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CHAPTER 1. INTRODUCTION

1.1 Overview and Geographic Scope of TMDL

The Shasta River Total Maximum Daily Loads (TMDLs) for Temperature and Dissolved
Oxygen are being established in accordance with Section 303(d) of the federal Clean
Water Act (CWA). The State of California has determined that the water quality
standards for the Shasta River are not being achieved due to elevated water temperature
and organic enrichment/low dissolved oxygen concentrations. In accordance with CWA
Section 303(d), the State of California periodically identifies those waters that are not
meeting water quality standards. The United States Environmental Protection Agency
(USEPA) added the Shasta River watershed to California’s 303(d) List of Impaired
Waters (303(d) List) in 1992 due to organic enrichment/low dissolved oxygen and in
1994 due to elevated temperature. The Shasta River watershed has continued to be
identified as impaired in subsequent 303(d) listing cycles, the latest in 2002. These
listings of the Shasta River watershed apply to the Shasta River from its mouth to
headwaters, and include all tributaries and Lake Shastina.

Elevated water temperatures and low dissolved oxygen levels in the Shasta River and its
tributaries have resulted in the impairment of designated beneficial uses of water and the
non-attainment of water quality objectives. The primary adverse impacts of elevated
water temperature and low dissolved oxygen in the Shasta River and its tributaries are
associated with cold water fish. The cold freshwater habitat beneficial use includes the
migration, spawning, reproduction, and early development of cold water fish including
coho salmon (Oncorhynchus kisutch), Chinook salmon (O. tshawytscha), and steelhead
trout (O. mykiss). The coho salmon population in this watershed is listed as threatened
under the federal Endangered Species Act and the California Endangered Species Act.
Elevated water temperatures and low dissolved oxygen levels may also affect recreational
use, subsistence fishing, and commercial and sport fishing uses. Additionally, elevated
water temperatures may be linked to impairment of the municipal and domestic water
supply beneficial use of Lake Shastina.

1.2 Report Organization

The Shasta River TMDL is comprised of two distinct parts: the Staff Report and the
Action Plan. This document is the Staff Report that supports and justifies the Action
Plan. The content of each chapter in this Staff Report are outlined here:
e Chapter 1- Regulatory framework and watershed overview
e Chapter 2 — Temperature and dissolved oxygen conditions of the Shasta River
watershed
e Chapter 3 — Factors affecting temperatures of the Shasta River watershed
e Chapter 4 — Factors affecting dissolved oxygen concentrations of the Shasta River
watershed
e Chapter 5 — Analytical methods and approach
e Chapter 6 — Temperature TMDL and load allocations
e Chapter 7 — Dissolved oxygen TMDL and load allocations
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Chapter 8 - Implementation strategy
Chapter 9 - Monitoring plan

Chapter 10 — Reassessment

Chapter 11 — Antidegradation analysis
Chapter 12 — Environmental analysis
Chapter 13 - Economic analysis

Chapter 14 — Public participation process

The full title of the Action Plan is the Action Plan for the Shasta River Temperature and
Dissolved Oxygen Total Maximum Daily Loads. The Action Plan, hereinafter known as
the Shasta River TMDL Action Plan, includes the temperature and dissolved oxygen
TMDLs and is based upon the information presented in the Staff Report. The Shasta
River TMDL Action Plan is proposed as an amendment to the Water Quality Control
Plan for the North Coast Region (Basin Plan) for adoption by the North Coast Regional
Water Quality Control Board (Regional Water Board) and approval by the State Water
Resources Control Board (State Water Board), Office of Administrative Law (OAL), and
the United States Environmental Protection Agency (USEPA).

1.3 Regulatory Framework and Purpose

The Regional Water Board is the California State agency responsible for the protection of
water quality in the Shasta River Basin. The North Coast Regional Water Board is one of
nine Regional Water Boards that function as part of the California State Water Board
system within the California Environmental Protection Agency. The Regional Water
Board implements both the Porter-Cologne Water Quality Control Act, part of the
California Water Code, and the federal Clean Water Act. Water quality standards and
control measures for waters of the North Coast Region are contained in the Water Quality
Control Plan for the North Coast Region (Basin Plan).

1.3.1 Clean Water Act Section 303(d)

Under CWA Section 303(d), states are required to develop a list of water bodies where
technology based effluent limits or other legally required pollution control mechanisms
are not sufficient or stringent enough to meet water quality standards applicable to such
waters. The 303(d) List also identifies the pollutant/stressor causing the impairment, and
establishes a prioritized schedule for addressing the water quality impairment. Placement
of a water body on the 303(d) List acts as the trigger for developing a pollution control
plan, called a Total Maximum Daily Load (TMDL), for each water body-pollutant/
stressor combination and associated pollutant/stressor on the 303(d) List. The TMDL
serves as the means to attain and maintain water quality standards for the impaired water
body. The specific requirements of a TMDL are described in the United States Code of
Federal Regulations (CFR) Title 40, Sections 130.2 and 130.7 (40 CFR § 130.2 and
130.7), and Section 303(d) of the CWA.

In California, the authority and responsibility to develop TMDLs rests with the Regional
Water Boards. The USEPA has federal oversight authority for the CWA Section 303(d)
program and may approve or disapprove TMDLs developed by the state. USEPA Region
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9 is responsible for the North Coast region of California. If the USEPA disapproves a
TMDL developed by the State, the USEPA is then required to establish a TMDL for the
subject water body.

1.3.2 California Porter-Cologne Water Quality Control Act

In California, the Porter-Cologne Water Quality Control Act (California Water Code,
Division 7, Water Quality) requires a program of implementation for a TMDL to be
included into the Basin Plan (CWC § 13050(j)(3)). This program of implementation
must include a description of actions necessary to achieve Basin Plan water quality
objectives, a time schedule for specific actions to be taken, and a description of
monitoring to determine attainment of objectives.

In March 1997 US EPA signed a consent decree addressing 17 rivers in the California
North Coast, including the Shasta River (Pacific Coast Fisherman’s Association et al. v.
EPA). Under the terms of the consent decree, a court-ordered schedule for completing
TMDLs for these rivers was developed. The schedule requires approval of the Shasta
River TMDLSs by January 2007.

1.3.3 Endangered Species Act Consultation

The USEPA and the Regional Water Board have initiated an informal consultation
process with the U.S. Fish and Wildlife Service (USFWS) and the National Oceanic and
Atmospheric Administration, Fisheries (NOAA Fisheries) on Klamath River Basin
TMDLs, including the Shasta River. Regional Water Board and USEPA staff have used
this process to provide information and updates on the TMDLs in the Klamath Basin,
namely the Salmon, Scott, Shasta, Lower Lost, and Klamath River TMDLs. In addition,
both NOAA Fisheries and the USFWS have participated in the Shasta River TMDL
Technical Advisory Group (see Section 1.3.6) meetings.

1.3.4 What is a TMDL?

A TMDL is a planning and management tool intended to identify, quantify, and control
the sources of pollution within a given watershed such that water quality objectives are
achieved and the beneficial uses of water are fully protected. A TMDL is defined as the
sum of the individual waste load allocations to point sources, load allocations to non-
point sources and natural background loading. The amount of pollutant that a water body
can receive without violating the applicable water quality objectives is the loading or
assimilative capacity of the water body, and is calculated as the TMDL. Loading from all
pollutant sources must not exceed the loading or assimilative capacity (TMDL) of a water
body, including an appropriate margin of safety.

1.3.5 Purpose and Goals of the Shasta River TMDL Action Plan

The purpose of the Shasta River Temperature and Dissolved Oxygen TMDLs is to
estimate the assimilative capacity of the system with respect to the total thermal, nutrient
and oxygen-consuming loads that can be delivered to the Shasta River and its tributaries
without causing an exceedance of water quality standards. The TMDLs then allocate the
total loads among the identified sources of these pollutants in the watershed. Although
factors other than elevated stream temperature and low dissolved oxygen in the watershed
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may be affecting cold water fish related beneficial uses and thus affecting salmonid
populations (e.g., climate change and ocean conditions), these TMDLs focus only on
stream temperature and dissolved oxygen conditions in the watershed; the impairments
for which the Shasta River is listed under CWA Section 303(d).

The Action Plan component of the TMDL outlines a strategy to meet the TMDL loading
allocations. The goal of the Shasta River TMDL Action Plan is to achieve the
temperature and dissolved oxygen water quality objectives, and restore and protect the
beneficial uses of water in the Shasta River watershed. TMDL Action Plans apply to
those portions of the watershed governed by California water quality standards, and do
not apply to lands under tribal jurisdiction.

1.3.6 Public Participation

The public was involved during the development of the Shasta River TMDL in several
ways. Regional Water Board staff met with key stakeholder groups, including the Shasta
Valley Resource Conservation District (SVRCD), Shasta River Coordinated Resource
Management Planning Council, Siskiyou County Board of Supervisors, and the Klamath
Basin Fisheries Task Force (KBFTF). In addition, Regional Water Board staff met with
individual property owners upon request. The purpose of these meetings was to provide
information on the TMDL development process and approach, to update the groups on
the status of TMDL development activities, and to answer questions. Regional Water
Board staff also regularly attended the public meetings of the Shasta-Scott Coho
Recovery Team to assure that recommendations regarding coho salmon recovery were
consistent with the TMDLs.

In January 2003, Regional Water Board staff organized the Shasta River TMDL
Technical Advisory Group (TAG). The TAG was composed of individuals familiar with
the water resources of the Shasta Valley including landowners and representatives of
irrigation districts, municipalities, resource management agencies, tribes, and regulatory
agencies. The purpose of the TAG is to advise Regional Water Board staff on issues
relating to the development of the Shasta River TMDLs.

1.4 Watershed Overview

1.4.1 Area and Location

The Shasta River drains a 795 square mile basin in northern California, within Siskiyou
County, and flows generally northward into the Klamath River (Figure 1.1 and Figure
1.2). The Shasta River watershed is bounded to the north by the Siskiyou Range, to the
west by the Klamath Mountains, to the east by the Cascade Range, and to the south by
Mt. Shasta and Mt. Eddy (SVRCD Undated). The watershed shares divides with the
Scott River to the west, Butte Creek to the east, and the Trinity and Sacramento Rivers to
the south.

1.4.2 Population
The population of the Shasta River basin is estimated at about 16,000. The majority of
the population in this basin is centered around towns including Yreka, Weed, Montague,
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Grenada, Gazelle, and Edgewood. The largest town in the basin is Yreka, with a population
of 7,290 according to 2000 census information (United States Census Bureau [USCB]
Undated). This census estimated the population of Weed at 2,978 people, 1,456 people in
Montague, 315 in Grenada, 136 in Gazelle, and 67 in Edgewood (USCB Undated).

1.4.3 Climate

The Shasta River basin is predominantly a low rainfall, high desert environment characterized
by hot, dry summers and cool winters (Ouzel Enterprises 1991, p.1-5; SVRCD Undated).
Temperatures range from above 100°F in the summer to below freezing in the winter.
Typically there are about 130 frost-free days a year (SVRCD Undated).

Annual mean precipitation in the basin ranges from a low of 2.5-9 up to 85-125 inches, with
much of the winter precipitation falling as snow (Figure 1.3). Average annual precipitation
can reach 45 inches in the Eddy and Klamath Mountains and ranges from 85-125 inches at
Mt. Shasta. Although average rainfall is high in the mountains, moist air masses are stripped
of their water as they move eastward from the Pacific and climb over the Klamath Mountains
(Klamath Resource Information System [KRIS] 2005). Thus, the Shasta Valley is in the rain
shadow created by these mountains and receives as little as 2.5-9 inches of precipitation
annually.

1.4.4 Topography

The watershed consists of two major types of topography, the low-gradient floor of the Shasta
Valley, and surrounding steep mountains, punctuated by Mt. Shasta at the southern border of
the Basin (Figure 1.4). The river drops about 220 feet in elevation in the valley. Throughout
the valley are small hillocks that are deposited debris from a huge avalanche and debris flow
that occurred more than 300,000 years ago (Crandell 1989). In the canyon section of the
watershed, downstream of the valley, the Shasta River descends approximately 370 feet in
approximately 7 miles to its confluence with the Klamath River. Watershed elevations range
from approximately 2020 feet at the confluence with the Klamath River to a peak elevation of
14,200 feet at the summit of Mt. Shasta (KRIS 2005; SVRCD Undated).

1.4.5 Water Bodies and Hydrology

The Shasta River originates in the Scott Mountains on the north slope of Mt. Eddy as a
precipitation and snow melt based stream. Mt. Shasta contributes significantly to the
hydrology of the basin. With an elevation exceeding 14,000 feet, Mt. Shasta has permanent
(and growing) glaciers, which provide a constant source of surface and spring flows. The
melted snow percolates down through lava tubes on the mountain and pops up as springs on
the Shasta Valley floor. These springs and others in the Little Shasta River watershed, along
with mountain precipitation, are the source of flow in the Shasta River.

The predominantly volcanic groundwater units in the basin provide storage and recharge areas
both inside and outside the basin. Due to the complexity of this extensive network of volcanic
recharge/storage areas, however, the amount of groundwater in storage has not been estimated
(Department of Water Resources [DWR] 2004).

Staff Report for the Action Plan for the Shasta River Watershed Introduction
Dissolved Oxygen and Temperature Total Maximum Daily Loads 1-7



