy warm-blooded animals and humans and it is rarely harmful. Its presence in
drinking water, however, definitely shows that sewage or other fecal contamination has
occurred and the organisms in that waste are still living in the water. It is very likely that
water that contains E. Coli could contain disease-causing organisms. Such water should
never be consumed without adequate disinfection or boiling. ...Pathogenic E. Coli (E.
Coli 0157:H7) is a very specialized and rare strain of E. Coli that causes illness and its
presence in drinking water would be an extreme health concern.

2.1.6.5 LOADING CAPACITY

Loading capacity is a term referred to in the Clean Water Act that establishes an accepted rate of
pollutant introduction to a waterbody that is directly related to water quality standard compliance. For
purposes of determining this bacteria TMDL, loading capacity for the watersheds addressed by this TMDL
is 406 E. Coli organisms per 100 milliliters, the single sample water quality standard. This single sample
standard is used because the load allocations are calculated using a daily storm event.
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2.1.6.6 ALLOCATION DEVELOPMENT

This section describes the calculation and approach utilized in developing point and non-point source
allocations.

2.1.6.6.1 Model Description

A GIS-based model was used to evaluate bacteria loading to the watersheds. The model estimates
upland runoff volume using the SCS method and applies EMCs to estimate relative bacteria loading from
the various land uses within the individual watersheds. Watershed composite maximum bacteria loads
are then calculated to meet the state water quality standard concentration.

Soils (SSURGO) (slope and hydrologic soil group), land use (USGS) and watersheds were the
geographic databases used for this modeling exercise. The databases were overlayed in ArcView to
create a composite GIS database which was used for estimating flow volume and bacteria die-off rate as
function of travel time, and bacteria load. These parameters were modeled for the McKay watershed to
address the McKay Creek bacteria summer and winter 303(d) listings, and for the Canyons and Gulches,
Stage Gulch, and Lower Umatilla watersheds which to address the Lower Umatilla summer 303(d) listing.

2.1.6.6.2 Bacteria Die Off

The bacterial die off rate during overland flow was estimated based on the travel time of the water. The
travel time of water (hydrologic time of concentration) was estimated using a kinematic wave equation
(Chow et al, 1988):

Travel Time (minutes) = T = (6.93L°°n®®)/(i ®* s °3)
Where:

L = Slope length (meters)

n = Manning's n

i = Rainfall Intensity (mm/hr)

S = Slope (m/m)

The generalized slopes were derived from the SSURGO soils data. The Manning's n values were based
on land uses (Chow et al, 1988). The slope length was entered as a constant (2000 meters).

Decay is based on the first order decay equation. Coliform bacteria are often modeled as part of water
quality studies; first-order decay has been a very good assumption in many studies, with coefficients
ranging from 0.0004 to 1.1/hour (Huber, 1993). Reported E. Coli decay rates range from 0.08 to 2.0 /day
(Thomann and Mueller, 1987).

The model assumes a decay rate of 1.0 /day. The decay rate is expressed as the percentage of bacteria
that die in the runoff during its time of travel. For example, using the assumed decay rate of 1.0/day,
approximately 33 percent of the bacteria die in runoff with a 4 hour travel time.
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First order decay (Boyce and DiPrima, 1977):

& =107"
N

o

Where: N;= number of bacteria at time t
N, = number of bacteria at time o

t = time in days

k = first order decay rate constant

The first order decay rates was input as 1.0 in the model and typically range between 0.01 and 2.0
(Moore, 1982).

2.1.6.6.3 Hydrology Model: Flow Volume — SCS Method

The runoff volume was estimated using the Soil Conservation Service (SCS) runoff depth estimation
(SCS Technical Release 55, June, 1986):

Q = (P-0.28)%(P+0.8S)

Where

Q = runoff depth in inches

P = rainfall in inches

S = storage parameters = 1000/CN - 10

CN = curve number which is a function of land use (see McCuen, 1998 for Curve Numbers)

The model is spatially-based. Calculations were performed for each polygon within each watershed.

2.1.6.6.4 Impacts of Various Land Uses

Event Mean Concentrations (EMCs) are flow weighted average bacteria concentrations during a storm
event. The EMCs were also used to study loading to the Corpus Christi Bay System in South Texas
(Quenzer, 1998). The EMCs are based on studies done by USGS and many other organizations. EMC
estimates were used to assess the relative contributions from the different land uses.

2.1.6.6.5 Design Event Magnitude (Seasonal Variation)

As with the sediment TMDL, the load allocations for bacteria are based on a storm of specified intensity,
referred to as a design storm. The design condition chosen is the precipitation which is calibrated in the
model to the 90™ percentile streamflow measured at the McKay Creek streamflow gaging station above
the reservoir (Figure 88).
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McKay Cr.
/ Above Reservoir
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i

Figure 88. McKay Creek USGS Streamflow Gage Station

The 90" percentile daily average flow for the lower flow months (April through October, 1980 to 1989)
measured at the McKay Creek gaging station is 225 cubic feet per second. The winter 90™ percentile
flow (November through March, 1980 to 1989) measured at the same site is 506 cubic feet per second.
Precipitation, runoff, and land use coefficients were adjusted in the model to calibrate to the flow values.

2.1.6.6.6 Final Composite Load/Concentrations

The bacteria load goal was estimated by the product of upland runoff volume, the target concentration,
and the percent living bacteria after die-off. The bacteria loads for all polygons in a watershed where
runoff occurred were summed and divided by the flow volume to obtain the bacteria concentration, which
does not exceed the instream water quality standard.

2.1.6.6.7 Model Calibration - Assumptions

Uncertainty exists in all modeling activities. The hydrology model was calibrated to measured streamflow
data collected at McKay Creek at Pilot Rock. The model was calibrated by adjusting the precipitation and
SCS curve numbers to fit the McKay Creek streamflow. The same calibration parameters were applied to
other watersheds.

Groundwater was not accounted for, which serves as a margin of safety, discussed below in Section
2.1.6.10.
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2.1.6.7 WASTELOAD ALLOCATIONS

A Waste Load Allocation (WLA) is the amount of pollutant that a point source can contribute to the
stream without exceeding water quality standards. The point sources that need WLAs for purposes of the
bacteria TMDL are the municipal wastewater treatment facilities operated by the cities of Pendleton,
Hermiston and Stanfield. The current NPDES permit limits for Pendleton and Hermiston are based on the
old fecal coliform instream standard. During NPDES permit renewal the effluent bacteria limits should be
updated to reflect the new E. Coli standard:

Table 54. WLAs for the City of Pendleton and Hermiston WWTPs
E Coi Shall not exceed 126 organisms/100 ml monthly geometric mean, and
) no single sample shall exceed 406 organisms/100 mL

The City of Stanfield bacteria limits are based on the level Il wastewater reclaimed water criteria which
are more stringent than the instream E. Coli standard:

Table 55. WLAs for the City of Stanfield WWTP

Total coliform 7-day median <23/100mL with no 2 consecutive samples exceeding
240/100mL.

If the City of Stanfield determines at a later date that by-passing the effluent storage pond and directly
discharging to the river is a preferred alternative to effluent reuse, the City’s NPDES could be revised to
include E. Coli effluent limits which reflect the basin standard. Any revisions to the reuse limits would
require modifying the NPDES permit and reclaimed water use plan.

2.1.6.8 LOAD ALLOCATIONS

A Load Allocation (LA) is the amount of pollutant that natural plus non-point sources can contribute to a
stream without exceeding state water quality standards. The GIS-based model described in Section
2.1.6.6 was utilized to determine non-point source LAs.

The calibrated hydrology model predicted runoff from the urban, agriculture, and range land uses. The
SCS curve numbers for the hydrologic soil groups within the forest land uses did not result in significant
predicted runoff for the summer and winter design precipitation.

Published EMC bacteria concentrations for forest land uses are relatively low (less than the instream
water quality standard). The TMDL can be refined if data collected in the future indicate that runoff and
bacteria loading from range and forest lands are contributing a significant load.

Target loads for urban, agriculture and range land uses were computed to meet an E. Coli concentration
within the runoff volume equal to the water quality standard (406 organisms/100mL). The loads are
calculated for the total urban, agricultural and range land use area within the watersheds (Figures 80
through 87, agriculture and range allocations are combined). The loading was distributed between land
uses by assuming that pollutant proportions would not change substantially. For example, published
agricultural EMCs are 1.3 times as high as urban EMCs, as cited in this chapter. A 1.3:1 ratio is
maintained in the load computation. The load allocations [LAs necessary to meet the instream water
quality standard (loading capacity)] are included in the following tables:
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Table 56. McKay Creek Watershed Load Allocations

Watershed Season Design Runoff (cfs) Loading Load
Precipitation (Calibration) Capacity Allocations
(inches) (counts/100ml) (E. Coli
Organisms)
Summer Agriculture/
McKay (April through 1.13 212 406 Range
October) 7.4 billion
Urban
400 million
Winter Agriculture/
McKay (November 1.45 519 406 Range
through March) 17.4 billion
Urban
900 million

Table 57. Lower Umatilla Load Allocations

Watershed Season Design Runoff Loading Load
Precipitation (cfs) Capacity Allocations
(inches) (counts/100ml)  (E. Coli
e ~___  organisms)
Summer (April Agriculture/
Canyons and | through 1.13 762 406 Range
Gulches October) 26.8 billion
Urban
400 million
Summer (April Agriculture/
Stage Gulch through 1.13 167 406 Range
October) 5.7 billion
Urban
90 million
Summer (April Agriculture/R
Lower through 1.13 134 406 ange
October) 4.2 billion
Urban
400 million

Table 58. Wildhorse Creek Watershed Load Allocations

Watershed Season Design Runoff (cfs) Loading Capacity Load
Precipitation (counts/100ml) Allocation (E.

(inches) Coli
Organisms)
Summer (April Agriculture/
Wildhorse through 1.13 312 406 Range
October) 10.8 billion

Urban
90 million
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Table 59. Tutuilla Creek Watershed Load Allocations

Watershed| Season Design Runoff (cfs) Loading Load Allocation

Precipitation Capacity (E. Coli
_(inches) B _(counts/100ml) = Organisms)

Summer (April Agriculture/
Tutuilla through 1.13 199 406 Range
October) 6.8 billion
Urban
270 million

Table 60. Birch Creek Watershed Load Allocations

Watershed| Season Design Runoff (cfs) Loading Load Allocation

Precipitation Capacity (E. Coli
(inches) (counts/100ml) | Organisms)

Summer (April Agriculture/
Birch through 1.13 471 406 Range
October) 16.5 billion
Urban
250 million

Table 61. Butter Creek Watershed Load Allocations

Watershed| Design Runoff (cfs) Loading Load Allocation
Precipitation Capacity (E. Coli
(inches) (counts/100ml) | Organisms)
Summer (April Agriculture/
Butter through 1.13 707 406 Range
October) 24 billion
Urban
70 million

The LAs above were determined based on a “worst case” design storm event where the single sample E.
Coli standard applies. It is assumed that meeting the worst case condition will result in achieving the “30-
day log mean of 126 E. coli organisms per 100 ml, based on a minimum of five samples” instream criteria,
which applies at all times as an instream target.

2.1.6.9 IMPLEMENTATION STRATEGIES

The goal of this TMDL is to meet the instream bacteria water quality standard in the McKay Creek and
Lower Umatilla River watersheds. It is suggested that other watersheds that comprise the Umatilla River
sub-basin also implement best management practices (BMPs) that minimize non-point sources of
bacteria.

Urban BMPs that municipalities can implement to reduce bacterial loading to streams include education
programs, reducing impervious surfaces, sewering critical areas and requiring proper septic system
placement, creating buffer zones along streams, catch basin cleaning, and street sweeping. Animal
wastes, usually from pets, are a source of bacteria in urban runoff. Bacteria levels can be lowered by
reducing or eliminating these wastes. Proper disposal of pet wastes from yards, parks, roadways, and
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other urban areas can help prevent this problem (A Watershed Approach to Urban Runoff: Handbook for
Decision Makers, 1996).

Agricultural BMPs that can reduce bacterial loading include reducing animal access to waterbodies,
reducing runoff from animal feedlots, prevention of manure from directly or indirectly entering
waterbodies, reducing soil erosion, and enhancement of riparian buffer areas.

Ongoing instream monitoring should be conducted to determine the effectiveness of management plan
implementation.