Shast :
Watersh%relggrf i

Explanation

| Sh

: asta Watershed

,‘“ Map prepared by Bruce Gwynne; NCRWQCB
e mail: bgwynne@waterboardg.ca.gov

(3 Klamath Watershed telephone: 707-576-2661

Shasta River Watershec
Precipitation
Explanation

® City or Town
"~ Highway or Main Roa
R Klamath River
e Shasta River
~~~— River or Stream
Precipitation
Annual Mean Inches

o8 25-90

O€ 9.1-140
00 14.1-18.0
(7% 18.1-25.0
(7} 251-275
(7} 276-45.0
(7} 451-55.0
(% 55.1-65.0
(7 65.1-85.0

OF 85.1-125.0

Figure 1.3: Shasta River Watershed - Rainfall

Staff Report for the Action Plan for the Shasta River Watershed
Dissolved Oxygen and Temperature Total Maximum Daily Loads

Introduction
1-8



Shast :
Watersh%relggrf: i ount Eddy

(T4 Shasta Watershed

e mail: bgwynne@waterboargs.ca.gov

(3 Kiamath Watershed telephone: 707-576-2¢61

Map prepared by Bruce Gwynne&{CRWQCB

Shasta River Watershed
Hillshade Relief/Elevation
Explanation

“~ Highway or Main Road
~n~— River or Stream

S5 Lake

Elevation (feet)

O 2039-2549

(0 2549-2929

(73 2929-3417

(73 3417-3851

(73 3851-4231
(3 4231-4611
O3 4611-5045
00 5045-5588
(73 5588-6239
(73 6239-14161

@& clevation data missing

Figure 1.4: Shasta River Watershed - Elevation

Staff Report for the Action Plan for the Shasta River Watershed
Dissolved Oxygen and Temperature Total Maximum Daily Loads

Introduction
1-9




From its origin in the Scott Mountains the Shasta River flows north and northwestward for
approximately 60 miles before entering the Klamath River at Klamath River Mile (RM) 176.8.
The river is dammed at Shasta RM 40.6 by Dwinnell Dam, which impounds Lake Shastina (also
called Dwinnell Reservoir) to provide water storage for agricultural use, municipal supply for the
town of Montague, and recreational use; but has no scheduled instream flow release. Shasta
River Miles at select locations are identified in Figure 1.5.

Tributaries to the Shasta River include Eddy, Boles, Beaughton, Carrick, Julian, Jackson, Parks,
Big Springs, Willow, and Yreka Creeks, Guys Gulch, Oregon Slough and the Little Shasta River
(Figure 1.6). There are only minor tributaries in the canyon (lower 7.3 miles).

Construction of Dwinnell Dam was completed in 1928 as a water supply project for the
Montague Water Conservation District (MWCD). Besides the dam and the reservoir, MWCD
owns 60 miles of canals (the main canal is approximately 35 miles long) and lateral ditches to
direct water into and away from Lake Shastina to farmers during the irrigation season. Although
a relatively small reservoir, with a capacity of approximately 50,000 acre-feet, the reservoir only
fills in above normal runoff years due to the relatively modest yield from upstream watershed
areas, seasonal water use, and appreciable seepage loss (6,500 to 42,000 acre-feet per year) from
the reservoir.

Relatively high precipitation in the area of the watershed above Lake Shastina creates
precipitation-based flow in Dale and Eddy Creeks and the Shasta River. Spring flows from the
flanks of Mount Shasta to Boles Creek, Beaughton Creek, and Carrick Creek account for much
of the inflow to Lake Shastina. Flows can be flashy in Dale Creek, Eddy Creek, and the Shasta
River, while flows in the spring fed creeks tend to be more stable and provide reliable base flows
in wet and dry years. Parks Creek is spring fed from Mt. Eddy, and substantial flows are
diverted into the Shasta River above Dwinnell Dam for storage in Lake Shastina by the MWCD.
Based on United States Geologic Survey (USGS) and Department of Water Resources (DWR)
Watermaster reports, the mean annual flow for the Shasta River at Edgewood Road (located
upstream of Lake Shastina and including Parks Creek diversion flows) is approximately 60,000
acre-feet (Figure 1.7).

Releases of stored water to the Shasta River channel below Dwinnell Dam range from 0 to
approximately 10 cubic feet per second (cfs) (approximately 20 acre feet per day) during the
irrigation season. Releases to the Shasta River are delivered on an as-needed basis to provide
water to several landowners downstream of Dwinnell Dam in lieu of their historic water rights
that were blocked by construction of the dam (Vignola and Deas 2005).

Between Dwinnell Dam (RM 40.6) and the canyon (RM 7.3) the Shasta River meanders along
the Valley floor, and is slow moving and sluggish with much of the shoreline covered by
bullrush (tules) and to a lesser extent cattails (Ouzel Enterprises 1991, p.1-5). Numerous
accretions from tributaries (including Big Springs, Parks, Willow, Julian, and Yreka Creeks, and
Oregon Slough and the Little Shasta River), springs, and agricultural diversions, and return flows
in this portion of the river contribute to a complex flow regime (Deas et al. 2003, p.i). During
summer months Big Springs Creek inflow accounts for up to 50% of the flow in the river below
Big Springs Creek.
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There are currently two real-time flow gauges on the Shasta River, both operated by USGS. One
is located near Montague at RM 15.5 and is operated by USGS on behalf of DWR (station
#11517000 [DWR Weir]). The other is located near the mouth (called the Yreka station,
#11517500 [USGS Gage]) at RM 0.6. Flow records at the Montague station are available for 19
years during the period from 1911-1933, and 2001-2004. Flow records at the Yreka station are
available from 1933 to the present.

Mean annual flow at the Yreka station for the period 1933 to 2004 is 133,000 acre-feet, with
annual flows ranging from 56,000 to 264,000 acre-feet (Figure 1.8). As shown in Figure 1.8,
annual Shasta River discharge responds to varying annual precipitation measured at Yreka.
Flows are considerably lower during summer months compared to winter months, with typical
summer season flows less than 5000 acre-feet (Figure 1.9). Finally, a review of recent Shasta
River flow records shows that flows drop at the onset of the irrigation season (around April 1)
and increase at the end of the irrigation season (around October 1) (Figure 1.10).

1.4.6 Geology and Soils

The Shasta River watershed spans the junction between two major geologic/geomorphic
provinces. Mount Shasta and the mountains on the east side of Shasta Valley are formed of
relatively young Cenozoic volcanic and intrusive rocks and are part of the Cascade Range
volcanic province. The mountains on the west side of the watershed are older Franciscan rocks
of the Klamath Mountains province. The valley floor between these major provinces are mostly
alluvium. However, a single area stands out as unique: a gigantic landslide deposit that covers
about 180 square miles. The geology of the watershed is considered below in terms of the
Cascade volcanic province, the Franciscan province, and alluvial and landslide units within the
valley deposits (Figure 1.11).

The mountains of the Cascade province are primarily igneous rocks that have been erupted to the
surface. Some are intrusive igneous rocks that were not erupted to the surface but have been
exposed by erosion. This area has undergone some uplift, but the rocks are not strongly
deformed.

Staff Report for the Action Plan for the Shasta River Watershed Introduction
Dissolved Oxygen and Temperature Total Maximum Daily Loads 1-13



vi-1

uononponu|

speo] AJre wnwirxepy (810, aijeradwo | pue uo3Ax() PIA[OSSI(
PAYSIajeAN JOATY ®ISBYS o) I0J UR[d UONOY dY) J0f 11oday Jjers

"I0IUR)) ele( OnRWI[) [euoneN VVON Wolj spiodar uoneydioald {SHSN WOl SPI0dAI MO], :9JON

$00Z-1161 ‘uonendioard pue a81eyosi(q [enuuy IOATY BIseys :§'1 o1

(sayau) uonpeydiasid lenuuy

o8]
]
=
[IE}
i)
=
=
=

000Z-6661
966 | -5E61
66 L- 1661
BE61-L861
¥BEL-EBEL

uonendiasig pajewsg ¢
dlam Jpna 0 ableyasiom

™
'

0861661

Lonendinal 4 [enudy <
afief cogn @ sbieyasgm

(0£3des - 1390) 1e2A J3pe M

896 1-4961
0961 -6561
arel-ivEl
| ¥FEL-EFEL
OF61-6E61
9E61-5E61L
ety il
¥Ze1-ECEL

FH6 L -E56
956 1-556
Z561-156
CERL-IEBL
ZLEL-LLBL

9/61-5461
Bl LBl

1 Hl61-5161

0F

- e

(198,-2128 00095~) 2BiEYSIP POpJOI2l WNWILIY

I

am&-ﬂuln. 000£E L~)sabieyosip paplodsad jo abeiany

% A_VA_VLV AWAV

HEr

0g

=
™~

w
!

- 091

=
()

ve

(1@a)-210e Qoo |) 261eL2S1g [ENUUY

8z

0oz
&
L
0z
% % : _ (1954-0198 000 9Z~) 2BIELISIP PapIOIal WAIXEW
I I
bv ngz
L
0zEe

e




SI-1 speo] AJre wnwirxepy (810, aijeradwo | pue uo3Ax() PIA[OSSI(
uononponu| PaysIae ) JOATY ®ISeyS U} 10} Ue[d Uonoy oy} 10J 11odoy Jjers

¥00T—E61 BIeydsI JOARY BIseyS A[IUOIA :6'] 31

laguladar]  IagLIBADN 180120 Jaquiaidses 1snfiny Anp aunp ARy |y DN [=1t] Aenlged Aenuep

Lkl

Lol (e b L
il

T
o
o
o7

(16;1-6.]98 s,{;r{] L) abueyasiqg

oog

s

P00z V vo0z PO0Z PO0Z P00z P00z ﬁ P00z P00z ro0z P00z #002
h PEGL vEGL PEGL PEGL vEGL PEGL vEGL PE6L PEGL pEGL PEGL rE6L

ooe




91-1 speo] AJre wnwirxepy (810, aijeradwo | pue uo3Ax() PIA[OSSI(
uononponu| PAYSIajeAN JOATY ®ISBYS o) I0J UR[d UONOY dY) J0f 11oday Jjers

$007-6661 ‘938D SOSN PUe MM YMA T8 JATY BISBYS ‘UONBLIEA S5IeY0SI(] [BUOSEaS 101" dInJ1]

ajeq
2 &0 B 3o 92t nwb D2 sk e o snbde o sl 2 oo sn B2
(e gl ey N o e e e B o e e e i STy e e N e S T W By g et e M W M
n n n HioY Hi=S Hi Hie iy HisS L8] L% L8] L) L] L8] Pl [ Pl [ (%) 2 — — — — — — Lo Lo Lo Lo L] ) Lia) Liw] (e
1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 ] _D
0se
v | 1 005
i 05
000k
1 =
0
(7]
nsel I
o
=
[=]
@
005, —
[
(7]
=
@
0SLL nl.g._
@
At
—
r T “sleadk T ciEah P SiEah Sl Csleadh 1 sleah 0oog
sleah papIodal PopI0dsl f9 015 ¢ peplosal jg o plct paplIodal 19 10 LG Papolal 90 0L peplodsl f9 o Ls
jg0IsLE - Bupjuel MojmoT L BURUB] MO0 L BUBUBL MO0 - BUB{UBI MO-MO T : BUAUEL MO0
| BUBUE] MOYMOT . . : usie
LA
pH epeusig-anbeiuopy @ aan A0 —— 00sg
exal ) Jeau afiel Sog ) m—
| 18003130
0s.2
| Mty ——
000g




Shast

Watersh%relggrf: i

o_r

A Mount Eddy

e mail: bgwynne@waterboargs.ca.gov

Map prepared by Bruce Gwynne; NCRWQCB
telephone: 707-576-2¢61

Mount Shasta

Shasta River Watershed
Generalized Geology
Explanation

@® City or Town

“— Highway or Main Road

@Rg== Shasta River

~n~ Major Tributary

~—— Medium Tributary

-~~~ Smaller Tributary

g Lake or Reservoir

Generalized Geology

“ Cascade Volcanics
Franciscan Complex
Exposed Debris Flow

Quaternary Alluvium and Till

Figure 1.11: Shasta River Watershed — Geology

Staff Report for the Action Plan for the Shasta River Watershed
Dissolved Oxygen and Temperature Total Maximum Daily Loads

Introduction
1-17




The mountains along the west side of the watershed are underlain by older rocks of the
Franciscan Group. This suite of rocks is highly varied and includes high and medium
grade metamorphic rocks, slightly metamorphosed sedimentary rocks and volcanics,
granite and diorite, mafic and ultramafic rocks that are largely altered to serpentine, and
small amounts of limestone. This complex has been deformed by folding, intense
shearing, and thrust faulting. Deformation in the last 1-2 million years has resulted in
uplift of the mountains along the west flank of the Shasta Valley.

Quaternary deposits of much of the floor of the Shasta Valley and the major tributary
valleys are gravel, sand, and silt brought into the valley from the adjoining mountains by
streams and mudflows. These deposits form the substrate for much of the agriculture in
the valley. In the Cascades, some of the Quaternary deposits in the higher valleys are
glacial deposits.

The geologic origin of deposits in a large area along the axis of Shasta Valley was not
understood until 1989. This is a hummocky area having many closed depressions and
little integrated drainage in many parts. It is underlain by unsorted rocky debris.
Crandell (1989) interpreted this area as the deposit of a gigantic debris avalanche, or
avalanches, that originated on the north slope of a mountain preceding the current Mount
Shasta in Pleistocene time. This interpretation is generally accepted and explains the
disrupted topography and large area of fragmental material. The deposit extends
northward to the head of the Shasta Canyon, where erosion has effectively removed
nearly all traces of its toe, where the Shasta River meets the Klamath.

The implication of the underlying geology of the Shasta basin is that much of the soil in
the basin is of volcanic origin, and therefore can have high levels of phosphorus. These
natural sources of phosphorus contribute to relatively high concentrations of inorganic
phosphorus in the Shasta River.

1.4.7 Vegetation

The vegetation of the Shasta River watershed is heterogeneous and is reflective of the
climatic variation that occurs in the watershed (Figure 1.12). Conifer tree species are the
most common vegetation in the mountainous regions of the watershed. Herbaceous
plants, including agricultural crops, dominate the valley region.

1.4.7.1 Woody Riparian Vegetation of the Shasta River

The following discussion is based upon information found in Deas et al. (1997). Woody
riparian vegetation along the Shasta River varies both in its extent and location, ranging
from areas completely absent of woody vegetation to areas of dense riparian forest.
There are few areas along the river that can be considered a riparian “forest,”
characterized by a thicket of trees on both banks and extending more than one tree width
from the top of the bank. However, there are locations where woody riparian vegetation
forms roughly continuous rows of trees lining the river banks. In general there is little
breadth (distance perpendicular to the axis of the river) to these rows of riparian
vegetation. These roughly continuous rows of trees occur intermittently in places from
Dwinnell Dam (RM 40.6) to south of Highway A-12 (RM 24.1) and from south of
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Montague-Grenada Road near Breceda Lane (RM 16.5) to the mouth of the Shasta River
(RM 0). Although other reaches of the river also have continuous vegetation, it generally
occurs in intermittent areas and on one side of the bank or the other. In the area of the
Shasta River between Highway A-12 to Montague-Grenada Road woody riparian
vegetation is generally absent.

Table 1.1 includes a list of riparian tree species native to the Shasta Valley. In 2001, a
survey of Shasta River riparian tree heights was conducted (Watercourse Engineering,
Inc. 2004), and the results are summarized in Table 1.1.

Table 1.1: Tree Species and Height Statistics for Shasta River Riparian Vegetation

Common Name Scientific Name Range of Height (ft) | Average Height (ft) | Sample Size
While Alder Alnus rhombifolia 21-35 27 3
Oregon Ash Fraxinus latifolia 17-37 27 4
Black Cottonwood | Populus trichocarpa 32-45 39 2
Red Birch Betula fontanalis 16-36 24 7
Oregon White Oak | Quercus garryana 55-73 64 2
Red Willow Salix laevigata - - -
Atroyo Willow Salix lasiolepsis 20-54 38 23
var.bracelinea

Pacific Willow Salix lasiandra - - -
Sandbar Willow Salix hindsiana 13-35 22 27

In 2004 a follow-up survey of riparian vegetation was conducted (Appendix A, Shasta
River Water Quality Related Investigations-2004) whereby riparian conditions were

classified by tree density, as follows:

Description

Riparian Category

No trees 0
Less than 2 trees per 100 feet 1
Greater than 2 trees per 100 feet 2
Gallery Forest 3
Results of the 2004 survey are presented in Table 1.2.
Table 1.2: Shasta River Riparian Classification
Downstream River Mile| Upstream River Mile Length (Miles) Riparian Category |
0.17 0.67 0.5 2
1 2.87 1.87 1
4.05 4.51 0.46 2
5.73 6.58 0.85 2
8.58 10.53 1.95 2
10.54 14.64 4.1 1
14.65 16.09 1.44 2
16.1 19.26 3.16 0
19.26 19.72 0.46 2
19.72 21.64 1.92 0
21.64 21.98 0.34 2
21.98 25.82 3.84 0
27.48 28.33 0.85 0
28.33 28.9 0.57 2
28.9 32.42 3.52 0
37.84 38.87 1.03 1
39.92 40.22 0.3 2
Note: Riparian Classification was identified only where river access was granted.
Staff Report for the Action Plan for the Shasta River Watershed Introduction
Dissolved Oxygen and Temperature Total Maximum Daily Loads 1-20



1.4.8 History and Land Use

Information on the history and land use of the Shasta River basin is synthesized from the
following sources: DWR (1964, p.15-16), Siskiyou County Library (2000), SVRCD (2005b),
and United States Department of Agriculture [USDA] (1983, p.1-4).

The Shasta Nation ancestral territory included much of the Shasta Valley. The first European
exploration of Siskiyou County and the Shasta basin was in the late 1820s, when fur trappers
from the Hudson’s Bay Company entered the area in search of pelts. These explorers were soon
followed by cattle drovers, bringing cattle from the Sacramento Valley to the Oregon
settlements. With the exception of small military missions, these were the only explorers to the
area until the 1849 gold rush, which established the first permanent settlers in the basin. The first
discovery of gold in Siskiyou County was near the town of Yreka in 1851, and in a few months
there were over 2,000 miners working in the area.

With the increased population came an increased need for food, supplies, and lumber. Many
ranchers, farmers, and businessmen followed the gold rush settling in the area. By the early
1900s, farming, ranching, and timber harvest were the dominant land uses within the basin.

Today the economy of the Shasta River basin is mainly supported through agriculture and
ranching, although lumber mills in the Shasta Valley also contribute to the economy. Cow-calf
operations extend throughout much of the Shasta basin, supported by irrigated pasture and hay
fields, as well as dry upland grazing lands. Due to local springtime flooding and a short growing
season, crops grown in the Shasta Valley are limited to grass for hay and pasture, alfalfa and
small grains grown for local and outside livestock feed, and a small selection of row crops.

Timber harvest and associated road building were heavy in parts of the watershed into the 1960s.
Today, only limited timber harvest occurs in parts of the watershed on both US Forest Service
and private lands. There are currently two active sawmills within the watershed, though much of
the milled lumber is harvested outside the watershed.

Recreation has become an important industry for the area. Mount Shasta is a popular place for
both downhill and cross country skiing during the winter, and for hiking and mountain climbing
in the summer. Lake Shastina, mountain lakes, and streams are kept stocked with trout, and
wildlife is abundant.

Though still dominated by agricultural land and open space, the Shasta Valley is experiencing
increased residential development and associated urbanization. Urbanization is most evident
within established urban areas such as the City of Yreka, but is also occurring in lower elevation
areas through out the basin, along the Interstate 5 corridor, and around Lake Shastina. Lot splits
and subdivision of agricultural land are on the rise.

1.4.9 Water Resource Management

Information on water resource management is synthesized from the following sources: California
Department of Fish and Game [CDFG] (1997), DWR (1964, p.55-61), Klamath River Basin
Fisheries Task Force [KRBFTF] (1991), State of California Department of Public Works
[CADPWT] (1932), and SVRCD (2005b).
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Shasta Basin water resources have been managed for irrigation and stock watering, municipal
drinking water supply, and small hydropower generation. The first hydroelectric power
generation facility was built in the Shasta canyon in 1892. One small non-commercial hydro
facility is in operation today.

Agricultural use of water in the Shasta River basin began with the settlement of miners in the
early 1850s. By the 1940s, gold mining had diminished in the basin and agricultural
development became the economic focus, resulting in increased irrigation and water use. In the
early 1900s, four water service agencies were formed in the Shasta basin. The Shasta River
Water Users Association (SRWA) is a corporation formed in 1912. The SRWA serves an area
near the town of Montague along the west side of the Shasta Valley. The Grenada Irrigation
District (GID), Montague Water Conservation District (MWCD), and Big Springs Irrigation
District (BSID) formed under the California Irrigation District Act in 1921, 1925, and 1927,
respectively. The GID (formerly known as the Lucerne Water District) serves the area located
west of the town of Grenada. Succeeding the Big Springs Water Company (organized in 1913),
the BSID serves the area north of Big Springs Lake. The MWCD, also known as the Montague
Irrigation District, serves the irrigation needs of the Little Shasta Valley and the northeast part of
the Shasta Valley.

The Shasta River is fully appropriated from May 1 through October 31 (SWRCB 1998). In the
1920s, surface waters of the Shasta River were subject to a statutory adjudication and on
December 30, 1932 the Superior Court of California issued its judgment and decree that
quantifies the amount and priority date of each surface water right on the river. Since 1934, the
Department of Water Resources (DWR) Watermaster Service has managed the delivery of the
adjudicated water rights using a weir located at RM 15.5. The watermaster’s job is to apportion
available water in order of priority of right, many are fairly far downstream in the Shasta basin.
Water users along the riparian zone of the Shasta River below Dwinnell Dam and groundwater
withdrawals are not subject to the adjudication. A summary of the water rights for the Shasta
River basin during irrigation and non-irrigation season is presented in Table 1.3.

Winter storage of the Shasta River and Parks Creek in Lake Shastina in the amount of up to
70,000 acre-feet is appropriated to the Montague Water Conservation District during April 1
through October 1. This water is for the irrigation of approximately 10,000 acres within the
boundaries of the MWCD, and use by the Town of Montague as its drinking water supply. With
the exception of above normal water years when Lake Shastina is full, the only flow releases
made to the Shasta River below the dam are those intended to satisfy the needs of several small
users immediately downstream of the dam.

There are approximately 15 diversions on the mainstem Shasta River between Dwinnell Dam
(RM 40.6) and Highway A-12 (RM 24.1) with a maximum diversion quantity totaling
approximately 120 cfs. In some years major diversions in this reach are restricted during the
summer to ensure that shortages do not occur downstream. There are currently approximately 27
diversions along the length of Parks Creek totaling a maximum diversion quantity of 46.2 cfs,
although full diversion of this quantity of water is unlikely to be available throughout the
summer.
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Table 1.3: Summary of the 1932 Appropriation of Water Rights in the Shasta Basin
IRRIGATION SEASON

Location Appropriation (cfs)
Shasta River above the confluence of Big Springs Creek 1114
Boles Creek and Tributaries 17.6
Beaughan Creek and Tributaries 10.3
Jackson Creek and Tributaries 2.8
Carrick Creek and Tributaries 11.7
Parks Creek and Tributaries 56.3
Shasta River below the confluence of Big Springs Creek and 184.8
Big Springs Creek and Tributaries '
Little Shasta River and Tributaries 90.0
Willow Creek and Tributaries 55.7
Yreka Creek and Tributaries 36.0
Miscellaneous Independent Springs, Gulches, and Sloughs 32.9
Total 609.5
NON-IRRIGATION SEASON
Location Appropriation (cfs)
Shasta River and its Tributaries 3274

Source: CADPW 1932, p.247-314

The Big Springs Irrigation District has rights to 30 cfs from Big Springs Lake (feeding Big
Springs Creek which enters the Shasta River at RM 33.71) to be used within the boundary of its
district. However, since the late 1980s, the BSID has used groundwater in lieu of water diverted
from Big Springs Lake.

The Grenada Irrigation District has a right to 40 cfs from the Shasta River for the period April 1
through October 1, which is diverted at RM 30.58. This water is designated for irrigation of
approximately 1,700 acres within the GID. Prior downstream water rights, totaling about 80 cfs,
have limited the ability of GID to take its full entitlement in some years.

In the mainstem Shasta from Highway A-12 (RM 24.1) to Yreka Creek (RM 7.7), about 16 small
diversions are found with a combined maximum diversion quantity (not including diversions
from Willow Creek) of approximately 27 cfs. On the Little Shasta River, current records
indicate a total maximum diversion quantity of 85.6 cfs from approximately 29 diversions,
although by the end of the summer most of these water users are severely restricted.

In addition to the above mentioned small diversions, the Shasta River Water Users Association
has rights to 42 cfs from the Shasta River diverted at RM 17.8 during the period from April 1-
Oct 1 to irrigate approximately 3,600 acres.

The City of Yreka receives water from Fall Creek (tributary to the Klamath River upstream of
Iron Gate Reservoir). An underflow well in Yreka Creek occasionally supplements the Fall
Creek water supply.

Management of these appropriated water rights and delivery of water to users is conducted by
the California Department of Water Resources Watermaster Service, with the exception of rights
on Willow Creek and Yreka Creek. In order to meet all appropriated water rights, water is
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reused via a complex array of ditches, and relies on return flows to the river for delivery to
downstream users.

Flood irrigation is the predominant irrigation method in the basin. Records of irrigated crop area
and the amount of applied water in the Shasta Valley in 2000 and 2001 are summarized in Table
1.4.

Table 1.4: Irrigated crop area and applied water in the Shasta River basin in 2000 and 2001

Irrigated Crop Area Applied Water
Crop Type (acres) (acre-feet per acre)

2000 2001 2000 2001
Grain 3000 700 1.76 2.11
Alfalfa 7500 5800 3.07 3.56
Pasture 39,100 39,200 3.71 2.99
Onions and Garlic 400 100 3.01 3.15
Other Truck Crops 600 500 2.05 2.18
Other Deciduous crops 0 100 .00 3.29
Totals 50,600 46,400 NA NA

NA = Not Applicable
Sources: DWR Undated a, DWR Undated b

1.4.10 Anadromous Fish of the Shasta River Watershed

Anadromous fish populations currently utilizing the Shasta River watershed include fall Chinook
(Oncorhynchus tshawytscha), coho salmon (Oncorhynchus kisutch), and fall and winter
steelhead trout (Oncorhynchus mykiss) (Hardy and Addley 2001, p.11; KRBFTF 1991, p.4-10, 4-
11). The Shasta River was once one of the most productive streams of its size for anadromous
fish in California (National Research Council [NRC] 2003, p. 246). Data indicate that the
historic fall Chinook population within the Shasta River basin was large, and has experienced a
sharp decline since the 1930s (Hardy and Addley 2001, p.11; PacifiCorp 2004, p.2-40).
Available data for coho and fall and winter steelhead runs are not entirely reliable for
determining long-term trends, however both species are considered to have experienced declines
from historic numbers throughout the Klamath River basin (Brown and Moyle 1991, p.13-14;
Brown et al. 1994; CDFG 2002, p.1; Hardy and Addley 2001, p.11; PacifiCorp 2004, p.2-40).
Historically, there were summer steelhead and spring Chinook runs in the Shasta River, however
those runs no longer occur in the basin (KRBFTF 1991, p.2-87 and 2-99).

1.4.10.1 Fall Chinook

Fall Chinook salmon are the predominant run in the Klamath River basin, and are the only
Chinook run believed to currently exist in the Shasta River basin (CDFG 1997). An estimate of
spawner abundance from CDFG (1965, p.372) showed that on average there were 20,000 fall
Chinook per year in the Shasta River basin in the years 1959 to 1963. Fall Chinook spawning
populations as measured at the Shasta River Fish Counting Facility have ranged from a high of
81,848 fish in 1930 to fewer than 750 fish in 1990-1992, excluding 1938-1955 when the weir
was located 6.5 miles upstream in the Shasta River and thus did not count adults spawning
downstream (Figure 1.13). Fall Chinook numbers were 1,450 and 5,203 fish, respectively, in
1993 and 1994, but increased dramatically in 1995 to 13,511 fish. In 1996 to 1999 fall Chinook
numbers dropped again, ranging from 1,450 to 3,197 fish. In 2000 and 2001 fall Chinook
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numbers were over 11,000 fish, but declined again in 2002-2004 ranging from 6,818 to 962 fish.
Preliminary information for 2005 reflect a total of 1,983 fall Chinook in the Shasta River.
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Figure 1.13: Shasta River Fall Chinook Spawning Escapement (Estimated), 1930-2005

Note: Data from 2005 are preliminary and represents total Chinook; data source does not differentiate between
adults and grilse.

Source: Pacific Fishery Management Council 2005, p.185, CDFG 2004b, Hampton 2005a, p.1, and Hampton
2005b

1.4.10.2 Spring Chinook

A population of more than 100,000 spring-run Chinook was once present in the Klamath River
basin (Moyle 2002, p.259). In 1931, Snyder wrote that the spring Chinook migration in the
Klamath basin, while once very pronounced, “has now come to be limited as to the number of
individuals, and is of relatively little economic importance (Snyder 1931, p.19).” This same
decreasing trend is reflected in information from the Shasta River. CDFG (1990, as cited by
Moyle 2002, p.259) states that historically spring Chinook run sizes for the Shasta River were
estimated to be at least 5,000 fish. The run in the Shasta is noted as being one of the largest runs
in the Klamath basin (Moyle 2002, p.259). Moyle (2002, p.259) suggests that by the early 1930s
increased summer water temperatures and habitat degradation caused by the presence of
Dwinnell Dam resulted in the disappearance of the spring Chinook run in the Shasta basin. In
addition, the construction of Dwinnell Dam created a migration barrier for salmonids, and cut off
spring Chinook and other salmonids from areas of prime habitat and cold water refuge that
would have been important for spring Chinook holding throughout the summer months.
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1.4.10.3 Steelhead

In 1932, an estimated 8,513 fall steelhead migrated up the Shasta River (Snyder 1933). An
estimate of steelhead trout spawner abundance by CDFG (1965, p.372) recorded an average of
6,000 fall and winter steelhead in the Shasta River basin annually from 1959 to 1963. A study of
angler harvest in the Shasta River in 1970 estimated a total of 172 fall steelhead (20% of the
population) were harvested (Lanse 1971), which would mean an estimated population of 860
adult fall steelhead in the basin. Steelhead numbers are available from the Shasta River Fish
Counting Facility, and are summarized in Figure 1.14. The Shasta River Fish Counting Facility
has been operating since 1930. It is important to note, however, that the primary purpose of this
facility is to count fall run Chinook, and the weir is not generally operated past November, and
thus does not capture the entire run of steelhead. Therefore, these data cannot be taken as
representative of entire population sizes.
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Figure 1.14: Shasta River Adult Steelhead, 1934-1996
Source: KRIS 2006

1.4.10.4 Coho

Little is known regarding the coho salmon population in the Shasta River, although it is believed
that these fish follow the migration and behavior patterns of coho salmon in other areas of the
Klamath River basin (CDFG 1997). It is clear from the information available that coho salmon
populations statewide have undergone a dramatic decline from historic levels (Brown and Moyle
1991, p.8; Brown et al. 1994; CDFG 2002, p.1). Brown et al. (1994) state that California coho
populations are probably less than 6% of what they were in the 1940s, and there has been at least
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a 70% decline since the 1960s. Coho salmon occupy only 61% of the Southern Oregon/Northern
California Coastal Coho Salmon Evolutionarily Significant Unit streams that were previously
identified as historical coho salmon streams (CDFG 2002, p.2). In 1965, CDFG estimated 800
coho spawners per year in the Shasta River basin (CDFG 1965, p.372). No other estimates of
spawner abundance or population could be found for coho in the Shasta River basin, however
there is information available on coho numbers from the Shasta River Fish Counting Facility
managed by CDFG. It is the longest fish dataset in the Klamath basin, beginning in 1930 and
continuing through the present. The primary purpose of the facility is to count fall Chinook, but
steelhead and coho are also counted incidentally. Therefore, these coho numbers cannot be used
as estimates of population but indicate the minimum number of coho present in the Shasta River
basin during various years. Figure 1.15 presents coho numbers from the Shasta River Fish
Counting Facility for the years from 1934-2005 (2005 data are preliminary).
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Figure 1.15: Shasta River Adult Coho, 1934-2005
Note: Data from 2005 are preliminary
Source: KRIS 2006, Hampton 2004, p.1, Hampton 2005a, p.1, and Hampton 2005b

1.4.10.5 Habitat and Fish Distribution

The continued survival and persistence of sustainable populations of salmonids in the Shasta
River basin depends on the amount and suitability of the habitat. The construction of Dwinnell
Dam in 1928 eliminated an estimated 22 percent of the total spawning habitat formerly available
to salmon and steelhead (Wales 1951, as cited by CDFG 1997). A habitat survey performed by
the CDFG (1965, p.372) found that there were 34 miles of habitat in the Shasta River basin
suitable for Chinook and coho, and 64 miles of habitat suitable for steclhead. More current
information from Hardy and Addley (2001, p.11) estimate that there are 35 miles of fall
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Chinook, 38 miles of coho, and 55 miles of steeclhead habitat in the basin. The authors state,
however, that actual utilization of this habitat is contingent upon suitable flow conditions that
may not be met during average and dry weather years due to water diversions (Hardy and Addley
2001, p.11). Others contend that stream diversions have reduced the amount of available salmon
and steelhead habitat in the Shasta River basin to a subsistence level, and may have been the
primary cause for the loss of the summer steelhead and spring Chinook runs in this basin
(KRBFTF 1991, p.2-99). Figure 1.16 shows the distribution of migratory fish in the Shasta
River watershed.

Shasta River Fish:
Salmonids and Pacific Lamprey

Present or suspected
Explanation
~~ Stream
Chinook, fall
Coho, winter
.Pacific Lamprey

Rainbow or Steelhead (winter)

Rainbow or Steelhead

Rainbow/Steelhead resident introduced
C3 Shasta Watershed

NOTE: Where either steelhead or rainbow were indicated, 0 2 4 8 12
the locations are labeled as "Rainbow or Steelhead". I
The distintion seems to be behavioral, without clear

genetic differention. Map prepared by Bruce Gwynne; bgwynne@waterboards.ca.gov; 707.576.2661

Figure 1.16: Distribution of Salmonids and Pacific Lamprey of the Shasta River
watershed
Source: USFS 2005
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Information in Figure 1.16 was compiled by the Klamath National Forest (United States Forest
Service [USFS] 2005), and reflects the best readily available information. Locations at which
fish presence is not indicated on the map do not necessarily indicate the absence of fish in these
areas, as surveys may not have been conducted to determine presence/absence.

1.4.10.6 Periodicity

Considered together, the fall Chinook, coho, fall and winter steelhead are present year-round in
the Shasta River basin (Figure 1.17). Many of the smaller tributaries in the Shasta basin have
minimal flows during the summer, making access to and movement within in these tributaries
difficult. According to CDFG, juvenile salmonids in the Shasta basin rear throughout the
summer in the upper reaches of the mainstem Shasta River including Big Springs Creek, and
steelhead have been observed rearing in the upper Little Shasta, and Parks Creek (Chesney 2005;
Whelan, 2005¢). It is important to note that the Shasta River has type II juvenile fall Chinook,
which spend their first spring and summer in the stream and outmigrate in the fall (CDFG 1997,
p-10; Whelan 2005a). This life history pattern results in the presence of juvenile Chinook
rearing year-round in the Shasta River.

Jan | Feb | Mar | Apr | May |Jun | Jul | Aug | Sep | Oct | Nov | Dec
Fall
Chinook
Historic (misc yrs 1930-1957)
Current
Coho
Steelhead
(fall/
winter)
=Migration =Spawning =Incubation
=Emergence B —Rearing I -Out Migration

Figure 1.17: Salmonid Periodicity in the Shasta River Basin
Sources: CDFG 1997, Chesney 2000, Chesney 2002, Chesney and Yokel 2003, Chesney et al. 2004,
Hampton 2002, Hampton 2003, Hampton 2004, Leidy and Leidy 1984, Shaw et al. 1997, Whelan 2005a

Periodicity information (presence of salmonids at varying life stages throughout the year) for the
runs is fairly easy to interpret with the exception of data for the fall and winter run steelhead. At
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times references do not distinguish between fall and winter steelhead, some calling all fish winter
run steelhead (see for example Leidy and Leidy 1984, Table 10), while others only refer to fall
fish (see for example Hardy and Addley 2001, p.11). In other references the discussion of fall
and winter run steelhead is combined (see for example KRBFTF 1991, p.4-11). Finally, some
documents discuss the fall and winter steelhead separately, but then mention that there was
almost no distinction between the timing of the fall and winter run into the Shasta River (see for
example CDFG 1997; Shaw et al. 1997). For this reason, periodicity information for fall and
winter steelhead in this document is combined into one group (Figure 1.17). Figure 1.17 shows
that one or more life stage of fall Chinook, coho, and steelhead are present in the Shasta River
Basin during every month of the year.

1.4.11 Non-Migratory Fish of the Shasta River Watershed

The Shasta River watershed hosts numerous populations of non-migratory fish species. Native
fish persisting in the river include a variety of sculpin species, including marbled sculpin, and
speckled dace. Introduced species include yellow perch, brown bullhead, bluegill, largemouth
bass, mosquitofish, green sunfish, and brook and brown trout. The distribution of these non-
migratory fish in the Shasta River watershed is presented in Figure 1.18, and is based on readily
available data compiled by the Klamath National Forest (USFS 2005) and may not reflect all
species that are present in the river, including above Dwinnell Dam. Locations at which fish
presence is not indicated on the map do not necessarily indicate the absence of fish in these
areas, as surveys to determine presence/absence may not have been conducted at all locations
within the watershed.

The construction of Dwinnell Dam on the Shasta River in 1928 did not include any fish passage
facilities and thus became a barrier to salmon and steelhead migration. However, populations of
both native and introduced non-anadromous species persist in the Shasta River basin above the
dam, as summarized in Table 1.5.

Table 1.5: Fishes found above Dwinnell Dam in the Shasta River Basin

Native Fish Introduced Fish
Rainbow trout, Oncorynchus mykiss Brown trout, Salmo trutta
Speckled dace, Rhinichthys osculus Brook trout, Salvelinus fontinalis
Marbled sculpin, Cottus klamathensis Brown bullhead, Ictalurus nebulosa
Lamprey, Lampetra sp. Largemouth bass, Micropterus salmoides
Klamath smallscale sucker, Catostomus rimiculus White crappie, Pomoxis annularis

- Black crappie, Pomoxis nigromaculatus

- Green sunfish, Lepomis cyanellus

- Pond smelt (Wakasagi,) Hypomesus nipponensis

- Golden shiner, Notemigonus crysoleucas

- Tui chub, Gila bicolor*

* Tt is unclear whether Tui chub were present in the river prior to Dwinnell Dam construction or whether
they were introduced after construction was complete.
Source: Whelan 2005b

The California Department of Fish and Game (CDFQG) regularly plants rainbow trout in Lake
Shastina and along Highway 97 in Boles Creek, and brown trout brood stock is occasionally
placed in Lake Shastina (CDFG 2005¢; Whelan 2005b). In the past CDFG planted coho salmon
in Lake Shastina, but because they did not provide any substantial angling benefit this practice
was discontinued (Whelan 2005b).
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Shasta River Fish:
Non-migratory

Native

Explanation

~~ Stream
@ Marbled Sculpin

Speckled Dace

.Sculpin species

Klamath Soft Shelled Clam species

C3 Shasta Watershed

Introduced
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Yellow Perch (Introduced)
«» Brown Bullhead (Introduced)
Pond Smelt (Introduced)
Bluegill (Introduced)
Brook Trout (Introduced)

Brown Trout (Introduced)

.Largemouth Bass (Introduced)

‘/Iosquitofish (Introduced)

Green Sunfish (Introduced)

C3 Shasta Watershed

Map prepared by Bruce Gwynne; bgwynne@waterboards.ca.gov; 707.576.2661

Figure 1.18: Distribution of non-migratory fish of the Shasta River watershed

Source: USFS 2005

Note: Klamath National Forest data (USFS 2005) do not include any information on these species above Dwinnell Dam,
however CDFG (Whelan 2005b) have noted self-sustaining populations of brook trout in tributaries above Dwinnell Dam.
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The following information on the status of some of the fish species in the Shasta River
above the dam is from Whelan (2005b). The largemouth bass population appears strong
and stable, while crappie numbers are lower than they have been in past years. This may
be due to natural fluctuations in the crappie cycle or suppression in their numbers
resulting from interactions with the strong year class of bass in the system. Information
from electrofishing surveys indicate that brown trout appear to be doing well, although
population size is not known. The upper reaches of various tributaries above Dwinnell
Dam host self-sustaining populations of brook trout. Pond smelt are doing well and
constitute a good forage base for the bass and trout. Angler data reflect stable brown
bullhead numbers, while the status of the lamprey population is unknown.

1.4.12 Watershed Restoration and Water Quality Protection Efforts

Throughout the Shasta River watershed many individuals, groups, and agencies have
been working to enhance and restore fish habitat and water quality. These proactive
efforts have given the Shasta River watershed an advantage over other impaired
watersheds with less active stakeholders. The implementation actions described in this
document (Chapter 8) reflect the good work and watershed restoration efforts already
underway within the Shasta River watershed.

The following sections describe some of the proactive and beneficial accomplishments of
concerned citizens and agencies within the Shasta River watershed that address water
quality and fisheries protection.

1.4.12.1_Shasta Valley Resource Conservation District

The Shasta Valley Resource Conservation District (SVRCD), like other resource
conservation districts, is a local unit of government established to carry out natural
resource management programs. The SVRCD was established in 1953 and focuses on
coordinating and supporting landowner activities, both public and private. The SVRCD
works to benefit agriculture while also protecting fish, wildlife, plants, and water quality.
For further information please access the SVRCD website at <http://www.svrcd.org>.

1.4.12.2 Shasta River Coordinated Resource Management Planning

With fiscal and project management assistance from the SVRCD, the Shasta River
Coordinated Resource Management Planning (Shasta River CRMP) group, a
subcommittee of the SVRCD, has also been making significant strides in the restoration
and management of the Shasta River and its tributaries. The Shasta River CRMP focuses
on the diverse group of landowners and land use activities throughout the Shasta River
watershed. The community-based nature of the Shasta CRMP, their accomplishments to
date, their technical knowledge, their established history in the watershed, and the trust
they have established with a diverse group of community members make the Shasta
River CRMP an ideal group to help implement nutrient, dissolved oxygen, and
temperature control practices.

1.4.12.3 Joint Projects of the Shasta Valley RCD and Shasta River CRMP
Since 1986, the SVRCD and the Shasta River CRMP together have been involved in
developing and implementing many significant and beneficial water quality projects.
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From 1986 until present a total of 164 projects have been implemented within the Shasta
River watershed. The majority of these projects have been on private land. A total of
$7.7 million dollars have been received from various funding sources including the
California Department of Fish and Game, California Department of Water Resources,
Klamath River Basin Fisheries Task Force, U.S. Fish and Wildlife Service, Natural
Resources Conservation Service, National Marine Fisheries Service, U.S. Bureau of
Reclamation, Environmental Protection Agency, North Coast Regional Water Quality
Control Board, College of the Siskiyous, Fish and Game Commission, Cantara Council,
and Siskiyou County Resource Advisory Committee

The following summary is based on the Shasta River restoration projects database
maintained by the SVRCD and Shasta River CRMP.

e Riparian Fencing projects — A total of 39 riparian fencing projects are in progress
or are completed in the watershed. Over 160,000 feet (30.3 miles) of fencing is in
place along the banks of the Shasta River and its tributaries. This fencing protects
the riparian zones from potential damage and pollutants associated with the
numerous cattle ranches in the vicinity. These fences have created a buffer of
non-grazed land along the Shasta, which helps protect the Shasta River’s water
quality and beneficial uses.

® Riparian Planting projects — A total of 22 riparian planting projects have been
completed or are in progress in the Shasta River watershed. Multiple planting
projects have been completed over the years in an effort to help protect the Shasta
River. The river’s banks at project locations have been repopulated with native
riparian trees, which should both provide shade to help maintain lower water
temperatures and also reduce sedimentation from eroding banks. Further steps
have been taken to protect these newly replanted trees from the local beaver
population by wrapping the lower trunks of the trees with 2" X 4" fence wire.

e Bank Stabilization projects — A total of 13 bioengineered bank stabilization
projects are underway or completed in the Shasta River watershed. The task of
bank stabilization has proven problematic as materials for willow mattresses, that
prevent rapid erosion and gives time for vegetation to take root, are in very short
supply. A number of trees have been planted along the Shasta River, which has
greatly reduced the amount of erosion along the bank, and therefore the amount of
sediment in the river.

e Habitat Restoration projects — A total of 7 projects aimed at restoring the riparian
environment have been completed since 1986. These projects have included: the
removal of garbage, the installation of boulder deflectors and general maintenance
on the existing infrastructure.

o Tailwater Management projects — A total of 11 tailwater management projects are
in progress or completed in the basin. These projects capture tailwater as it flows
off a landowner’s property and pump it to storage areas where it can be re-used
for irrigation. By capturing and re-using this irrigation water, heated nutrient rich
runoff is prevented from entering the Shasta River and its tributaries.

e Education and Outreach projects — A total of 9 education and outreach activities
have been completed or are in progress throughout the watershed. This outreach
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varies from providing ongoing support and coordination for the Shasta River
CRMP to providing education and outreach to local landowners and groups
throughout the basin.

o  Water Quality and Flow Monitoring projects — A total of 13 water quality and
flow monitoring projects have been conducted in the basin. In order to assess the
progress made, several monitoring stations have been set up near the river to
collect data. In addition to these stations, various groups and organizations have
assisted in gathering data in cooperation with and independently of the Regional
Water Board.

o Fish Screening and Fish Passage projects — A total of 4 fish passage and 13 fish
screening projects are in-progress or completed in the Shasta River basin. Fish
passage projects, including impoundment removal, have restored fish passage to
parts of the system formerly inaccessible, while fish screens on water intake
structures ensure than juvenile fish are not entrained in irrigation water.
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CHAPTER 2. PROBLEM STATEMENT
2.1 Introduction

This chapter summarizes water temperatures and dissolved oxygen concentrations in the
Shasta River and its tributaries, and evaluates how these water quality conditions have
resulted in the non-attainment of water quality standards. Changes to stream temperature
can result from increased solar heating, changes in riparian cover, changes in streamside
microclimates, changes in surface flow, changes in spring and groundwater inputs, and
changes in channel geometry, including aggradation and pool infilling. Factors
contributing to changes in dissolved oxygen concentrations include photosynthesis and
respiration of aquatic plants, respiration of aerobic organisms including bacteria that
decompose organic material, concentrations of oxygen-consuming constituents, flow,
velocity, and water temperature.

Increased water temperatures and low dissolved oxygen levels decrease the area and
volume of suitable habitat for salmonids, decrease survival during incubation, rearing,
and migration, and can be lethal. In the Shasta River basin, elevated temperatures and
low dissolved oxygen contribute to the non-attainment of beneficial uses associated with
the cold water fishery, specifically the salmonid fishery.

The analysis presented in this report is based on data gathered by Regional Water Board
staff and data contributed by landowners and organizations working in the Shasta River
watershed. As additional data become available from sources such as local groups and
government agencies, the Regional Water Board can modify the TMDL and numeric
targets, if necessary.

2.2 Water Quality Standards

In accordance with the federal Clean Water Act, TMDLs are set at a level necessary to
achieve applicable water quality standards. California’s water quality standards include
designated beneficial uses, narrative or numeric water quality objectives established to
protect those uses, and antidegradation policies and prohibitions. This section describes
the state water quality standards applicable to the Shasta River basin.

2.2.1 Beneficial Uses

Existing and potential beneficial uses for the Shasta River are identified in the Water
Quality Control Plan for the North Coast Region (Basin Plan) (North Coast Regional
Water Quality Control Board [NCRWQCB] 2005), and are summarized in Table 2.1.

The Shasta River Hydrologic Area (HA) is divided into three sections — Shasta River and
Tributaries, Lake Shastina, and Lake Shastina Tributaries; each with their own designated
beneficial uses.
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Table 2.1: Existing and Potential Beneficial Uses in the Shasta River Hydrologic Area

Beneficial Uses

Shasta Valley Hydrologic Area

Shasta River and
Tributaries

Lake Shastina

Lake Shastina
Tributaries

Municipal and Domestic Supply (MUN)*

&l

Agricultural Supply (AGR)

Industrial Service Supply (IND)

Industrial Process Supply (PRO)

Groundwater Recharge (GWR)

Freshwater Replenishment (FRSH)

Navigation (NAV)

esiieshles)ia-Aia-Rles

Hydropower Generation (POW)”

Water Contact Recreation (REC-1)*

Non-Contact Water Recreation (REC-2)

Commercial and Sport Fishing (COMM)*

Warm Freshwater Habitat (WARM)

Cold Freshwater Habitat (COLD)*

Wildlife Habitat (WILD)

esiieshiesi W iesilesi N

esiieshiesiiesiiesiiesiia-Ria-Alesiiesia-AleshTestles!

Rare, Threatened, or Endangered Species (RARE)*

Migration of Aquatic Organisms (MIGR)*

a]

Spawning, Reproduction, and/or Early Development
(SPWN)*

Aquaculture (AQUA)

esiBlesBl leshlesiiesiieshiesiieshiesieshia-Rlesiieshies] ia-Aleshles]les!

| @ o

Native American Cultural (CUL)"

E=Existing use, P=Potential Use

* Those beneficial uses affected, directly or indirectly, by elevated water temperature and/or low DO.

' The Basin Plan identifies MUN as a potential (P) beneficial use in Lake Shastina, however it is currently
used as a municipal and domestic water supply for the town of Montague and thus is an existing use (E).
This change will be considered in the next Basin Plan update.
* The Basin Plan identifies POW as a potential (P) beneficial use in the Shasta River and Tributaries,
however hydropower generation is an existing use (E). This change will be considered in the next Basin

Plan update.

? The Basin Plan does not list COMM as an existing (E) beneficial use in Lake Shastina, however it is

currently used for sport fishing. This change will be considered in the next Basin Plan update.

*The Basin Plan does not list CUL as an existing (E) or potential (P) beneficial use of the Shasta River HA,
however it may be listed in the future should supporting information be submitted.

2.2.2 Water Quality Objectives

The Basin Plan identifies both numeric and narrative water quality objectives for the

Shasta River HA. These water quality objectives are developed to ensure protection of
all beneficial uses. Table 2.2 summarizes the water quality objectives applicable to the
Shasta River temperature and dissolved oxygen TMDLs.

Table 2.2: Narrative and Numeric Water Quality Objectives applicable to the Shasta River basin

TMDLs
NARRATIVE OBJECTIVES
Region-wide Objectives
Objective Description
Biostimulatory Substances Waters shall not contain biostimulatory substances in concentrations that

promote aquatic growths to the extent that such growths cause nuisance
or adversely affect beneficial uses.

Temperature The natural receiving water temperature of intrastate waters shall not be
altered unless it can be demonstrated to the satisfaction of the Regional
Water Board that such alteration in temperature does not adversely affect
beneficial uses. At no time or place shall the temperature of any COLD
or WARM intrastate water be increased more than 5°F above natural
receiving water temperature.
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Table 2.2 (Continued): Narrative and Numeric Water Quality Objectives applicable to the Shasta

River basin TMDLs
NUMERIC OBJECTIVES
. Dissolved Oxygen (mg/l Hydrogen Ion (pH
Shasta Valley Hydrologic Area Minimum Sﬂz;og lovsferglir)nit1 Maxinfum Mil(lli)ml)lm
Shasta River 7.0 9.0 8.5 7.0
Other Streams 7.0 9.0 8.5 7.0
Lake Shastina 6.0 9.0 8.5 7.0

"'50% lower limits represent the 50 percentile values of the monthly means for a calendar year. 50% or more of
the monthly means must be greater than or equal to a lower limit.

The biostimulatory substances narrative objective refers to any substance that promotes
aquatic plant growth. As demonstrated in Section 4.3.3, photosynthesis and respiration of
aquatic plants in the Shasta River affect dissolved oxygen concentrations. Therefore, the
biostimulatory substances objective is applicable to the dissolved oxygen TMDL.
Similarly, pH is affected by the same processes that affect dissolved oxygen, most
notably photosynthesis and respiration of aquatic plants.

The dissolved oxygen objective has two components, a minimum dissolved oxygen
concentration and a 50% lower limit. The 50% lower limits represent the 50 percentile
values of the monthly means for a calendar year. In other words, 50% or more of the

monthly means must be greater than or equal to a lower limit.

In addition to narrative and numeric water quality objectives, the Basin Plan of the North
Coast Region contains a provision for “controllable factors.” This provision makes it a
violation of the Basin Plan to discharge pollutants from controllable factors into an
already impaired waterbody. The controllable factors provision is outlined below:

Controllable water quality factors shall conform to the water quality
objectives contained herein. When other factors result in the degradation
of water quality beyond the levels or limits established herein as water
quality objectives, then controllable factors shall not cause further
degradation of water quality. Controllable water quality factors are those
actions, conditions, or circumstances resulting from man's activities that
may influence the quality of the waters of the State and that may be
reasonably controlled (NCRWQCB 2005).

This provision requires that controllable factors must be used to prevent the further
degradation of water quality in areas where the water quality objectives (including the
antidegradation policies and beneficial uses) are not being met or supported. In areas
where the degradation of water quality beyond the levels or limits established in the
Basin Plan have already occurred, no further degradation of water quality from
controllable factors is allowed by this provision.

2.2.3 Prohibitions and Policies

The Basin Plan includes prohibitions and policies applicable to the Shasta River basin, as

discussed below.

Staff Report for the Action Plan for the Shasta River Watershed
Dissolved Oxygen and Temperature Total Maximum Daily Loads

Problem Statement

2-3




2.2.3.1 Waste Discharge Prohibitions

The Regional Water Board is authorized, by Section 13243 of the Porter-Cologne Water
Quality Control Act, to create Waste Discharge Prohibitions and specify conditions or
locations where the discharge of all or some waste will not be permitted. The Basin Plan
(NCRWQCB 2005, 4-1.00) states that point source waste discharges, except as stipulated
by the Thermal Plan, Ocean Plan, and the action plans and policies contained in the Point
Source Measures section of the Basin Plan, are prohibited in the Klamath River and its
tributaries, including but not limited to the Trinity, Salmon, Scott, and Shasta rivers and
their tributaries.

2.2.3.2 Agricultural Wastewater Management Policy

The Basin Plan also includes the Policy for Agricultural Wastewater Management, which
is applicable to the Shasta River basin. In 1972 the USEPA was directed, by
amendments to Public Law 92-500, to set up a permit system for dischargers that would
be administered by the State of California for waters within the State. At the present
time, federal regulations require permits for various types of discharges from agricultural
operations including irrigation return flow from 3,000 or more acres of land when
conveyed to navigable waters from one or more point sources. However, the policy also
states “the state may prescribe waste discharge requirements for any point source
discharger regardless of size (NCRWQCB 2005, p.4-24.00).”

2.2.3.3 Antidegradation Policies

There are two applicable antidegradation policies pertinent to water quality in the entire
North Coast Region — a State policy and a federal policy. The State antidegradation
policy is titled the Statement of Policy with Respect to Maintaining High Quality Waters
in California and is commonly known as “Resolution 68-16.” The federal
antidegradation policy is found at 40 CFR section 131.12. Both policies are incorporated
in the Basin Plan for the North Coast Region. Although there are some differences in the
State and federal policies, both require that whenever surface waters are of higher quality
than necessary to protect the designated beneficial uses, such existing quality shall be
maintained unless otherwise provided by the policies.

The state antidegradation policy applies to groundwater and surface water whose quality
meets or exceeds water quality objectives. The state policy establishes a two-step process
to determine if discharges that will degrade water quality are allowed.

The federal antidegradation policy applies to surface waters that do not meet the
applicable water quality objectives (i.e., impaired waters). Under the federal policy, an
activity or discharge would be prohibited if the activity will lower the quality of surface
water that does not meet water quality standards (i.e., the water quality is not sufficient to