2.1.6.10 MARGIN OF SAFETY

The margin of safety (MOS) is not explicitly allocated. The MOS is addressed through conservative
modeling. The MOS is implicit as only runoff was modeled. The loading estimates are conservative as
there is no accounting of dilution by groundwater. For a given source, associated groundwater will
generally have lower bacteria concentrations than runoff, due to vadose zone retention during infiltration
and the lengthy decay time allowed by slow subsurface transport rates.

2.1.6.11 SEASONAL VARIATION

Seasonal variation is addressed through the determination of the bacteria TMDLs for the summer and
winter seasons, as appropriate, for the 303(d) listed stream segments.
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2.2 HABITAT AND SUBSTRATE

2.2.1 MANAGEMENT GOALS

Both habitat modification and sedimentation are 303 (d) listed on several streams in the Umatilla basin
based on stream fish habitat survey information collected by the Oregon Department of Fish and Wildlife
and Confederated Tribes of the Umatilla Indian Reservation (Table 62, Figure 89). While these data
were sufficient for 303 (d) listing, further evaluation was desired for the development of appropriate
measures to address these listings. US EPA policy indicates that TMDL allocations such as load
capacities are not required or necessarily suitable for parameters such as substrate fines or habitat and
flow modification. The substrate and habitat goals in this section provide measures of progress that serve
to guide restoration and link these parameters to the TMDL water quality goals.

Table 62. Segments on the 1998 §303(d) List for Habitat Modification

Waterbody Name

Boundaries

Bell Cow Creek

Mouth to Headwaters

Birch Creek, East Fork

Mouth to Headwaters

Birch Creek, West Fork

Mouth to Headwaters

Boston Canyon Creek

Mouth to Headwaters

Calamity Creek

Mouth to Headwaters

Coonskin Creek

Mouth to Headwaters

Cottonwood Creek

Mouth to Headwaters

Darr Creek

Mouth to Headwaters

Line Creek

Mouth to Headwaters

Little Beaver Creek

Mouth to Headwaters

Lost Pin Creek

Mouth to Headwaters

McKay Creek, North Fork

Mouth to headwaters

Meacham Creek

Mouth to East Meacham Creek

Meacham Creek

East Meacham Creek to Headwaters

Meacham Creek, North Fork

Mouth to Headwaters

Mill Creek

Mouth to Headwaters

Mission Creek

Mouth to Headwaters

Moonshine Creek

Mouth to Headwaters

Rail Creek

Mouth to Headwaters

Umatilla River

Wildhorse Creek to Forks

Woodhollow Creek

Mouth to Headwaters
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Figure 89. Segments on the 1998 §303(d) List for Habitat Modification

Habitat modification as indicated by the 303 (d) listing includes “such as large woody material, pool
frequency, channel width:depth ratio” [1998 303 (d) list]. Fishery monitoring and evaluation biologists
stress the need for substantial improvements in water quality, spawning, instream, and riparian habitats
(Umatilla basin fishery research/management review January 1998). A Bonneville Power Administration
(BPA) funded study (A Comprehensive Study for Rehabilitation for Anadromous Fish Stocks in the
Umatilla River Basin, 1986) clearly described that the habitat improvements proposed in the plan would
play an important role in the restoration of summer steelhead and spring chinook in the basin. There is
currently a comprehensive effort underway by the Oregon Department of Fish & Wildlife (ODFW) and
Confederated Tribes of the Umatilla Indian Reservation (CTUIR) to restore anadromous fish runs in the
Umatilla River Basin (CTUIR & ODFW 1990a; CTUIR & ODFWb; Boyce 1986). This comprehensive
restoration effort includes a multifaceted approach of addressing passage problems, enhancing
streamflows (the Umatilla Basin Water Exchange Project), habitat improvement and hatchery
supplementation (CTUIR & ODFW 1990a).

Excessive fine-grained sediment in spawning substrates of salmon and steelhead leads to three effects:
filling of interstitial spaces reducing flow that supplies oxygen and carries away waste products,
smothering of eggs or sac fry by excessive fine sediment and entrapment of fry in the substrate by an
armoring effect of consolidated sediments on the surface (Waters 1995).

Many studies have been conducted relating the size of substrate sediment particles to the survival of
embryo’s and/or alevin’s and emergence success of fry. Waters (1995) has conducted a thorough review
on the subject. Harmful size range of sediments are those less than 6.4 mm when at least 20% are less
than .84 mm in diameter (Stowell et al. 1983). Bjornn and Reiser (1991) summarized data from several
studies relating the emergence of swim-up fry to the percentage of sediment smaller than 2-6.4 mm
(Bjornn 1968, Phillips et al. 1975, Hausle and Cobb 1976 and McCuddin 1977). Emergence of fry
reduced significantly when sediments smaller than 6.4 mm comprised 20-30% of the substrate.

Following are habitat and substrate goals to address the 303 (d) listings and to protect the beneficial uses
(salmonid spawning and rearing) most sensitive to the water quality problems documented by the listings.
Because fish habitat modification and substrate fines are related by the kinds of impacts that lead to
degradation (removal of vegetation, manipulation of stream channel form and function, etc.) the measures
described below will address both parameters. These goals are based on the premise that they can be
most effectively met over the long-term by addressing the functionality of stream channels, riparian zones
and floodplains. Band-aide type approaches such as streambank stabilization and construction of
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instream structures to meet identified habitat problems are at best, short-term fixes. While short-term
fixes have their place, they are not necessarily cost effective in that they often require ongoing
maintenance to function as intended over time. After implementation of limited scope short-term fixes,
the root problem still exists.

It is hoped that by developing goals that focus on attaining the appropriate form and function of streams,
riparian zones and floodplains, that ensuing restoration efforts will take this approach. This is a different
approach than what is often taken for setting goals for habitat restoration efforts. The more traditional
approach is to set specific numeric targets for things like pool:riffle ratio, large wood debris, overhanging
cover, undercut banks, etc. This methodology works well for one-size fits all kinds of applications, but
streams are not one size fits all. The potential for stream channels to realize particular habitat features
changes on a relatively small spatial scale. The ways in which these characteristics are expressed on the
landscape are reflected in a stream’s potential to exhibit certain habitat features. These characteristics
include: valley width and slope, stream slope, channel form and pattern, system potential vegetation,
geography, soils, geology and hydrograph. These habitat and substrate goals are provided in a format
that allows implementation to focus on achieving what is potential based on the characteristics of the
stream and watershed.