support designated beneficial uses) with limited exceptions set forth in federal
regulations.

23 Temperature

Cold freshwater habitat, which includes habitat for salmonids, is the beneficial use most
sensitive to elevated stream temperatures. In order to assess whether this beneficial use is
fully protected in the Shasta River basin, stream temperatures are compared to
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temperature thresholds that are protective of salmonids. Temperature requirements of
salmonids are summarized below, with an expanded discussion in Electronic Appendix
A. (The Effects of Temperature on Steelhead Trout, Coho Salmon, and Chinook Salmon
Biology and Function by Life Stage: Implications for Klamath Basin TMDLs).

2.3.1 Temperature Requirements of Salmonids

Temperature is one of the most important factors affecting the success of salmonids and
other aquatic life. Most aquatic organisms, including salmon and steelhead, are
poikilotherms, meaning their temperature and metabolism are determined by the ambient
temperature of water. Temperature therefore influences growth and feeding rates,
metabolism, development of embryos and alevins, timing of life history events such as
upstream migration, spawning, freshwater rearing, seaward migration, and the
availability of food. Temperature changes can also cause stress and mortality (Ligon et
al. 1999). Temperatures at sub-lethal levels can also effectively block migration, lead to
reduced growth, stress fish, affect reproduction, inhibit smoltification, create disease
problems, and alter competitive dominance (Elliott 1981; USEPA 1999). Further, the
stressful impacts of water temperatures on salmonids are cumulative and positively
correlated to the duration and severity of exposure. The longer the salmonid is exposed
to thermal stress, the less chance it has for long-term survival (Ligon et al. 1999).

In considering the effect of temperature on salmonids, it is useful to have a measure of
chronic (i.e., sub-lethal) and acute (i.e., lethal) temperature exposures. A common
measure of chronic exposure is the maximum weekly average temperature (MWAT).

The MWAT is the maximum seasonal or yearly value of the mathematical mean of
multiple, equally spaced, daily temperatures over a running seven day consecutive period
(Brungs and Jones 1977, p.10). In other words, it is the highest single value of the seven
day moving average of temperature for a given time period. A common measure of acute
effects is the instantaneous maximum temperature. A third metric, the maximum weekly
maximum temperature (MWMT), can be used as a measure of both chronic and acute
effects. The MWMT (also known as the seven-day average of the daily maximum
temperatures (7-DADM)) is the maximum seasonal or yearly value of the daily maximum
temperatures averaged over a running seven day consecutive period. The MWMT is
useful because it describes the maximum temperatures in a stream, but is not overly
influenced by the maximum temperature of a single day.

Regional Water Board staff conducted a literature review to evaluate stream temperature
requirements for the various life stages of steelhead trout (Oncorhynchus mykiss), coho
salmon (Oncorhynchus kisutch), and Chinook salmon (Oncorhynchus tschawytscha) as a
means for interpreting the narrative temperature objectives in the Basin Plan
(NCRWQCB 2005). This review included EPA guidance, Oregon and Washington
states’ standards, reports compiling and summarizing existing scientific information, and
laboratory studies. Species-specific requirements were reviewed for the following life
stages: migrating adults, spawning and incubation/emergence, and freshwater rearing and
growth. Additionally, the effects of temperature on disease and lethality were
investigated. Some of the references reviewed covered salmonids as a general class of
fish, while others were species specific.
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Salmonid stocks do not tend to vary much in their life history thermal needs, regardless
of their geographic location. The USEPA (2001a), in their Summary of Technical
Literature Examining the Physiological Effects of Temperature on Salmonid, makes the
case that there is not enough significant genetic variation among stocks or among species
of salmonids to warrant geographically-specific water temperature standards. “Many
differences that had been attributed in the literature to stock differences are now
considered to be statistical problems in analysis, fish behavioral responses under test
conditions, or allowing insufficient time for fish to shift from field conditions to test
conditions (Konecki et al. 1993; Mathur & Silver 1980, both as cited by USEPA 2001a).”
USEPA states that temperature tolerance is likely controlled by multiple genes, and thus
would not be easily modified through evolutionary change without a radical shift in
associated physiological systems (USEPA 2001a). As a result, literature on the
temperature needs of coho and Chinook salmon and steelhead trout stemming from data
collected in streams outside Northern California are considered relevant to characterizing
the thermal needs of salmonids which use the Shasta River.

As a result of this literature review, Regional Water Board staff selected chronic and
acute temperature thresholds for evaluating Shasta River watershed temperatures.
Chronic temperature thresholds were selected from the USEPA document EPA Region 10
Guidance For Pacific Northwest State and Tribal Temperature Water Quality Standards
(2003), and are presented in Table 2.3. The Region 10 guidance is the product of a three-
year interagency effort, and has been reviewed by both independent science review
panels and the public. Acute lethal temperature thresholds were selected based upon best
professional judgment of the literature, and are presented in Table 2.4. These freshwater
temperature thresholds are applicable during the time of year when the life stage of each
species is present in the Shasta River basin (see Figure 1.16). Where life history, timing,
and/or species needs overlap, the lowest of each temperature metric applies.

Table 2.3: MWMT Chronic Effects Temperature Thresholds

Life Stage MWMT (°C)
Adult Migration 20
Adult Migration plus Non-Core Juvenile Rearing ' 18
Core Juvenile Rearing * 16
Spawning, Egg Incubation, and Fry Emergence 13

Source: USEPA 2003

" The Adult Migration plus Non-Core Juvenile Rearing designation is recommended by
USEPA (2003) for the “protection of migrating adult and juvenile salmonids and moderate to
low density salmon and trout juvenile rearing during the period of summer maximum
temperatures,” usually occurring in the mid to lower part of the basin. The phrase “moderate
to low density” is not specifically defined.

? The Core Juvenile Rearing designation is recommended by USEPA (2003) for the
“protection of moderate to high density summertime salmon and trout juvenile rearing”
locations, usually occurring in the mid to upper reaches of the basin. The phrase “moderate
to high density” is not specifically defined.

The University of California Cooperative Extension is conducting a multi-year
investigation to document salmonid presence/absence and water quality conditions
(including water temperature and dissolved oxygen) at juvenile salmonid rearing
locations in the Shasta River. Results of the study have not been reported (Thompson
2005) and thus were not available to use in this assessment, however when the report is
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available it will provide additional insight regarding temperature and dissolved oxygen
conditions affecting the cold freshwater habitat beneficial use.

Table 2.4: Lethal Temperature Thresholds

Lethal Threshold’ (°C)
Life Stage Steelhead | Chinook Coho
Adult Migration and Holding 24 25 25
Juvenile Growth and Rearing 24 25 25
Spawning, Egg Incubation, and Fry Emergence 20 20 20

" The lethal thresholds selected in this table are generally for chronic exposure (greater than
seven days). Although salmonids may survive brief periods at these temperatures, they are
good benchmarks from the literature for lethal conditions.

2.3.2 Temperature Conditions of the Mainstem Shasta River

Numerous parties have collected temperature data in the Shasta River basin, including
private landowners, the Shasta River Coordinated Resource Management Planning
Council, the Shasta Valley Resource Conservation District, the California Department of
Fish and Game, the California Department of Water Resources, the US Fish and Wildlife
Service, the US EPA, and the Regional Water Board. Shasta River temperature data
records date back to the 1930s, but intensive temperature monitoring using continuous
recording temperature probes began in the 1990s.

Table 2.5 and Figure 2.1 summarize mainstem Shasta River temperature conditions.
Table 2.5 identifies the maximum instantaneous temperature, maximum weekly average
temperature (MWAT), and maximum weekly maximum temperature (MWMT) observed
at various Shasta River locations from 1994 through 2003. Figure 2.1 presents average
weekly maximum temperatures for select Shasta River reaches based on recorded
temperatures from the period 1994 through 2003 versus the USEPA (2003) MWMT
temperature thresholds. The Highway 263 — USGS gage reach includes temperature data
collected at Highway 263, near the end of Old Shasta River Road, and at the USGS flow
gage; the Montague-Grenada Road — Anderson Grade Road reach includes temperature
data collected at Montague-Grenada Road, Highway 3, Yreka Ager Road, I-5, upstream
of Yreka Creek confluence, and at Anderson Grade Road; the Highway A12 — Little
Shasta River reach includes temperature data collected at Highway A12, Freeman Road,
and upstream of the Little Shasta River confluence; the Hole in the Ground — Willow
Creek reach includes temperature data collected at Grenada Irrigation District pumps,
East Louie Road, and upstream of the Willow Creek confluence.

The temperature associated with the top of the colored boxes in Figure 2.1 is the
threshold temperature for that life stage. The time period that the various life stages
occur in the Shasta River basin are depicted by the width of the colored boxes. Where
the weekly maximum temperature falls above the colored life stage/threshold box,
temperatures are unsuitable for the life stage. The distribution of salmonids in the Shasta
River watershed is presented in Chapter 1, Figure 1.16, however locations at which fish
presence is not indicated on the map do not necessarily indicate the absence of fish in
these areas, as surveys may not have been conducted to determine presence/absence.
Figure 2.2 presents surface water temperatures of the Shasta River on the afternoon of
July 26, 2003 from thermal infrared imagery (Watershed Sciences, LLC 2004). As an
evaluation of lethal temperature conditions, Figure 2.3 shows the maximum and average
number of hours that temperatures exceeded lethal salmonid temperature thresholds for
juvenile growth and rearing at the mouth of the Shasta River during summer months from
1996 through 2003.
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Table 2.5: Mainstem Shasta River Temperature Conditions

Summary of maximum
Sample 11401 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 recorded values
River Year
Site Mile 19942003 | pay || Avg | Min
Max. Temp. 29.4 297 | 303 | 315 | 302 Max. Temp. | 31.5 || 30.4 || 29.7
USGS gage| 0.6 | mwar 24.3 251 | 248 | 255 | 259 mear | 25.9 [ 25.3 | 24.8
AT 28.2 289 | 29.0 | 2958 | 292 MAMT 20.8 || 29.2 | 28.9
Highway Max. Temp. | 249 | 260 | 276 [ 244 | 264 | 269 | 278 [ 303 e, Temp. | 3003 || 27.1 || 24.9
263 1.3 MAAT 2258 | 227 | 242 | 224 | 236 | 229 | 245 | 248 MAT 24.8 || 23.7 | 22.7
WAMT 243 | 249 | 265 | 233 | 257 | 254 | 270 [ 290 weadT | 2900 || 26.1 || 24.3
Max. Tetmp. 26.4 Mz, Temp. 284
YrekaCr | 76 AT 244 M T 244
WAMT 26.9 WMAT 26.9
Anderson- Max. Temp, | 204 | 325 | 204 | 266 | 273 | 230 | 272 Max. Temp. | 32.5 || 29.0 || 27.2
Grade 8.0 misT | 253 | 220 | 249 | 2390 | 247 | M7 | 245 e | 25.3 || 24.5 | 22.9
Road WAMT 279 | 208 | 272 | 260 | 267 | 237 | 263 mendT | 2006 || 27.5 || 26.3
M. Termp. 26.7 Mz, Temp.
Interstate 5| 8.6 PR T 0.7 WA T
WAMT 26.2 MMT
Yreka- Wax. Temp. | 311 | 261 | 264 | 2607 | 255 | 2658 | 272 273 M. Temp. | 31.7 || 27.3 | 25.8
Ager 109 | mwwar 248 | 224 | 240 | 224 | 237 | 227 | 239 248 meinT | 2408 || 23.7 | 22.1
Road AT 207 | 244 | 255 | 250 | 2565 | 257 | 265 26.5 AT 20.7 || 26.3 || 24.4
Oregon | 4o 1 s e o
Slough ’ - -
WAMT 26.0 WAMT 26.0
Highway M. Temp 262 | 272 | 260 | 228 | 269 | 264 27 4 Max. Temp. | 27.4 || 26.8 || 26.2
3 13.1 AT 223 | 239 | 224 | 205 | 217 | 238 24.2 MenT | 242 [ 23.2 | 217
WAAMT 250 | 264 | 246 | 224 | 260 | 261 263 mendT | 26.8 || 26.1 | 25.0
Montague- Max. Temp. | 283 | 250 | 268 262 | 264 | 268 Y5 | 2BS Max. Temp. | 28.3 || 26.7 || 25.0
Grenada | 155 mwiatr [ 240 | 219 | 233 231 | 227 | 238 225 | 2348 s | 24.0 || 23.1 ] 21.9
Road hAAMT 271 | 245 | 260 253 | 251 | 2641 2539 | 259 MIAT 20.1 || 25.7 || 24.5
Little Max. Temp. 26.5 hax. Temp. 26.5
Shasta 16.3 R 27 WAAT 22.7
River RAAMT 252 MAATT 25.2
e o | e
Lane ’ : :
PAAMT 24.4 AT 24.4
Highway Max. Temp. | 266 | 232 [ 239 [ 242 | 232 | 242 | 250 247 e Temp. | 26.6 || 24.4 || 23.2
A12 21.2 | mwnt 220 | 2.0 | 220 | 193 | 213 | 209 | 214 2.6 MevsT | 220 | 21.4 | 209
WAMT 251 | 220 | 233 | 2.3 | 225 | 234 | 240 240 weaaT | 25.7 || 23.5 || 22.0
o |, P o
Creek ) - -
WAAT 2.9 MIT 21.9
Max. Temp. | 226 | 236 | 246 | 228 | 325 | 228 Max. Temp. | 32.5 |[ 25.3 || 22.8
GID 306 | st | 199 | 204 | 204 | 190 | 200 | 192 mear | 204 | 19.8 | 19.0
HAAMT 23.2 | 232 | 237 | 223 | 261 | 222 MIAT 26,1 (| 23.5 | 22.2
East Max. Temp. | 236 | 250 | 250 244 | 245 | 244 Wax. Temp. | 25 || 24.7 | 24.4
Louie 339 mwar 19.6 | 217 | 205 203 | 204 | 208 meinT | 21.7 || 20.8 | 20.3
Road RAAMT 233 | 243 | 234 231 | 238 | 239 WAATT 24.3 || 23.7 | 23.1
Hole ha. Temp. 20.9 02 | 238 Ma. Temp. | 23.6 || 21.9 | 20.2
in the 34.8 rhAiRT 18.2 174 | 200 WA T 200 || 18.7 || 17.4
Ground RAAMT 19.5 195 | 227 WAANT 22.7 || 21.1 | 19.5
Riverside Max. Temp. 24.3 253 | 2641 | 253 [ 273 237 Max. Temp. | 27.3 || 25.5 || 23.7
Drive 36.0 | mwvar 20.2 02 | 209 | 224 | 226 20.9 MenT | 22,6 || 21.4 | 20.2
WAMT 21.8 245 | 235 | 245 | 256 227 weadT | 25.6 || 24.3 | 22.7

Note: The temperatures in the grey boxes were calculated from data sets that may not have included the
period of hottest summer temperatures. All temperatures are °C.
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Daily temperature fluctuations vary throughout the Shasta River and tributaries. In the Shasta
River, temperatures fluctuate up to 8°C during summer months at some locations including the
mouth (i.e. the difference between the daily minimum and daily maximum temperature is 8°C).
On average, Shasta River temperatures fluctuate by 4 to 5°C.

Key findings of Shasta River mainstem temperature conditions are:

e Stream temperature conditions vary throughout the Shasta River.

e Shasta River temperatures increase in the downstream direction, most notably
downstream of about RM30, near Highway A12.

e On average, the difference between daily maximum and minimum Shasta River
temperatures is approximately 4 to 5°C. The difference between daily maximum and
minimum temperatures at the mouth approaches 8°C in summer months.

e Weekly maximum temperatures of the Shasta River meet, i.e., are below, the USEPA
(2003) salmonid thresholds from approximately November 1 to mid-March.

e Shasta River temperatures are generally suitable for migration during the migration
period (i.e., < MWMT of 20°C).

e  Weekly maximum temperatures exceed the spawning, incubation, and emergence
threshold (i.e. MWMT of 13°C) at all Shasta River reaches from April through June, and
in mid-September through October.

o Weekly maximum temperatures of the Shasta River downstream of Dwinnell Dam
exceed the core rearing threshold (i.e. MWMT of 16°C) from the end of April through
early October, and exceed the non-core rearing threshold (i.e. MWMT of 18°C) from
mid-May through September.

Instantaneous temperatures near the mouth of the Shasta River exceed lethal temperatures for
juvenile rearing (i.e. >24°C) for some time every day from mid-June through August.

2.3.3 Temperature Conditions of Shasta River Tributaries

Less temperature monitoring has been conducted in the tributaries of the Shasta River. Figures
2.4 and 2.5 summarize average weekly maximum temperatures near the confluence with the
Shasta River (Figure 2.4) and at upstream locations (Figure 2.5) for those tributaries with data
collected between 2001 and 2003. These average weekly maximum temperatures are compared
with the USEPA (2003) MWMT temperature thresholds.

Key findings of Shasta River tributary temperature conditions are:

e Temperatures of Shasta River tributaries are variable.

e Tributary temperatures near the confluence with the Shasta River are higher than
temperatures at upper reaches of the tributary.

e  Weekly maximum temperatures of measured tributaries near the confluence with the
Shasta River tend to be comparable or warmer than Shasta River temperatures near the
confluence, with the exception of Yreka Creek, which tends to be cooler than the river.

e  Weekly maximum temperatures of measured tributaries near the headwaters are
consistently cooler than Shasta River temperatures near the confluence.

o  Weekly maximum temperatures of measured tributaries near the confluence with the
Shasta River meet, i.e., are below, the USEPA (2003) salmonid thresholds from
approximately November 1 to mid-March.

Staff Report for the Action Plan for the Shasta River Watershed Problem Statement
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o  Weekly maximum temperatures of measured tributaries near the confluence with the
Shasta River tend to exceed the spawning, incubation, and emergence threshold (i.e.,
MWMT of 13°C) from mid-March through June, and mid-September through October.

e Weekly maximum temperatures of measured tributaries near the confluence with the
Shasta River tend to exceed the core and non-core rearing threshold (i.e., MWMTs of 16
and 18°C, respectively) from about April through October, with some exceptions.

e Generally, weekly maximum temperatures of measured tributaries near the headwaters
are below the core and non-core rearing thresholds during the summer months, except
July and parts of August at some locations.

2.3.4 Temperature Conditions of Lake Shastina

Temperature profiles measured near the dam of Lake Shastina are presented in Figure 2.6. Lake
Shastina tends to be thermally stratified from June through August, exhibiting warmer surface
waters and colder waters at depth of the lake. Surface waters begin to warm in March, and by
June stratification has set in. During summer months, surface water temperatures usually exceed
20°C, and bottom temperatures range from about 12 to 16°C. In September, stratification breaks
down due to cooler air temperatures and shorter solar days. Isothermal conditions generally
occur in late fall and persist through the winter months, with temperatures ranging from about 2
to 9°C. While the exact timing of these conditions varies, the general conditions are consistent.
The outlet from Lake Shastina is located near the base of Dwinnell Dam.

Lake Shastina temperatures are not evaluated with respect to the USEPA (2003) thresholds
because there are insufficient temperature data from Lake Shastina to calculate weekly maximum
temperatures. Further, anadromous salmonids do not currently exist upstream of Dwinnell Dam,
which is a barrier to migration. Note, however, that cold freshwater habitat is designated as an
existing use in Lake Shastina and Lake Shastina tributaries. For a more complete discussion of
temperature conditions in Lake Shastina the reader is referred to Vignola and Deas (2005).

2.4 Dissolved Oxygen

The Basin Plan includes numeric dissolved oxygen objectives for the Shasta River HA (Table
2.2). These dissolved oxygen objectives are currently undergoing revision, however at the time
of this report the revisions are not complete and are not incorporated into the Basin Plan. Thus,
data for the Shasta River are compared to those numeric dissolved oxygen objectives currently