Habitat and Substrate Goals:

Pebble Counts (substrate fines): Wolman (1954) pebble counts will be used as a monitoring tool to
detect trends relating to the percentage of fine sediments in spawning and rearing areas. It is realized
that this is not the optimal approach for measuring substrate fines. The pebble count biases toward larger
substrate sizes (Leopold 1994). However, it is a practical method with generally reproducible results
(Clifton et al 1996) that current entities conducting monitoring in the basin can likely accomplish. Other
measuring techniques such as freeze core samples would provide a more accurate portrayal of
subsurface substrate composition, but are very time and labor intensive, and result in “take” of species
listed under the Endangered Species Act.

As mentioned above, Stowell et al. (1983) found that the harmful size range of sediments are those less
than 6.4 mm when at least 20% are less than 0.84 mm in diameter. This serves as a summary of the
information available to date on the impacts of fine sediment and provides a goal that can be assessed
through pebble counts.

Substrate size is also largely dictated, anthropogenic impacts aside, by the parent geology, soils,
geology, geomorphology and hydrology. It should be realized that streams do not have the same
potential to provide optimum substrate for salmonid spawning and rearing. Selection of a goal for
substrate size based on survival of fish does not reflect that stream’s ability to meet the desired outcome.

The measure of progress is designated as a basin-wide change in the average of substrate sizes less
than 6.4 mm as identified by pebble counts. The actual sample design to monitor progress will be
developed as part of the long-term TMDL monitoring plan, but should be comprised of both fixed and
randomly selected sites to account for both spatial and temporal distributions of substrate sizes. As data
emerges, and variance is evaluated, the number of samples and randomization/stratification method
should be specified.

Eroding Streambanks: Recent studies indicate that the contribution of streambank erosion to total
sediment yield has been greatly underestimated (Rosgen 1996). The relative contribution of streambank
erosion to upland erosion is also displayed in the watershed sediment load allocations shown in Chapter
Two. To delineate application of upland and streambank load allocations, a relationship between percent
eroding streambank and total suspended solids was developed in the sediment TMDL. This relationship
predicts that the basin-wide average 80mg/L TSS target would be achieved at a percent eroding
streambank goal of no greater than 24%. The USDA Forest Service’s PACFISH states a goal of eroding
streambanks of 20%. Because a relationship between percent eroding streambanks and substrate fines
for the Umatilla basin does not currently exist, the recommended measure of progress is a range of 20-
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30% based on the above information. This can serve as a guiding “management goal” until better
information is available.

It should be noted that a better approach for identifying the desirable percentage of eroding streambanks
is to develop a relationship between substrate fines and eroding streambanks specific to the Umatilla
basin. However, data are not currently available to develop such a relationship. Further work should be
done in the basin to develop this relationship and to use it for measuring progress toward improvement of
substrate and fish habitat.

Stream Channel Form and Pattern: The form and functionality of a particular stream channel has much
to do with the potential quantity of fine sediments in the substrate. Streams that are not in balance with
the characteristics of the watershed are likely to exhibit high erosion rates either vertically or laterally
depending on the situation. Streams that are “stable” (maintaining relative dimension, pattern and profile)
are at or near their minimum erosion potential under natural conditions.

To assess the form and functionality of stream channels throughout the Umatilla basin, a standardized
approach of assigning quantitative and qualitative values related to the form and function of streams with
differing characteristics is needed. Rosgen (1996) describes a methodology for classifying stream
channel types based on geomorphic features. Stream channels can be grouped into different types by
measure of features such as stream slope, width to depth ratio, sinuosity, entrenchment ratio (width of
flood prone areas divided by bankfull width), and channel material. Rosgen (1996) also found that
channel types are strongly related to valley type. In other words, within a given valley type, certain
channel types would be expected. This can be used as a predictive tool for determining system potential
channel type.

To assess form and function of streams throughout the Umatilla basin, three primary measures of
channel form will be measured (sinuosity, entrenchment ratio and bankfull width to depth ratio). They will
be compared to expected values based on assessment of the desired channel type using valley form, and
knowledge of channel history as the primary predictive tools. The desired values for each of these
parameters will be the mid-range value within the predominant range for each parameter published in
Rosgen (1996), based on the desired channel type. Estimates of system potential vegetation and
channel morphology have been developed for the Umatilla mainstem from the confluence of the north
and south forks to the mouth to provide in-basin derived inputs for the TMDL temperature model. These
estimates were based on level Il surveys (Rosgen 1996) conducted in 1997 and 1998. These estimates
will be the desired values for the Umatilla River mainstem. See the Umatilla TMDL Long Term Monitoring
Plan for monitoring protocols.

Riparian Vegetation: Riparian vegetation is critical for maintaining the stability of stream channels, thus
strongly related to the composition of streambed substrates. Measures of riparian vegetation are
developed as “surrogate measures” for the temperature TMDL. The surrogate measures identified in the
temperature TMDL adequately address riparian vegetation as is related to habitat modification and
streambed fines.

Pool Frequency: The sequence of pools and riffles in a stream has significant ramifications with respect
to the streams ability to produce salmonid fish. Each feature plays a unique part in the ecology of a
stream. Riffles are often referred to as the streams “grocery store” as much of the food base is produced
in riffles. However, pools also provide important habitat for many aquatic organisms including fish. Pools
provide necessary hiding and resting cover for fish. Because both pools and riffles play important roles in
the ecosystem, it is important that streams are managed to provide the relative sequence of these habitat
types that the stream is capable of producing. By focusing on the stream’s natural potential, costly
artificial enhancements can be avoided.

The formation of pool and riffle sequences and spacing is affected by several variables including
substrate size, sinuosity, the presence of trees in streamside areas, the presence of bedrock etc.
However, in gravel bed streams the propensity of a stream to exhibit a pool riffle sequence is largely
controlled by the substrate (Leopold 1994). Leopold et al (1964) and Leopold (1994) indicates that the
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natural sequence of pools in gravel bed streams is 5 to 7 channel widths. Rosgen (1996) further refines
the pool sequence to specific channel types according to his classification system. These pool
frequencies by channel type are as follows: A channels, 1.5 to 4 bankfull channel widths; B channels, 4
bankfull channel widths; and C, E and F channels, one half the meander wavelength of 10-14 bankfull
channel widths or 5-7 bankfull channel widths.

Because each of the Rosgen (1996) channel types discussed above are exhibited in the Umatilla basin, it
would be an oversimplification to set a general target. Therefore, as discussed in the stream channel
from and function section above, the goal for pool frequency will be based on the system potential
channel type.

Actions to Meet habitat and substrate goals:

This section is intended to address restoration and/or management activities associated with streams,
riparian zones and floodplains over all settings in the basin. Upland management activities that are
related to stream sedimentation and habitat modification are addressed in the Water Quality Management
Plan. However, the habitat and substrate goals described above will serve as a tool to monitor the
effectiveness of all efforts (upland, valley bottom and instream) toward improving water quality and
habitat.

On-the-ground improvement activities should occur to restore streams, riparian zones and floodplains.
When possible, each of these elements should be included in restoration activities. As discussed in the
introduction to this section, restoration activities should consider the form and function in the development
of restoration plans. Failure to address form and function will severely limit the ability to address the
problems of substrate fines and habitat modification through on-the-ground improvement projects.

Passive restoration techniques (changes in management activities) are encouraged when conditions are
suitable to regain form and function. Restoration of riparian plant communities is the keystone to
improving many of the water quality problems in the Umatilla basin.

Active restoration approaches should focus, where possible, on addressing the identified root problems,
not consequences. Root problems are often associated with management activities such as vegetation
removal, channel straightening to gain floodplain space for development, roading, paving of watershed
surfaces, etc. Consequences are often unstable streambanks, large deposits of bedload, channel
braiding, rapid channel movements and high erosion rates, etc.

Development of restoration activities should begin with an assessment of stream/floodplain form and
function. If the problem area is not in its stable form, then restoration activities should focus on
addressing this issue rather than treating the consequences. However, it is realized that some sites do
not lend themselves to the restoration of form and function such as within the diked area of Pendleton.

The second primary approach toward addressing stream/floodplain problems is to deal with the
management issues. In other words, avoid activities that continue to compromise stream function and
instream habitat values. This would include for example the removal of large wood debris from streams.
Resource agencies should advocate for not disturbing in-channel wood, as it is a key component of
stream ecosystem productivity. Additionally, waterway alteration activities that should be avoided or
curtailed include straightening, dredging and hardening of stream channels.
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CHAPTER THREE:

WATER QUALITY MANAGEMENT PLAN
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3.1 INTRODUCTION

This plan has been prepared to guide the implementation of the Umatilla Basin watershed (TMDL)
goals described in Chapter Two. It was prepared through the Basin's TMDL process, primarily by
land-use or water-resource workgroups, who worked closely with and were supported by the two
principal committees: The Umatilla Basin TMDL Stakeholders Committee and the Umatilla Basin
TMDL Technical Committee. All committees were sponsored by a core partnership: The Umatilla
Basin Watershed Council, the Confederated Tribes of the Umatilla Indian Reservation and the
Oregon Department of Environmental Quality.

The vision of the two committees was Basin-wide input and cooperation in developing goals and
plans so that waters of the Basin will again be fishable, swimmable and drinkable. Valuable and
dedicated participation was provided by many citizens, the CTUIR, a dozen resource agencies,
municipalities and counties.

The TMDL documentation is expressed in two basic parts: the TMDL allocations (Chapter Two) and
a water quality management plan (WQMP) to implement the allocations (Chapter Three). Overview
and context common to both is contained in Chapter One, including: Basin description, discussion of
the TMDL process, the beneficial uses of water, committee process. The participants and agencies
authoring this document are identified in the Chapter One acknowledgements and in the beginning of
the core sections of this Chapter. The primary goals, the water quality problems, the data and the
method of goal development are addressed in Chapter Two.

The TMDL allocations, pursuant to the Clean Water Act, are subject to EPA and ODEQ approval.
The WQMP, at the time of preparation, is not subject to such approval. The WQMP is prepared
through a multi-agency & public partnership, including ODEQ. It represents the best currently
available recommendations for TMDL implementation.

The core sections (3.3.1 through 3.4) of this Chapter were prepared by the following five workgroups,
each comprising members representing a major land use or water resources:

e Urban & Industrial

o Agriculture (this plan was developed through the Senate Bill 1010 process)
o Forestry

e Transportation

o Water Quantity

The organization of this plan (Chapter Three) is based largely on ODEQ's 1997 guidance document
Guidance for Developing Water Quality Management Plans that Will Function as Non-point Source
TMDLs. This document lays out 10 basic elements:

1) Condition Assessment and Problem Description
2) Goals and Objectives

3) Proposed Management Measures

4) Timeline for Implementation

5) Identification of Responsible Participants

6) Reasonable Assurance of Implementation

7) Monitoring and Evaluation

8) Public Involvement

9) Maintenance of Effort Over Time

10) Discussion of Costs and Funding
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Element one is an integral part of Chapter Two. Element Two is addressed broadly in the next
section and more specifically in the parts of Section 3.3 that are specific to land use. Element Three
is addressed in Section 3.3. Elements four through ten are discussed variously in Section 3.5
(General Elements) and by land use in Section 3.3.

The Umatilla Sub-Basin TMDLs of Chapter Two are established for point sources (localized outlet
such as a pipe) and non-point sources (landscape derived "pollution" such as field erosion, excess
sunlight due to vegetation removal). This plan, i.e., Chapter Three, primarily addresses non-point
source pollution, flow impairment and storm water. Point sources are addressed through a
permitting process stemming from the Clean Water Act and administered by ODEQ. Point source
permits (National Pollution Discharge Elimination System of the Clean Water Act) will be modified by
ODEAQ to reflect the Chapter Two TMDL waste load allocations soon after TMDL issuance.