listed in the Basin Plan.

2.4.1 Dissolved Oxygen Requirements of Salmonids

A literature review of dissolved oxygen requirements of salmonids is presented in Electronic
Appendix B, (The Effects of Dissolved Oxygen on Steelhead Trout, Coho Salmon, and Chinook
Salmon Biology and Function by Life Stage).

Staff Report for the Action Plan for the Shasta River Watershed Problem Statement
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2.4.1.1 Gas Bubble Disease

Gas bubble disease is not discussed in Appendix B., and is summarized here. High levels
of total dissolved gas (TDG), including dissolved oxygen, can be harmful to salmonids
and other fish and result in “gas bubble disease”. This occurs when dissolved gases in
their circulatory system come out of solution and form bubbles, which block the flow of
blood through the capillary vessels (USEPA 1986, p.145). There are several ways TDG
supersaturation can occur, including excessive algal photosynthesis, which can create
supersaturated dissolved oxygen conditions (USEPA 1986, p.147). Thus, to protect
salmonids and other freshwater fish, the USEPA has set criteria for TDG stating that
levels should not exceed 110% of the saturation value.

Numerous studies have been conducted to determine the mortality rate of salmonids
exposed to various levels of TDG. Mesa et al. (2000, p.174) conducted laboratory
experiments on juvenile Chinook and steelhead. They exposed the fish to different levels
of TDG and found no fish died when held at 110% TDG for up to 22 days. When fish
were exposed to 120% TDG, 20% of juvenile Chinook died within 40 to 120 hours, while
20% of juvenile steelhead died within 20 to 35 hours. At TDG levels of 130%, Chinook
mortality reached 20% after 3 to 6 hours, and steelhead mortality was 20% after 5 to 7
hours. Gale et al. (2001, p.3 and 21) held adult female spring Chinook at mean TDG
levels ranging from 114.1% to 125.5% and found the time to first mortality ranged from
10 to 68 hours.

USEPA (1986) discusses various studies on the effects of TDG on salmonids. The
following studies are all cited from the USEPA 1986 (p.148-150) water quality criteria
document. Bouck et al. (1975) found TDG levels of 115% and above to be acutely lethal
to most species of salmonids, and levels of 120% TDG are rapidly lethal to all salmonids.
Conclusions drawn from Ebel et al. (1975) and Rulfison and Abel (1971) include the
following:

e Adult and juvenile salmonids confined to shallow water (1 m) with TDG levels
above 115% experience substantial levels of mortality.

e Juvenile salmonids exposed to sublethal levels of TDG supersaturation are able to
recover when returned to normally saturated water, while adults do not recover
and generally die.

2.4.2 Dissolved Oxygen Conditions of the Mainstem Shasta River

Measurement of dissolved oxygen concentrations of the Shasta River has been conducted
by numerous parties, including private landowners, Shasta River Coordinated Resource
Management Planning Council, Shasta Valley Resource Conservation District, City of
Yreka, California Department of Fish and Game, California Department of Water
Resources, US Fish and Wildlife Service, USEPA, and the Regional Water Board.
Dissolved oxygen data records date back to the 1960s, but intensive dissolved oxygen
monitoring using continuous recording dissolved oxygen probes began in the 1990s.

Figure 2.7 and Figure 2.8 summarize the available Shasta River mainstem dissolved
oxygen conditions from 1994 through 2004. Figure 2.7 is a summary of all dissolved

Staff Report for the Action Plan for the Shasta River Watershed Problem Statement
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oxygen data measured from mainstem Shasta River locations, compiled into 4-week time
periods, and compared to the Basin Plan minimum dissolved oxygen objective.
Generally, during the fall/winter seasons (October 1 through March 30), dissolved
oxygen concentrations in the Shasta River range from 7 to 19 mg/L. During the
spring/summer seasons (April 1 through September 30), dissolved oxygen concentrations
range from 2 to 18 mg/L. Figure 2.8 provides a closer look at the summer season data
presented in Figure 2.7 by grouping the mainstem Shasta River data into river reaches,
and presenting data for 2-week time periods. In addition, Figure 2.8 identifies the
percentage of dissolved oxygen measurements that fall below the Basin Plan dissolved
oxygen objective. Chapter 4 evaluates these dissolved oxygen data in more detail. The
distribution of salmonids in the Shasta River watershed is presented in Chapter 1, Figure
1.16, however, locations at which fish presence is not indicated on the map do not
necessarily indicate the absence of fish in these areas, as surveys to determine
presence/absence may not have been conducted at all locations in the watershed.

Based on dissolved oxygen concentration and temperature measurements from the
summer of 2003 and 2004 in the Shasta River, dissolved oxygen saturation levels were
calculated. During these periods, dissolved oxygen saturation levels range from
approximately 70% to 150%. The USEPA criteria for total dissolved gases is 110%.
While dissolved oxygen is only one of the possible dissolved gases, the USEPA criteria
for total dissolved gases is exceeded in the Shasta River at some times. However, there
have been no known accounts of fish with gas bubble disease in the Shasta River
watershed.

Key findings of Shasta River mainstem dissolved oxygen conditions are:

e Dissolved oxygen concentrations vary seasonally.

e Dissolved oxygen concentrations vary throughout the mainstem Shasta River.

e While Figure 2.7 presents a compilation of Shasta River mainstem dissolved
oxygen measurements, the 50% lower limit of 9.0 mg/L appears to be met in at
least 7 out of 12 months of the year.

e With few exceptions, mainstem Shasta River dissolved oxygen concentrations are
above 7.0 mg/L during fall/winter seasons (October 1 through March 30).

e Dissolved oxygen concentrations fall below 7.0 mg/L for some period of time
during the summer season (April 1 through September 30) at all mainstem Shasta
River locations monitored.

e In the reach from Montague-Grenada Road to Anderson Grade Road, over 40% of
dissolved oxygen measurements fall below 7.0 mg/L.

e In the Shasta River above Lake Shastina (at Edgewood Road), approximately
15% of dissolved oxygen measurements fall below 7.0 mg/L from late June
through August.

2.4.3 Dissolved Oxygen Conditions of Shasta River Tributaries

Considerably less dissolved oxygen data have been collected in the tributaries to the
Shasta River. Figure 2.9 summarizes dissolved oxygen concentrations in those tributaries
monitored between 2001 and 2003, and identifies the percentage of dissolved oxygen
measurements that fall below the Basin Plan objective. While the paucity of data limits
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the ability to draw definitive conclusions, the data indicate that during the summer
season, dissolved oxygen concentrations in some tributaries, particularly the Little Shasta
River and Yreka Creek, fall below 7.0 mg/L for some period of time.

2.4.4 Dissolved Oxygen Conditions of Lake Shastina

Dissolved oxygen profiles measured near the dam of Lake Shastina are presented in
Figure 2.10. Lake Shastina exhibits dissolved oxygen characteristics typical of a
eutrophic reservoir. During summer months, when the reservoir is thermally stratified,
the surface layer (epilimnion) is typically supersaturated with dissolved oxygen, while the
bottom layer (hypolimnion) exhibits undersaturated conditions well below the Basin Plan
dissolved oxygen objective of 6.0 mg/L. Dissolved oxygen concentrations approached
zero in the hypolimnion between June and September 2001. Following fall turnover
(mixing), dissolved oxygen concentrations are uniform and near saturation levels (above
6.0 mg/L). The outlet from Lake Shastina is located near the base of Dwinnell Dam. For
more information on dissolved oxygen conditions in Lake Shastina, the reader is referred
to Vignola and Deas (2005).

2.5 Biostimulatory Substances

The Basin Plan includes a narrative objective for “biostimulatory substances” that is
applicable to the entire North Coast region:

Waters shall not contain biostimulatory substances in concentrations that
promote aquatic growths to the extent that such growths cause nuisance or
adversely affect beneficial uses (NCRWQCB 2005).

In this context, biostimulatory substances refer to any substance that promotes aquatic
plant growth, but generally is synonymous with the nutrients nitrogen and phosphorus.
Nitrogen and phosphorus are the primary macro-nutrients that enrich freshwater aquatic
systems. Nuisance is not specifically defined in the Basin Plan. In the context of the
Shasta River TMDL, Regional Board staff define nuisance aquatic growth as that which
contributes to violation of numeric water quality objectives (particularly dissolved
oxygen and pH objectives) or adversely affects beneficial uses. Ammonia (NHj3), nitrate
(NO5"), and ortho-phosphate (PO,>) are the soluble fractions of nitrogen and phosphorus,
and are the forms that are directly available to aquatic plants.

2.5.1 Nutrient Criteria and Trophic State Thresholds

Nutrients do not directly affect salmonids, but impact them indirectly by stimulating the
growth of algae and aquatic macrophytes to nuisance levels that can adversely impact
dissolved oxygen and pH levels in streams. The concentration of nutrients required to
cause nuisance levels of aquatic plants varies widely from one stream to another and
detailed data analysis is required to determine relationships. US EPA (2000) and Tetra
Tech (2005) provide excellent summaries of the literature on these analytical methods
and will not be repeated here.

USEPA (1986, p. 267) has “desired goals” for total phosphates as phosphorus for the
prevention of nuisance plant growths. The “desired goal” for streams or other flowing
waters not discharging directly to lakes or impoundments is 0.1 mg/L; the “desired goal”
for streams at the point where they enter a lake or reservoir is 0.05 mg/L; and the “desired
goal” for lakes or reservoirs is 0.025 mg/L. These desired goals are guidance levels, not
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standards or criteria. USEPA (1986, p. 213) does not have a criterion or desired goal for
nitrogen for prevention of nuisance plant growth; it does, however, have a criterion for
nitrate nitrogen of 10 mg/L for human health protection in domestic water supplies.

In 2001, the USEPA developed recommended nutrient criteria for 13 aggregate
ecoregions for rivers and streams of the United States (USEPA 2002). USEPA’s
recommended ecoregional nutrient criteria represent conditions of surface waters that
have minimal impacts caused by human activities. The criteria are suggested baselines.
California is in the process of refining these ecoregional criteria. The total phosphorus
and total nitrogen criteria for ecoregion II (western forested mountains), which includes
the Shasta River, are 0.01 and 0.12 mg/L, respectively.

Dodds et al. (1998) created a classification system for stream trophic state based on
frequency distributions of total nitrogen, total phosphorous, and chlorophyll-a data from
200 streams in North America and New Zealand. These data were divided into three
trophic state categories based on the lower, middle, and upper thirds of the distribution.
USEPA (2000) states: “It should be stressed that this approach proposes trophic state
categories based on the current distribution of algal biomass and nutrient concentrations
which may be greatly changed from pre-human settlement levels.” USEPA (2000)
suggests that these distributions be used “to link nutrient concentrations and algal
biomass in a very general sense.” The trophic classification boundaries are presented
below in Table 2.6, although they are not used to evaluate total nitrogen (TN) and total
phosphorous (TP) conditions in the Shasta River.

Table 2.6: Boundaries for Trophic Classification of Streams

Parameter Ollgotrol[)):li;-(;r;i;otrophlc Mesotl;;)g)lil;fi-::;rophlc Sample Size
TN (mg/L) 0.7 1.5 1070
TP (mg/L) 0.025 0.075 1366

Source: Modified from Dodds et al. 1998

Literature values from various sources associating phosphorus and nitrogen levels in
lakes and reservoirs to trophic status are presented in Table 2.7.

Table 2.7: Boundaries for Trophic Classification of Lakes and Reservoirs

. . . . Hyper-
Parameter Oligotrophic | Mesotrophic Eutrophic cutrophic Source
Forsberg and Ryding (1980,
Total P <0.015 0.015-0.025 0.025-0.1 >0.1 as cited by Florida Lake
Watch Undated)
Forsberg and Ryding (1980,
Total N <0.4 0.4-0.6 0.6-1.5 >1.5 as cited by Florida Lake
Watch Undated)
0.02-0.05 Environment Waikato
Total P <0.01 0.01-0.02 0.05-0.1% “0-1 | Regional Council (Undated)
0.3-0.5 Environment Waikato
Total N <02 0.2-0.3 0.5-1.5% 715 | Regional Council (Undated)

*Supereutrophic classification

Note: All units are mg/L.
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2.5.2 Shasta River Watershed Nutrient Conditions

Tables 2.8, 2.9, 2.10, and 2.11 provide a summary of nitrogen and phosphorus
concentrations in the Shasta River, Lake Shastina, springs (including Bassey, Evans, Jim,
Hidden Valley, and Big Springs), and key tributaries to the Shasta River, respectively.

2.5.2.1 Total Phosphorus

Total phosphorus levels in the headwaters of the watershed at the North North Fork
Shasta River and Shasta River near the headwaters monitoring locations are 0.025 mg/L'.
These values are below the USEPA 0.1 mg/L “desired goal” value to prevent nuisance
growth. It is unknown how these data compare to the 0.01 mg/L USEPA criteria for
ecoregion II, as the reporting limit is higher than the criteria value.

Downstream of the headwaters, Beaughton and Boles Creeks enter the Shasta River from
the west and flow through the phosphorus rich volcanic soils flanking Mount Shasta.
This is reflected in the high total phosphorous values in these creeks with averages of
0.192 and 0.119 mg/L respectively. These total phosphorus values are above the USEPA
guidance level of 0.1 mg/L to prevent nuisance growth of aquatic plants. These values
are also higher than the 0.01 mg/L USEPA criteria value for ecoregion II. As these
creeks enter the Shasta River, they contribute to phosphorus loads in the river, and this is
reflected in the high total phosphorous levels in the Shasta River above Dwinnell Dam.

Total phosphorus values in the Shasta River above Dwinnell are relatively high. Data
from this portion of the Shasta River reflect water quality conditions entering Lake
Shastina, with an average total phosphorus value of 0.09 mg/L. This total phosphorus
concentration is above the USEPA “desired goal” of 0.05 mg/L for streams where they
enter a lake or reservoir, and above the 0.01 mg/L criteria value for ecoregion II. Garrick
Creek (aka Carrick Creek) also discharges directly into Lake Shastina, and total
phosphorus values range from 0.1 to 0.29 mg/L. These values are above the USEPA
guidance level of 0.05 mg/L and ecoregion II criteria value of 0.01mg/L.

The relatively high total phosphorus concentrations in Garrick Creek and the Shasta
River above Dwinnell are reflected in monitoring data from Lake Shastina, where levels
of total phosphorus range from 0.025 to 0.59 mg/L near the surface, with an average of
0.138 mg/L. Total phosphorus concentrations near the bottom of the reservoir range
from 0.025 to 0.23 mg/L, with an average of 0.085 mg/L. These total phosphorus values

In this TMDL document, all water quality samples with results below the analytical reporting limit
were assumed to be half the reporting limit for this analysis. There is no commonly accepted method
for statistical analysis of data below detection limits. Conventional methods include assuming the
result is equal to the detection limit, half the detection limit, or zero, but these assumptions often have
no theoretical basis. There are statistical methods that can be used to infer the distribution of data that
are below detection limits. These require that the data be normally or log-normally distributed. The
data in this analysis were neither. Since non-parametric statistics are used in this analysis, since the
constituents are known to be present in the system, and since the number of data points are limited, the
convention of using half the reporting limit is used here although it may lead to unquantified errors,
especially when a large percentage of the data points in a set are below the reporting limit.
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Table 2.8 Sumunary of Mitrogen and Phosphorus data for the Shasta River

Location Metrie | “™™OMB | No3as v |[NOZNO3 ey | popimt | OrthoP | TowalP
asl as
Count 3 1 3 3 - 2 3
Count (ND) z 1 3 0 8 2 3
Shasta River near Ilax 0.0sa 0.025 0.0z3 0.20 023 0025 0.025
headaraters I edian 0041 H/& 0025 0.20 023 HiA 0.025
Avrerage nol4g /A 0025 .20 023 IR 0.025
Iulin 0025 0.025 0025 0.20 023 0025 0.025
Count 34 5 1 i - i 35
Count (HD) 29 a a 0 - 1 a
“hasta River above Max 0.080 0.336 0081 0,32 040 0111 0.730
Drarinunell I edian nozs 0.152 Hi& 0.20 = 0nze 0.060
Arerage 0.030 0.197 Hid 0.22 - 01.04% 0.0%0
Ilin 0020 0.071 0021 016 024 0012 0.005
Count 485 lils] 26 165 - 124 273
Count (NI 319 34 14 26 - 3 4
Shasta River bel ow Ilax 0.700 0.730 0.240 4.00 424 0.422 2.010
Dwrirmell Datm Median 0o7s 0.122 00zs 0.49 052 0131 0.239
Avrerage 0025 0.025 0027 .50 059 0.140 0.150
Mlin 00035 0.020 0023 010 013 0005 0.020
ITotal M was calolated by addingthe TEH and HO2+HO3 valueslisted in the table
Data from 1993-2003
Table 2.9: Summary of Nitrogen and Phosphorus data for Lale Shastina
Location Mewic | ™M | Nogasn [NOHNO3) 1N | Torint | OrtheP | Totlp
as as N
Z ount 14 - 4 4 o 4 20
Court (ND) 13 < 4 0 : 3 3
Lake Shastina I ax 0.093 : 0.025 1.20 123 0.170 0,590
(et swface) Median 0,025 t 0025 0.94 097 0025 0.070
Average 0.0z0 - 0025 0.94 094 006l 0.138
Ilin nozs - 0ozs 0.67 070 0025 0.025
Z ount 1% - 8 5 - 2 21
Court (ND) 12 : B 4 5 6 4
Lake Shastina Ilax 2200 - 0025 2.50 233 0370 0.230
[at depthy I edian 00zs - 0025 0.24 027 00z5 0.060
Average 03525 - 0025 1.28 1.30 1075 0.0%5
Min 0.0zs - 0.0zs5 010 013 0.0z5 0.025
ITatal M was caleulated by adding the TKN and HMO2+N03 valueslisted in the table
Data from 1993-2003
Tahle 2.10: Bumwnary of Mitrogen and Phosphorus data for Springs
Metric A'“’“;mas NOZasN NO::ﬁOS TKEN | Total ! | OrthoP | Total P
Count 8 3 12 3 - 5 3
C ount (D) 7 0 1 7 - z 2
Tulax N0EE 0290 0.260 069 095 0160 0220
Iedian 0025 0260 0.140 020 034 0098 0099
Arerage 0033 0253 0.130 0.26 0.41 0.0%6 0.107
Ilin 0025 nzin 0.025 0.20 0323 0.025 0025
ITotal M was caleulated by adding the TEHN and HO24+HO3 valueslisted in the table
D ata from 1993-2003
Note: springs monitored included Bassey, Evans, Jim, Hidden Valley, and Big Springs.
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Table 2.11: Summary of Mitrogen and Phosphorus data for Key Tributaries to the Shasta River

Location Metic | ™02 | Nogan [NO2NO3 ey | rojarret | OrtheP | TotalP
as N asN
M. Morth Fork ourd 3 - 3 3 - 2 3
C oyt (HD) 3 - 2 1] - 1] 2
Dl 0.025 - 0.031 1 1.05 0.025 0.025
Ifedian 0.025 - 0.034 n.zo 0.23 N/A 0025
Avverage 0.025 - 0.025 0.47 0.4 Mis 0025
Il 0.025 - 0.025 0.20 0.23 0.025 0.025
Beaughton Creek C ount 23 - 3 3 - 3 23
Court (NI 20 B 0 0 ] 0 0
Ilax 0.100 - 0.110 0.20 0.31 0.210 0.400
Iedian 0.025 - 0.0z 0.0 0.29 0.190 0.170
Average 0.033 - 0.024 n.zo 0.29 0.187 0.192
Iulin 0.025 - 0.083 0.z2o 0.2% 0.160 0.070
BolesCreek Count 16 - & o - i 17
C oot (HD) 16 - 0 1] - 1] 1
Ilax 0.025 - 0.560 0.20 0.76 0.120 0.310
Ifedian 0.025 - 0.525 n.zo 0.73 0.100 n.1in
Average 0.025 - 0.493% 0.2o .69 0.101 n.iis
Iin 0.025 - 0.360 0.20 0.56 0.082 0.025
Gatrick Creek C ot 16 - - - - - 48
Count (MDY 16 - - - - - 1]
Ilax 0.025 - - - - - 0.2%0
Median 0.025 - - - - - 0.160
Average 0.025 - - - - - 0.169
Iulify 0.025 - - - - - 0.100
Il ity C atial C ourd 4 4 - 3 - 3 4
C oyt (HD) 4 3 - 1] - 1] 1
Iulax 0.025 0.100 - nzs - 0.055 nnz4
Iledian 0.025 0.025 - 027 - 0.050 0.0z0
Average 0.025 0.044 - 026 - 0.048 0047
Iin 0.025 0.025 - 0.22 - 0.040 0.025
Patks creek C ot 14 1 - 4 - 4 12
C oot (HD) 14 0 - 1] - 2 3
I 0.025 0.098 - 0.66 - 0.025 0.260