3.1.1 INTEGRATION WITH MULTIPLE PROGRAMS

The management planning of this chapter relies much on existing programs and makes
recommendations for policy and rule development and ongoing monitoring to fully implement TMDLSs.
Examples of existing programs that are supporting TMDL implementation include:

The agricultural management plans of Oregon's Senate Bill 1010
Oregon's Forest Practices Act

The CTUIR Natural Resource Programs

ODOT's Routine Road Maintenance and Repair Manual Implementation
Standards and Guidelines of the Umatilla National Forest

County and City Comprehensive Plans

Existing and developing Storm Water Programs

Umatilla Basin Watershed Council Outreach

Monitoring programs of CTUIR, ODEQ, USFS, ODFW, OWRD

The Umatilla Basin Project, Phase | and Phase Il
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Noteworthy and of particular benefit has been the partnership and cooperation between the UBWC,
CTUIR, ODEQ and the natural resource agencies. Inter-organizational planning, goal development,
monitoring and resource sharing has been exemplary and very effective in the Umatilla Basin.

As described in the Chapter One overview, TMDLs are allocations of pollutants limitations,
individually developed for each basin. Substantial components of Oregon's land use and
management planning occur on a statewide basis. An important role of this document is to
coordinate statewide and Basin planning and goals that are consistent with local values and
watershed characteristics. The statewide infrastructure brings guidance, regulation and resources.
Each basin is unique in its physiography, ecology and culture. The strategy herein is to draw on
existing programs and rules at all levels of government and to integrate basin and regional programs.

TMDLs are only recently being established in many basins. As such it is recognized that existing
programs are likely to need modification and evaluation in order to implement TMDLs. In Section 3.3
and 3.4, agencies, communities and citizens are encouraged to fill in gaps and conduct ongoing
monitoring and evaluation of programs, rules and progress. This applies to water quality monitoring
and the effectiveness of programs and practices. It is also recognized that water quality
improvement, such as substantially decreased temperatures, will take many decades.
Implementation of TMDLs should begin as soon as possible.
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3.1.2 CONFEDERATED TRIBES OF THE UMATILLA INDIAN
RESERVATION

The CTUIR has strongly supported the Umatilla TMDL process with staff, monitoring, guidance and
TMDL methodology development and examples of watershed restoration projects. The CTUIR have
advocated and facilitated the Umatilla Basin Project - providing substantial improvement in flow and
water quality, and re-introduction of salmon. This contribution to the basin cannot be overstated.

This document does not apply on the Reservation, as discussed in Chapter One. A TMDL is
currently being prepared for Reservation land by the CTUIR. The State of Oregon and the CTUIR
have worked together closely in Basin-wide TMDL development, recognizing Treaty rights and the
mutual interests of both political entities. The core partnership between the Tribes, the Watershed
Council and the ODEQ, and five years of cooperation between this partnership and the other Basin
natural resource organizations, have laid the foundation for TMDL development within and outside of
the Reservation that is mutually supportive and consistent.

Treaty-reserved resources and interests, such as water quality, apply throughout the Umatilla Basin.
As discussed in Chapter One, the Umatilla Basin lies entirely within the 6.4 million acre CTUIR
Ceded Territories (refer to Figure 2 for identification of Ceded Territories). It is important to recognize
Tribal rights and Tribal commitment and dedication in supporting Umatilla Basin watershed planning,
and specifically this TMDL and WQMP.

3.2 OVERALL GOALS

3.2.1 TMDL AND RELATED GOALS

The establishment of TMDLs and a continuous planning process to implement them are required via
Section 303 of the Federal Clean Water Act. Oregon's TMDL program is codified in state statute and
regulation. For further discussion of TMDLs, WQMPs, legal context and adaptive management; refer
to Chapter One and the balance of Chapter Three.

As described in Chapter Two, TMDL load allocations are expressed as numeric targets for:

Minimum stream shading

Maximum stream channel width

Maximum stream channel width:depth ratio

Upland erosion reduction

Streambank erosion reduction, translated to percent stable streambanks
Instream nitrate load limitation

Limitation of bacteria concentrations in runoff

* & 6 6 6 00
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The load allocations are based on 303(d) listings for temperature, turbidity, bacteria and nitrate.
Other listings that are not associated with "allocable pollutants” include: flow and habitat modification,
sedimentation (excess streambed fines). Flow is addressed generally through the recommendations
and programs of Section 3.4. To improve the system with regard to these other non-allocable
concerns, progress indicators have also been established for (Section 2.2):

¢ Decreased entrenchment

Streambed grain size

Percent eroding streambank also meets streambank erosion reduction load allocation
referred to above

Sinuosity

Entrenchment ratio

Bankfull width to depth ratio

Pool frequency

* o

* & & o

It is important to recognize that each variable above is interdependent, and they should be addressed
collectively. Most if not all will passively improve if human stressors are minimized, i.e., allowing
banks to stabilize by removing stress or providing space for stable channel development,
encouraging the return of riparian vegetation and reconnecting floodplains. When in doubt as to the
appropriate vegetation to promote, indigenous species are logical for the system and taller woody
species are generally more effective towards reducing temperatures.

Stakeholders Committee Goals

Listed below are the Umatilla Stakeholders TMDL Committee recommended management goals,
prepared to guide management plan development and TMDL allocation attainment. This is included
here to relay the Committee's vision of improved water quality, providing perspective and visualization
of TMDL implementation.

Administrative/Planning

¢ Target water quality attainment within 20 years, where feasible (It is acknowledged some
improvements will be dependent on vegetative growth rates, channel evolution, and other
factors that may require many decades to fully manifest).

¢ Incorporate water quality planning when implementing development.

¢ Stream classification and stability evaluation are encouraged, to prioritize areas of
sediment and temperature improvement and to document current conditions. Rosgen
Level Il Inventories (Rosgen, D.L., 1994) and Proper Functioning Condition (BLM Technical
Reference 1737-9) are two methods that have been applied in the Umatilla Basin.

+ Practice ridgetop to ridgetop management that improves water quality and quantity.

¢ Conduct public education: resources, practices, funding and other information that
supports watershed health.
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Floodplain & Channel Improvement and Reduction in Erosion/Sediment

¢ Natural stream development is optimal for maintaining and improving river conditions.
Wherever feasible, allow stream channels to develop and flood naturally, while protecting
personal property rights and uses. Through time, adopt zoning/incentives encouraging
movement of buildings and structures out of the active floodplain.

¢ Consider (fencing and) alternatives to fencing to protect riparian zones.

¢ Wherever feasible, including ephemeral and intermittent streams, allow and promote
riparian vegetation. Establish improving riparian condition trends.

¢ Minimize future channel modifications such as straightening, re-locating and constricting,
except where beneficial uses are otherwise supported.

¢ Support existing rules and permitting process regarding instream work. (all workgroups
except water quantity)

¢ Encourage a net decrease in turbidity.

¢ Promote bank stability through vegetation, animal control and natural channel
development, where feasible and beneficial.

¢ Through erosion reduction, establish decreasing trends in streambed fine particles in
depositional reaches.

Flow and Habitat

¢ Encourage water conservation.

¢ Allow naturally deposited woody debris to remain in stream channels, where appropriate.
¢ Promote wetland development.

¢ Encourage beaver re-population, where appropriate.

Upland and Channel

+ Implement all feasible steps to maintain upland vegetative ground cover.

¢ Minimize practices that can negatively impact water quality and quantity.

+ Improve stream bank stability, to promote naturally functioning systems, where appropriate.

¢ Identify high priority streams for flow restoration and develop voluntary, market-based
approaches to convert consumptive water rights to instream water rights.

Promote and Implement Oregon Administrative Rules, such as:

¢ OAR 340-41-645 (1) “Notwithstanding the water quality standards... the highest and best
practicable treatment and/or control of wastes, activities and flows shall in every case be
provided so as to maintain dissolved oxygen and overall water quality at the highest
possible levels and water temperatures, coliform bacteria concentrations, dissolved
chemical substances, toxic materials, radioactivity, turbidities, color, and other deleterious
factors at the lowest possible levels.”

¢ OAR 340-41-026 (6-10) [These rules apply to specific sources or water bodies: lakes,
reservoirs, log handling, sand and gravel removal, logging and forest management, road
building and maintenance.]

¢ OAR 340-41-026 (6-10) “...federal, state and local resource management agencies will be
encouraged and assisted to coordinate planning and implementation of programs to
regulate or control runoff, erosion, turbidity, stream temperature, stream flow, and the
withdrawal and use of irrigation water on a basin-wide approach so as to protect the quality
and beneficial uses of water and related resources. Such programs may
include...development of projects for storage and release...urban runoff control...possible
modification of irrigation practices...streambank erosion reduction projects.”

Temperature is the most widespread water quality issue identified in the Basin [§303(d) list]. Along
with increased flow and reduced erosion, temperature reduction is the most important improvement
related to the most sensitive beneficial use - salmon and trout. Management practices that improve
temperature tend to improve all other stream characteristics, to improve habitat and to reduce other
pollutants. Strong emphasis is placed upon the effective shade goal. In order to meet this goal,
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vegetation must be taller and close to the bank and the channel must be narrower. Narrower
channels are a normal result of healthy riparian vegetation, floodplain interaction and stable (often
sinuous) channel form. The resultant bank stability is expected to achieve the TMDL streambank
erosion reduction target. For temperature, the goals above can all be interpreted as increased
vegetation and more space for natural stream processes, to the extent feasible. For upland erosion,
nitrate and bacteria, ridgetop to ridgetop management modification is needed as well.

Groundwater flow can be an important source of stream cooling and can be enhanced through
floodplain re-establishment, increased vegetation in uplands and riparian areas, increased sinuosity
and other morphologic and hydrologic changes. The CTUIR is currently developing a method to
determine the groundwater potential along the Umatilla mainstem. This should assist in determining
where this category of restoration will provide greatest benefit.

Figure 90 illustrates the importance of riparian vegetation to fish health. Fish and other aquatic
organisms are generally the most sensitive indicator of water quality impairment. When combined
with other forms of floodplain restoration, system potential cool temperatures can be re-established.

This Chapter makes reference to Section 303(d) of the Clean Water Act. Section 303(d) requires
state and federal agencies to list waterbodies that do not meet water quality standards and to
establish TMDLs accordingly. For more information refer to Chapter One.
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Figure 90. Relationship of Vegetation to 303(d) Listed Parameters and to Fish Health
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3.2.2 QUALIFIER ON STRUCTURAL RESTORATION

Progress toward the above goals should be undertaken in a manner which favors the highest
ecological potential and greatest channel stability. Encouraging riparian vegetation and providing
more space for sinuosity and floodplain connection are nearly always beneficial, and can be all that is
needed. On the other hand, installing instream structures, armoring banks and artificially re-shaping
channels can be problematic and should be carefully and professional evaluated in terms of:

+ water quality and habitat benefits, both near and long-term

+ the relative importance and effectiveness of engineered control (typically for protection of
property)

¢ long-term maintenance costs of such structures

¢ long-term influence of the structure on channel shape

¢ the appropriateness of design in addressing all these concerns

Up- and down-stream bank stability and habitat quality require environmentally informed analysis of
channel materials, hydraulics, vegetation and other system attributes. Instream work, if and when
beneficial, can be permitted through DSL, ODFW, the US Forest Service and others. Consultation
with these agencies should be obtained. In many instances such consultation or permitting is a legal
necessity.
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3.3 MANAGEMENT BY LAND USE

This section, authored primarily by the land use workgroups, identifies practices and steps for TMDL
implementation. Land uses are organized in 4 broad categories; each is addressed separately in this
section:

Urban & Industrial (including non-incorporated residential/commercial)

Agriculture (addressed through the Senate Bill 1010 Process and included here by reference)
Forestry (state and federal)

Transportation corridors (including road, rail and utility corridors)

* & o o

Agriculture and Forestry are considered separate because they are regulated separately. Agriculture
as it is used here includes croplands, range and feeding operations and associated practices
including rural residential agricultural activities. Refer to Chapter One for a map of Umatilla Basin
land uses.

The practices are directed to non-point source pollution, with the exception of storm water, which is
generally treated as a non-point source in the TMDL context, and falls under the TMDL load
allocations for non-point sources.

Supplementing the contents of this section, The Umatilla TMDL Stakeholders Committee identified
two watershed concerns that apply to multiple land uses and recommend they be addressed by all
sectors as applicable. These are:

¢ crop cultivation on road shoulders
¢ noxious weed control

It is traditional practice in the Basin to cultivate crops on road right-of-ways. This helps control
noxious weeds that could invade croplands and can reduce the cost of road maintenance weed
control by the transportation authorities. However, this practice also can result in uncontrolled runoff
and can directly route sediment, nutrients and pesticides to waterways. It is recommended that this
issue be evaluated in terms of the severity of the problem and beneficial alternatives. The logical
parties are ODA, SWCD, and Counties and other transportation authorities with the Umatilla Basin
Watershed Council.

Noxious weeds are a major watershed concern, near-stream and in the uplands. Noxious weeds
such as knapweed have a small fraction of root volume, and consequently they have limited soil
retention capability. Thistles and loosestrife out-compete beneficial riparian and upland vegetation.
Noxious weed infestations are readily observable virtually throughout the Basin. The Umatilla County
noxious weed control authority has stated that the area of infestation is growing, and that in addition
to existing populations, noxious weeds in neighboring counties and states are expected to expand
into Umatilla County. Millions of acres of land in the Pacific Northwest are occupied by dense stands
of noxious weeds. Appendix A contains a list of noxious weeds and the Umatilla County noxious
weed control ordinance. It is recommended that counties, citizens, municipalities, transportation
authorities, federal land managers and industry develop and implement ongoing and increasingly
effective noxious weed control programs.
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The following is a short list of effective methods for dealing with noxious weeds.

Use of desirable herbicides to manufacturer’'s recommendation
Reseeding desirable weed free grass and vegetation in disturbed areas
Manage livestock grazing, do not overgraze

Biological options (insects)

Mowing before undesirable plants go to seed

Hand pull or remove

Reduce spread by cleaning vehicles and equipment

Use of more competitive natural plant species

Reduction in soil disturbances as much as possible

10 Road maintenance/closure because roads tend to spread weeds effectively
11. Limit the introduction of non-native species
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3.3.1 Urban and Industrial

3.3.1.1 OVERVIEW AND BACKGROUND

3.3.1.1.1 Committee

The Urban/Industrial Workgroup began work in February, 1999. The Workgroup made an
effort to reach out to cities, counties, businesses and industry throughout the Umatilla River Basin
that might be affected by the TMDL and to include them in the preparation of this Water Quality
Management Plan (WQMP). We would like to offer sincere thanks to the following individuals for their
efforts and dedication in preparing the Urban/Industrial WQMP:

Emily Bennett (Masonite), Brad Bogus (Tt/KCM Engineering, representing City of Hermiston),
Don Butcher (DEQ), Jayne Clarke (Pendleton Ready Mix), Steve Draper (City of Pilot Rock), Aletha
Eastwood (Umatilla Basin Watershed Council), Roger Frances (City of Umatilla), Duane Hederly
(Kinzua Resources), Larry Hughes (Rocky Mountain Colby), Dave Johnson (Eastern Oregon
Correctional Institution), Karen King (City of Pendleton), Sue Lawrence (City of Pendleton & Umatilla
Basin Watershed Council), Gilberta Lieuallen (City of Adams), Jeff Lyon (L.P. Consulting, Hermiston),
Joe McDonald (Pendleton Grain Growers), Scott Morris (City of Stanfield), Arnie Neely (City of Echo),
Patty Perry (Umatilla County Planning Department), Eric Pickard (City of Athena), Robert Ramig
(Mayor, City of Pendleton), Harry Schuening (Mayor, City of Helix), Sara Simrell (Umatilla County Soil
and Water Conservation District), Bill Smith (Blue Mountain Lumber), Nicole Taylor (Masonite), and
Heidi Williams (DEQ).

3.3.1.1.2 Scope

This section was prepared by the Urban/Industrial Workgroup as an attachment to the Total
Maximum Daily Load (TMDL) for the Umatilla River Basin. The intent of the Urban/Industrial water
quality management planning is to address non-point source pollution with achievement of the TMDL
load allocations as the primary goal. Another important goal is to fulfill the management goals
prepared by the Umatilla River Basin Stakeholders Committee (Section 3.2). Point sources of
pollution are currently addressed through the state and federal environmental permitting process.
The Urban/Industrial Workgroup addresses municipal, industrial, commercial and unincorporated
development concerns that are not accounted for by the other Umatilla River Basin WQMP
workgroups.

The Urban/Industrial Workgroup believes that the main purposes for addressing municipal,
industrial, commercial and unincorporated development areas are to prevent runoff from these
sources that could convey pollutants to the stream systems and to enhance and protect riparian
areas. The Workgroup also recognizes the need to address impacts of new construction and
development. This includes Clean Water Act (CWA) 303(d)-listed parameters that are addressed in
the TMDL as well as toxic chemicals that are generated from daily use in urban, industrial and
residential areas. It is important to the citizens of the Umatilla Basin to provide both education on
hazardous chemicals and simple and accessible methods to properly dispose of these potentially
toxic pollutants that could pollute our water sources. Though hazardous chemicals have not been
identified through the Umatilla Basin 303(d) process, general pollution prevention is considered an
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important aspect of watershed enhancement that can be addressed collectively with the Basin-wide
concerns such as excess temperature and sediment.

The Urban/Industrial Workgroup recommends addressing the following urban, commercial,
industrial and residential land uses in the Umatilla Basin that are not covered by other WQMPs:

. Municipalities including lands within their city limits and lands within their Urban Growth
Boundaries (UGBs);

. Industrial and commercial entities within their property lines;

. Other rural community, residential, commercial, and industrial concerns.

The WQMP is designed to address and reduce pollutants associated with runoff from
permeable and impermeable surfaces; to address issues associated with disposal of potentially toxic
pollutants; and to protect and enhance riparian zones. Through the use of public education and
outreach and the application of Best Management Practices (BMPs) identified in this section, there
should be a significant decrease in pollutant loads associated with municipal, industrial, commercial,
and unincorporated development areas.

3.3.1.1.3 Management Plan Implementation Goals

> Address non-point source (NPS) pollution and achieve TMDL load allocations.

> When and where applicable, meet the Umatilla TMDL Stakeholders Committee management
goals listed in Section 3.2.

> Encourage public awareness and participation through educational outreach.
> Develop and implement a program to effectively manage household hazardous waste.
> Develop, promote, and implement NPS best management practices (BMPs) for single-family

residences, urban, industrial, and commercial entities and unincorporated developments to
meet water quality standards.

> Evaluate existing ordinances, rules and policies that address water quality and identify areas
that need improvement.

> Develop sample ordinances, rules and policies which could be adopted by city, county,
industrial, commercial entities and unincorporated developments to meet water quality goals.

> Implement ordinances, rules and policies as determined appropriate by city, county,
industrial, or commercial entities and u