Iedian 0.025 N - 0.20 - Mis o.oin
Average 0.025 H & - 03z - N/A 0.046
Iin 0.025 0.098 - 0.20 - 0.025 0.005
Little Shasta C ound 24 1 4 3 - 2 36
C oyt (HD) 22 1 4 1] - 1] 3
Iulax 0.100 0.025 0.025 045 0.9% 0.092 0400
Ifedian 0.025 H 4 0.025 025 0.23 N/A n.11in
Average 0.031 W4 0.025 0.41 0.43 N/A n.1is
Iin 0.025 0.025 0.02% 0.20 0.23 0.025 0025
Oregon Slough C ound 17 - 7 a - 7 23
Court (NI 7 z 0 0 E 0 0
Iulax 0.300 - 0.300 1.30 1.69 0.260 14.000
Median 0032 - 0.210 082 1.03 0.240 0.240
Avverage 0085 - 0.224 0.75 0.92 0.219 0875
Iulif 0.025 - [1.090 0.20 (.29 0.092 0.030
Yreka Creek C ot a - 10 T2 - a0 143
Court (NI 7 = 0 0 : 2 ]
Iulax 0.074 - 1.600 075 1.35 1.220 1.700
Ifedian 0.025 - 0260 n.zo 1.06 0.050 0.103
& verage 0.031 - 0.763 0.2é 1.02 0.11% 0238
Iin 0.025 - 0.0%% 0.10 0.20 0.010 o.0in
ITotal- M was caloulated by adding the TEN and NO2Z4+NO3 values listed in the table
Drata from 1993-2003
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reflect mesotrophic to hypereutrophic conditions, with the majority of data reflecting
conditions which are supereutrophic or hypereutrophic. All total phosphorus data
collected in Lake Shastina are above the USEPA “desired goal” for lakes and reservoirs
of 0.025 mg/L, indicating levels of phosphorus that can promote nuisance aquatic growth.

Total phosphorus levels in the Shasta River below Dwinnell Dam show spatial variation,
and the average total phosphorus level is 0.19 mg/L. Tributaries in this portion of the
watershed have total phosphorus values ranging from 0.005 to 1.7 mg/L. The total
phosphorus levels in springs are generally high with average values of 0.107 mg/L.
Average levels of total phosphorus in the mainstem, tributaries, and springs below
Dwinnell Dam are above the USEPA guidance value of 0.1 mg/L, and can promote
nuisance aquatic growth. Additionally, average total phosphorous values are well above
the recommended USEPA criteria for ecoregion I of 0.01mg/L.

Key findings regarding total phosphorus (TP) conditions are:

e Total phosphorus concentrations of the headwaters of the Shasta River are at

levels that do not promote nuisance aquatic growth.

e Average and maximum total phosphorus concentrations of tributaries and the
mainstem Shasta River are at levels that can promote nuisance aquatic growth.

e Average and maximum total phosphorus concentrations of Lake Shastina are
generally supereutrophic or hypereutrophic, with TP concentrations at levels that
can promote nuisance aquatic growth.

e Total phosphorus concentrations of springs are at levels that can promote
nuisance aquatic growth.

2.5.2.2 Total Nitrogen
The headwaters of the Shasta River have total nitrogen levels indicative of some level of

nutrient enrichment. Data from the Shasta River near the headwaters exceed the USEPA
criteria value of 0.12 mg/L for ecoregion II (0.23 mg/L) as do total nitrogen values from
the N. North Fork Shasta River (0.23 to 1.05 mg/L).

Total nitrogen levels in Boles Creek range from 0.56 mg/L to 0.76 mg/L and are higher
than those in Beaughton Creek, which range from 0.28 to 0.31 mg/L. Data from the
Shasta River above Dwinnell Dam reflect total nitrogen levels ranging from 0.24 to 0.40
mg/L. These tributary and mainstem values are at least twice the USEPA criteria for
ecoregion II of 0.12 mg/L.

Surface measurements from Lake Shastina reflect conditions that are mesotrophic with
values ranging from 0.70 to 1.23 mg/L. The average value of total nitrogen from samples
collected at depth is close to the mesotrophic/eutrophic border (1.3 mg/L), and the
maximum value is within the eutrophic classification range (2.53 mg/L).

In the Shasta River below Dwinnell Dam, total nitrogen values are all over the 0.12 mg/L
USEPA criteria value for ecoregion II. Minimum total nitrogen levels are 0.13 mg/L and
average and maximum values are far above the USEPA ecoregion II criteria (0.59 and
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4.49mg/L respectively). Measured tributaries below the dam have total nitrogen values
that are well above the USEPA criteria value. Average values of total nitrogen in Little
Shasta, Oregon Slough and Yreka Creek are 0.43, 0.22, and 1.02 mg/L respectively.
Springs in the watershed below the Dwinnell Dam have total nitrogen values ranging
from 0.23 to 0.95 mg/L, which are above the 0.12 mg/L USEPA ecoregion II criteria.

Key findings regarding total nitrogen conditions are:

e Total nitrogen levels at measured locations in the Shasta River, tributaries, and
springs exceed the USEPA criteria value for ecoregion II, with the exception of
the Shasta River below Dwinnell Dam.

e In Lake Shastina, total nitrogen levels are generally mesotrophic to eutrophic,
indicating conditions that promote aquatic growth.

2.6 Evidence of Beneficial Use Impairment

The previous three sections characterize temperature, dissolved oxygen, and nutrient
conditions of the Shasta River basin. Section 2.3 demonstrates that temperature
conditions regularly exceed USEPA temperature thresholds protective of salmonids.
Section 2.4 demonstrates that dissolved oxygen concentrations are regularly below the
Basin Plan dissolved oxygen objectives. Further, a comparison of the dissolved oxygen
data presented in Section 2.4 to the dissolved oxygen requirements of salmonids
presented in Electronic Appendix B, indicates that Shasta River dissolved oxygen
concentrations are often not supportive of various life stages of salmonids. Section 2.5
demonstrates that nutrient levels in the Shasta River are biostimulatory. This section
summarizes prior documentation of how the temperature and dissolved oxygen
conditions of the Shasta River basin are impairing the cold and warm freshwater habitat
beneficial uses.

2.6.1 Cold Freshwater Habitat Impairment

As discussed in Section 1.4.10, salmonid populations of the Shasta River basin have
declined sharply from historic levels. In 1985, the U.S. Department of Interior linked
declining Shasta River salmonid populations to high summer stream temperatures, low
summer flows, unscreened water diversions, degraded spawning gravel, and possibly
hydroelectric projects (U. S. Department of Interior [USDI] 1985, pp. 5-8 to 5-16).
Further, the report identified that rapid in-stream flow reductions at the onset of the
spring irrigation season were possibly contributing to juvenile fall Chinook, coho, and
steelhead losses, caused by stranding in pools and side channels. In 1987 and 1988, the
California Department of Fish and Game (CDFG) sent memos to the Regional Water
Board requesting assistance in assessing the link between water quality and the status of
the Shasta River fishery. CDFG stated that in late spring during low water years,
“depressed dissolved oxygen resulting from high biological oxygen demand and high
temperature” in the Shasta Valley contributed to mortality of Chinook and steelhead
(CDFG 1987). The 1988 memo cited “critical conditions due to dissolved oxygen
concentrations, nutrient concentrations and temperature; especially during poor water
years (CDFG 1988).”
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A 1990-1991 Shasta River fisheries water quality project, funded by the US Fish and
Wildlife Service Klamath River Basin Fisheries Task Force and the Shasta Valley
Resource Conservation District, cited that fish kills in the Shasta were attributable to low
dissolved oxygen levels (Ouzel Enterprises 1991, p. 2). The National Academy of
Science report, “Endangered and Threatened Fishes in the Klamath River Basin: Causes
of Decline and Strategies for Recovery,” attributes the Shasta basin decline in salmonid
production to “substantial reduction of flows by water withdrawal and the associated poor
water quality,” and states that high water temperature is “a major bottleneck for salmonid
production” in the basin (National Research Council of the National Academies [NRC]
2003, p. 133).

In the summer of 2005, the California Department of Fish and Game documented water
quality conditions in the Shasta River and a side channel located in the canyon called
Salmon Heaven, and observed a number of dead fish (CDFG 2005b). On July 7™ one
dead 1+ steelhead was observed in the side channel where the water temperature was
25.2°C, which is well above the juvenile rearing MWMT chronic temperature thresholds
in Table 2.3, and over the juvenile lethal threshold in Table 2.4. Salmonids in this side
channel were also observed swimming in the pool near the surface. Before dawn (04:42)
on July 8", dissolved oxygen concentrations were 2.17 mg/L in the downstream end of
the side channel pool and 2.71 mg/L at the riffle above the pool (Basin Plan dissolved
oxygen objective is a minimum of 7.0 mg/L), and stream temperatures ranged from 19.3
to 19.5 °C. On July 14™, 20 dead adult sculpin and 4 dead crayfish were observed in the
side channel. No salmonids were observed. In the mid-afternoon (14:15), stream
temperature in the side channel was 25°C and dissolved oxygen was 10.5 mg/L. Water
temperature and dissolved oxygen levels in a spring that feeds the side channel were
respectively 17.9°C and 0.5 mg/L in mid-afternoon (15:50) on the 14",

These recent and past accounts indicate that stream temperatures and dissolved oxygen
concentrations of the Shasta River basin significantly contribute to impairment of the
cold freshwater beneficial use of the basin.

2.6.2 Warm Freshwater Habitat Impairment

Fish kills in Lake Shastina have been documented on numerous occasions, beginning in
the 1960s. According to California Department of Fish and Game accounts (1975), fish
kills were an annual summer-time occurrence in the lake during the 1960s. During that
time, fish kills were attributed to low dissolved oxygen levels associated with algal
blooms. The algal blooms were noted to occur due to high nutrient levels in the lake.
These summer-time fish kills did not occur during the early 1970s, and CDFG (1975)
notes that this may be due to improved wastewater treatment and water quality practices
resulting in fewer nutrients being discharged into Lake Shastina.

The most recent documented fish kill in Lake Shastina occurred in 2001 when numerous
dead Pond smelt and a few dead Tui chub, Golden shiners, and juvenile Largemouth bass
were found around the edges of the lake (CDFG 2001). CDFG found no parasites or
bacterial pathogens in the live fish tested, although they note that finding symptomatic
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fish was difficult. Water quality samples for dissolved oxygen, pH, and temperature in
the lake were determined to be “okay”, but numeric water quality results were not
provided (CDFG 2001).

2.6.3 Potential Municipal and Domestic Water Supply and Contact Recreation
Impairment

Lake Shastina is an existing municipal and domestic water supply for the town of
Montague. The lake is also used for both contact and non-contact recreation. The
outflow from Lake Shastina is located near the bottom of the reservoir at Dwinnell Dam,
and water is delivered to the town of Montague drinking water treatment facility via an
open ditch periodically treated with a pesticide. Lake Shastina experiences regular
summer algal blooms, and the algal assemblage is typical of eutrophic waters (Vignola
and Deas 2005). In July 2004, Regional Water Board staff collected algal samples from
Lake Shastina at two open water locations (at three depths at each location) in support of
TMDL development. All of the algal samples included Anabaena flos-aquae, with cell
densities ranging from 2 cells/mL at depth up to 994 cells/mL near the surface
(NCRWQCB and University of California Davis Aquatic Ecosystems Analysis
Laboratory [UCD AEAL] 2005). Anabaena flos-aquae is a cyanobacteria (also called
blue-green algae) that produces multiple neurotoxins, including anatoxin-a (Kann 2005).
The presence of neurotoxins was not analyzed as part of the Regional Water Board’s
Lake Shastina study. Anatoxins are neurotoxic agents that have been implicated in
numerous animal and wildlife poisonings, and one human fatality (Kann 2005).

Health risks identified by the World Health Organization (Chorus and Bartram 1999, as
cited by Vignola and Deas 2005) for managing bathing waters that may contain
cyanobacteria cells are:

- Low risk: <20,000 cells/ml
- Moderate risk: 100,000 cells/ml
- High risk: Cyanobacterial scum formation in contact recreation areas

While the cell counts were within the low risk category, the samples were collected at
open water locations. Wind can accumulate algal blooms at shoreline locations, and cell
densities can readily be increased by 1000 times or more (Brookes et al 2005, as cited by
Vignola and Deas 2005).

These results represent a potential impairment to the municipal and domestic supply and
contact recreation beneficial uses of Lake Shastina. This condition is not directly related
to temperature and dissolved oxygen impairments; however, it is indirectly linked, as the
water quality conditions that typically cause algal blooms (i.e. high nutrient
concentrations and warm water temperatures) also contribute to low dissolved oxygen
levels in reservoirs that are attributed to decomposition of dead algae.
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CHAPTER 3. TEMPERATURE SOURCE AND LINKAGE
ANALYSIS

3.1 Introduction

This chapter identifies the sources (or factors) that affect the temperature of the Shasta
River and its tributaries and establishes a linkage between these sources (or factors) and
stream temperature. First, the general stream heating processes applicable to any surface
waterbody are described in the following section. The contributions from the identified
sources (or factors) affecting Shasta River watershed temperatures are quantified in
Chapter 6.

3.1.1 Stream Heating Processes

Water temperature is a measure of the total heat energy contained in a volume of water.
Stream temperature is the product of a complex interaction of heat exchange processes.
These processes, collectively referred to as heat fluxes, are applicable to all surface
waterbodies and include heat gain from direct solar (short-wave) radiation, both gain and
loss of heat through long-wave radiation, convection, conduction, advection, and heat
loss from evaporation (Beschta et al. 1987; Brown 1980; Johnson 2004; Sinokrot and
Stefan 1993; Theurer et al. 1984).

e Net direct solar radiation reaching a stream surface is the difference between
incoming radiation and reflected radiation, reduced by the fraction of radiation
that is blocked by topography and stream bank vegetation (Sinokrot and Stefan
1993). At a given location, incoming solar radiation is a function of position of
the sun, which in turn is determined by latitude, day of the year, and time of day.
During the summer months, when solar radiation levels are highest and stream
flows are low, shade from streamside forests and vegetation can be a significant
control on direct solar radiation reaching streams (Beschta et al. 1987). Ata
workshop convened by the State of Oregon’s Independent Multidisciplinary
Science Team, 21 scientists reached consensus that solar radiation is the principal
energy source that causes stream heating (Independent Multidisciplinary Science
Team 2000).

e Heat exchange via long-wave radiation at a stream surface is a function of the
difference between air temperature and water surface temperature (Oregon
Department of Environmental Quality [ODEQ] 2000; Sinokrot and Stefan 1993).
Long-wave radiation emitted from the water surface can cool streams at night.
Likewise, long-wave radiation emitted from the atmosphere and surrounding
environment can warm a stream during the day. During the course of a 24-hour
period, heat leaving and heat entering a stream via long-wave radiation generally
balance (Beschta 1997; ODEQ 2000).

e Evaporative heat losses are a function of the vapor pressure gradient above the
stream surface and wind conditions (Sinokrot and Stefan 1993). Evaporation
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tends to dissipate energy from water and thus tends to lower temperatures. The
rate of evaporation increases with increasing stream temperature. Air movement
(wind) and low vapor pressures (dry air) increase the rate of evaporation and
accelerate stream cooling (ODEQ 2000).

e Convection describes heat transferred between the air and water via molecular
and turbulent motion. Heat is transferred from areas of warmer temperature to
areas of cooler temperature. The amount of heat transferred by this mechanism is
generally considered low (Brown 1980; Sinokrot and Stefan 1993).

e Conduction is the means of heat transfer between the stream and its bed. In
shallow streams, solar radiation may be able to warm the streambed (Brown
1980). Bedrock or cobbles on the streambed may store heat and conduct heat
back to the water if the bed is warmer than the water (ODEQ 2000). Likewise,
water can lose or gain heat as it passes through subsurface sediments during intra-
gravel flow through gravel bars and meanders. Bed conduction is a function of
the thermal conductivity of the bed and the temperature gradient within the bed
(Sinokrot and Stefan 1993). A streambed that has absorbed radiant energy during
the day will conduct that energy back to the stream at night.

e Advection is heat transfer through the lateral movement of water as stream flow
or groundwater. Advection accounts for heat added to a stream by tributaries or
groundwater. This process may warm or cool a stream depending on whether a
tributary or groundwater entering the stream is warmer or cooler than the stream.

Each of the heat fluxes discussed above can be represented by mathematical equations.
By adding the values of the fluxes for a particular location, the net of the heat fluxes
associated with all of these processes can be calculated (Sinokrot and Stefan 1993;
Theurer et al. 1984). The net heat flux represents the change in the water body’s heat
storage. The net change in storage may be positive, leading to higher stream
temperatures, negative, leading to lower stream temperatures, or zero such that stream
temperature does not change.

Of the processes described above, solar radiation is most often the dominant heat
exchange process. In some cases and locations advection has a great effect on stream
temperatures by diluting heat loads via mixing of colder water. Although the dominance
of solar radiation is well accepted (Johnson 2003; Johnson 2004; Sinokrot and Stefan
1993; Theurer et al. 1984), some studies have indicated that air temperatures are the
prime determinant of stream temperatures. These studies have based their conclusions on
correlation rather than causation (Johnson 2003). Air and water temperatures are
generally well correlated, however correlation does not imply causation. Heat budgets
developed to track heat exchange consistently demonstrate that solar radiation is the
dominant source of heat energy in stream systems (Johnson 2004; ODEQ 2002; Sinokrot
and Stefan 1993).
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The conclusion that solar radiation is a major source of stream temperature increases is
supported by studies demonstrating both temperature increases following removal of
shade-producing vegetation, and temperature decreases in response to riparian planting.
Johnson and Jones (2000) documented temperature increases following shade reductions
by timber harvesting and debris flows, followed by temperature reductions as riparian
vegetation became re-established. In another study, shade loss caused by debris flows
and high waters of the flood of 1997 led to temperature increases in some Klamath
National Forest streams (De la Fuente and Elder 1998). Riparian restoration efforts by
the Coos Watershed Association reduced the MWAT of Willanch Creek (located in
Oregon) by 2.8 °C (6.9 °F) over a six-year period (Coos Watershed Association undated).
Miner and Godwin (2003) reported similar successes following riparian planting efforts.

3.2 Sources of Information

Much of the data and information used in the development of the temperature TMDL

were collected during the summers of 2002, 2003, and 2004 by Regional Water Board
staff, with assistance from the U.S. Geological Survey and Watershed Sciences, LLC.
These data included:

e Stream and tailwater temperature monitoring data:

e Thermal infrared remote radiometry (TIR) survey of the Shasta River and select
tributaries;

e Existing flow and temperature modeling of the Shasta River developed for the
SVRCD; and

e Text books and scientific literature.

3.3 Stream Heating Processes Affected by Human Activities in the Shasta River
Watershed

Regional Water Board staff identified factors affecting stream temperatures of the Shasta
River watershed. Human activities have affected, or have a potential to affect, each of
these factors. The factors include:
e Stream shade;
Tailwater return flows;
Flow and surface water diversions;
Groundwater accretion / spring inflow; and
Lake Shastina and minor channel impoundments.

Following a discussion on the collection and use of infrared imagery in developing the
temperature TMDL, the Shasta River stream heating factors are evaluated.

3.3.1 Collection and Use of Infrared Imagery

The North Coast Water Board funded a thermal infrared remote radiometry (TIR) survey
of the Shasta River and select tributaries (Watershed Sciences, LLC 2004) in support of
this study. On July 26 and 27, 2003, Watershed Sciences, LLC conducted aerial TIR
surveys of the Shasta River from the mouth to Dwinnell Dam, Little Shasta River, Parks
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Creek, and Big Springs Creek. The imagery was collected using side-by-side video and
infrared cameras. The survey yielded temperature measurements of approximately /2
meter-square pixel resolution, in images that captured an area approximately 140 m — 193
m (4591t - 635ft) on the ground, depending on flight altitude. The accuracy of TIR data
was better than +/- 0.5°C (0.9°F), based on instream temperatures directly measured at the
time of the flight. Watershed Sciences subsequently processed the thermal information
into longitudinal profiles, a GIS database, and other data products. A complete
description of Watershed Sciences’ methods, measurement accuracy, and findings is
available in their 2004 report (Appendix B, Aerial Surveys using Thermal Infrared and
Color Videography: Scott River and Shasta River Sub-Basins).

The longitudinal temperature profile of the Shasta River from the TIR survey shows that
the river is thermally complex, with reaches of pronounced heating and cooling, as well
as reaches with stable temperatures (Figure 3.1). The results also provide insight into
factors likely to have an influence on Shasta River temperatures.

The following sections discuss the effects of stream shade, tailwater return flows, surface
water diversions, and groundwater accretion / spring inflow on stream temperature, and
present TIR imagery and associated data that provide supporting evidence.

3.3.2 Shade

Direct solar radiation is a significant factor influencing stream temperatures in summer
months. The energy added to a stream from solar radiation far outweighs the energy lost
or gained from evaporation or convection (Beschta et al. 1987; Johnson 2004; Sinokrot
and Stefan 1993). Because shade limits the amount of direct solar radiation reaching the
water, it provides a direct control on the amount of heat energy the water receives.

Shade is created by vegetation and topography. In addition to ridges, topographic shade
includes channel banks. In small streams with deep, incised channels the shade created
by the channel banks can comprise a significant portion of the total shade on the channel.

Topographic shade is minimal to non-existent in the Shasta Valley, but is more prominent
in the Shasta canyon reach (Figure 1.4). The average percentage of the sky (180 degrees,
horizon to horizon, regardless of aspect) that is in view from the Shasta River stream
channel is 95%. USGS made this calculation using the computer program SKYVIEW,
which calculates topographic shading and blocking ridges around each pixel in a 30-
meter digital elevation model (Flint and Flint 2005, Table 1).

The shade provided to a water body by riparian vegetation has a dramatic, beneficial
effect on stream temperatures by blocking solar radiation, reducing wind speed, altering
the microclimate above the water surface (i.e. air temperature and relative humidity), and
reflecting long-wave radiation. The removal of vegetation decreases shade, which
increases solar radiation levels which, in turn, increases stream temperatures.
Additionally, the removal of vegetation increases ambient air temperatures, can result in
bank erosion, and can result in changes to the channel geometry to a wider and shallower
stream channel, all of which also increase water temperatures.
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Figure 3.2 presents TIR data from the 2003 survey and is an example of the cooling
effect of riparian vegetation on Shasta River temperatures. At RM 37.3 the riparian
vegetation noticeably changes from sparsely vegetated to densely vegetated. In some
areas the river is difficult to see because the vegetation is so thick (Figure 3.2). This
change in riparian condition coincided with a 4-degree drop in temperature. Based on a
review of the TIR data, there are no indications of springs or groundwater accretion in
this reach, though either may be present. In contrast, Figure 3.3 presents an example of a
sparsely vegetated reach of the Shasta River, where stream temperatures remain elevated
and fairly constant.

| Flow Direction |
T A
S . - .h.“

12.513.013.514.0 14.515.0 155 16.0 16.517.0 17.5 18.0 18.5 19.019.5 200205210 215 220VEETLS * ﬂﬁ&ﬁﬂ!ﬁﬁ Eﬂ.ﬂ!ﬁ.ﬁ!i’.ﬂ-
Figure 3.2: Example of dense riparian vegetation in the RM 37.3 — 34.1 cooling reach, RM 36.4

Source: Watershed Sciences 2004
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Figure 3.3: Example of sparse riparian vegetation, RM 24.2
Source: Watershed Sciences 2004
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In 2003 a flow and temperature model of the Shasta River was developed for the Shasta
Valley Resource Conservation District with funding from the California Department of
Fish and Game (Deas et al. 2003). The Tennessee Valley Authority’s River Modeling
System (RMS), a one-dimensional hydrodynamic and water quality model, was used. The
purpose of the project was to investigate the effects of management actions on stream
temperature (Deas et al. 2003).

The project used the RMS model as a tool to assess the role of riparian shade on stream
temperature, among other factors. Figure 3.4 presents model results of stream
temperature sensitivity to transmittance. These model simulations were run for August
28,2001 meteorological conditions with a flow of 50 cubic feet per second (cfs).
Transmittance of 100% means no solar blockage (i.e. no shade), and transmittance of
10% means solar radiation is reduced by 90%. As seen in Figure 3.4, no shading
produces an average daily temperature at the mouth of 19.2°C. Reducing solar radiation
by 15, 50, and 90% translated to an average cooling of the system at the mouth of about
1.5, 3.0, and 4.0 °C, respectively (Deas et al. 2003).

: \

0 5 10 15 20 25 30 35

Water Temperature (C)

‘ 10 50 85 100 ‘

Figure 3.4: Longitudinal profile of average daily temperature for August 28, 2001 meteorological
conditions for 50 cfs test case with varying transmittance (10%, 50%, 85%, 100%)
Source: Deas et al. 2003

Deas and others (2003) also evaluated the effects of riparian shading on stream
temperature on a reach-by-reach basis. In these simulations shade associated with
existing riparian vegetation was applied to the entire river, and then shade from mature
trees (parameterized as 22 feet tall trees on each bank, based on field monitoring of
Shasta River riparian tree heights) was added to each of five reaches of the modeled river,
one reach at a time. The reaches are numbered 1 to 5 from downstream to upstream. The
results of the August 2001 simulations are presented for select river locations in Figure
3.5. The largest reduction in daily maximum temperature was nearly 3 °C at the mouth
associated with mature shade-producing riparian trees in the canyon reach.

Finally, the effects on stream temperature associated with alternate riparian vegetation
restoration schemes were simulated by Deas and others (2003). When 7 foot tall
bulrushes, with a transmittance value of 90%, were added to all reaches currently devoid
of riparian vegetation, maximum temperature at the Mouth was reduced by nearly 1°C
compared to the baseline condition. When all reaches currently devoid of riparian
vegetation were colonized by 22 foot high trees, with a transmittance of 10%, maximum
temperature at the mouth was reduced by 7 °C, and the overall mean daily increase from
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Figure 3.5: Reach by reach shading results for August. Deviations from (A) August base-case
condition in (B) daily minima, (C) daily average, and (D) daily maxima of simulated water
temperature at GID, Hwy 12, DWR Weir, Anderson Grade Road, and the mouth of the Shasta

River.
Source: Deas et al. 2003

Staff Report for the Action Plan for the Shasta River Watershed
Dissolved Oxygen and Temperature Total Maximum Daily Loads

Temperature Source
and Linkage Analysis
3-8




the top of the model reach (RM 31.8) to the mouth was less than 1 °C.

These model results indicate that reductions in solar loading associated with increases in
riparian shading cause a cooling of stream temperatures in the Shasta River. While
maximum temperature reductions of up to 7 °C may be possible under a condition of
mature riparian tree coverage on the Shasta River, even modest improvements caused by
bulrush colonization could produce a noticeable reduction in stream temperature.

Based on these model results and the Shasta River TIR survey, Regional Water Board
staff identified shade as an important factor affecting stream temperatures of the Shasta
River and its tributaries.

3.3.3 Tailwater Return Flows

Flood irrigation is the common irrigation practice in the Shasta Valley. When irrigation
water is applied to a field in this manner, it generally flows across the field as a thin sheet
or in shallow rivulets, and is prone to heating during daylight hours and cooling at night
in response to air temperature. Regional Water Board staff deployed temperature
monitoring devices at several locations with irrigation return flows. Upon review of the
monitoring results, it was very difficult to determine when the temperature monitoring
probes were exposed to irrigation return flow versus when they were exposed to the air,
indicating that the temperature of the tailwater return flows were generally at equilibrium
with the air temperature.

The July 26 and 27, 2003 TIR imagery shows a number of examples of locations where
tailwater return flows caused an increase in Shasta River stream temperatures. The most
significant example of this is on Big Springs Creek, where a tailwater return flow was 9.2
°C warmer than the creek and caused a plume of hot water that extended for hundreds of
meters (Figure 3.6). Based on this information, Regional Water Board staff determined
that irrigation return flows can have a significant effect on the temperature of the Shasta
River and its tributaries.

3.3.4 Flow and Surface Water Diversions

Surface water diversions decrease the volume of water in the stream and thereby decrease
a stream’s capacity to assimilate heat. When water is removed from a stream the thermal
mass and velocity of the water are decreased. Thermal mass refers to the ability of a
body to resist changes in temperature. Basically, less water heats or cools faster than
more water. Decreases in velocity increase the time required to travel a given distance
and thus increase the time heating and cooling processes can act on the water. These
principles are true for any stream.

Locations of surface water diversions from the Shasta River are identified on the
longitudinal temperature profile of the Shasta River in Figure 3.1. Several of these
diversions coincide with an increase in the rate of heating of the river, most notably at
RM 26.2. The longitudinal temperature profile of the Shasta River is from the TIR
survey conducted on July 26, 2003, and all diversions identified on Figure 3.1 may not
have been diverting on this date.
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As demonstrated in the TIR survey report (Appendix B), stream warming occurs in Parks
Creek and the Little Shasta River, and portions of these tributaries completely dry up,
most likely due to surface water diversion. Potential thermal refugia are lost when the
mouth of a tributary that has cold water sources, such as Parks Creek, dries up.

The Shasta River flow and temperature modeling by Deas and others (2003) evaluated
the effect of flow on stream temperature. Sensitivity of stream temperature to flow was
modeled using 10, 50, and 100 cfs for August 28, 2001 meteorological conditions. The
simulations assumed no shading. Daily average temperatures over this range of flows are
shown in Figure 3.7.

8
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Figure 3.7: Longitudinal profile of average daily temperature by river mile for August 28, 2001
meteorological conditions for 10, 50, 100 cfs
Source: Deas et al. 2003

To further assess the impact of flow regime on water temperature in the Shasta River,
Deas and others (2003) simulated adding water to the river base flow at the beginning of
each of the five river reaches in a stepwise fashion. For example, one simulation added
20 cfs to the most upstream reach. The next simulation removed the added 20 cfs from
the upstream reach and placed an additional 20 cfs at the beginning of the next reach, and
so on. The temperature of the added flow for each simulation was the same as that of the
baseline flow. Simulation results of adding 20 cfs in each reach in August are presented
in Figure 3.8. The simulation results indicate that the farther upstream the water is added,
the more miles of river experience a decrease in water temperature, corresponding with
the baseline temperature of these flows.

In summary, the addition of 20 cfs reduces the maximum temperatures in the middle and
lower reaches by 2 to 3 °C and increases daily minimum temperatures by up to 2°C. It is
important to note, however, that the increases in the daily minimum temperatures were
associated only with 20 cfs flow increases from locations in the lower valley where
baseline temperatures are warmer than at more upstream reach locations. Based on these
modeling results and the TIR information, Regional Water Board staff identified flow as
an important factor affecting temperatures of the Shasta River and its tributaries.

An important indirect effect of flow on stream temperature is related to soil moisture
levels. Generally, soil moisture levels in the riparian zone of streams decrease with
decreasing flow.
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Figure 3.8: Flow regime results for 20 cfs inflows in August. Deviations from (A) August base-
case condition in (B) daily minima, (C) daily average, and (D) daily maxima of simulated water
temperature at GID, Hwy 12, DWR Weir, Anderson Grade Road, and the mouth of the Shasta
River.

Source: Deas et al. (2003)
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Soil moisture limitation is an important limiting factor for riparian vegetation
establishment and growth (Kennedy et al. 2005, p 17). As surface water levels drop in a
stream, the roots of riparian vegetation may not get the amount of water needed to survive.
Soil moisture stress is a common cause of failure of riparian restoration efforts. This
relationship between summer flow and riparian condition is important. If inadequate soil
moisture levels limit or prevent riparian vegetation growth, then the opportunity for stream
temperature improvements due to increase in riparian shade cannot be realized

3.3.5 Groundwater Accretion / Spring Inflows

Ground water accretion and spring inflows affect stream temperatures in a number of
ways. Most importantly, groundwater accretion and spring inflows provide a stream with a
cold source of water that cools the stream (advection). The effect of groundwater and
spring inflows on Shasta River and tributary temperatures has not been well documented.
Regional Water Board monitoring of selected springs within the Shasta River basin,
however, shows that the average temperatures of spring flows range from 9 °C to 12°C,
temperatures significantly lower than the average Shasta River temperature (NCRWQCB
2004b, see Appendix Ce).

The TIR survey identified a number of springs that caused cooling of stream temperatures,
including springs on Parks Creek, Big Springs Creek, and the Shasta River. Figure 3.9
provides an example of a significant cold water source, most likely a spring, which
dropped the stream temperature 3.2 °C to 19.3 °C. Based on the above referenced
monitoring data and the TIR survey results, Regional Water Board staff identified
groundwater accretion and spring inflows as important factors lowering temperatures of
the Shasta River and its tributaries.

3.3.6 Lake Shastina and Minor Impoundments

Information on the effect of Lake Shastina and minor Shasta River impoundments is
synthesized from Vignola and Deas (2005) and Deas (2005a). In addition to Dwinnell
Dam, the largest impoundment on the Shasta River, there are several smaller
impoundments — often termed “flashboard” dams — that are used to raise the water level in
the river to provide for diversion (either direct or pumping) primarily for agricultural use.
Impoundments can alter the thermal regime of a river system. Differences in heat loading
due to impoundments can occur because of an increase in water surface area, providing a
larger surface area over which energy transfer can occur. Larger air-water interface
provides additional area for solar radiation to enter the system; however, the larger surface
area also allows increased fetch (allowing more wind mixing) and potentially improved
cooling due to evaporation. Probably a more important characteristic of the impoundment
is the increased thermal mass, which leads to moderation of the diurnal temperature signal.

Finally, impoundments generally increase river width and limit the ability of riparian
shading to reduce incoming solar radiation. Similarly, the effect of topographic shading
due to stream banks or bluffs is reduced when the river width is increased due to an
impoundment. There are not sufficient stream temperature data within and downstream of
the existing flashboard dams on the Shasta River to evaluate their effect on stream
temperature. However, Regional Water Board staff suspect they cause heating of surface
waters behind the impoundments, and this heating may be expressed a short distance
downstream of the impoundments.
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The water temperatures within Lake Shastina are summarized in Section 2.3.4. Figure
3.10 illustrates water temperatures of Shasta River inflows to Lake Shastina, surface
water temperatures in Lake Shastina near the dam, and temperatures in the Shasta River
below Lake Shastina for the period fall 2000 through fall 2001. As shown in Figure 3.10
the temperatures of the Shasta River above Lake Shastina are roughly similar to the
surface water temperatures of Lake Shastina near the dam. Lake Shastina near the dam
exhibits slightly warmer surface water temperatures in the spring of 1998. Most notably,
the Shasta River below Lake Shastina is generally cooler than Lake Shastina surface
water temperatures and the river temperature upstream of Lake Shastina during summer
months. This is most likely due to the fact that the outflow from Lake Shastina comes
from the bottom of the reservoir, where water is cooler in summer months (see Figure
2.6). The discontinuity in the water temperature trace of the Shasta River below Lake
Shastina from October through November most likely represents turnover. The
temperature of the Shasta River below Lake Shastina is similar to upstream locations
from late fall through mid-spring when the reservoir is de-stratified. Based on this
information, Regional Water Board staff identified the presence of Dwinnell Dam as an
important factor affecting stream temperatures in Lake Shastina and in the Shasta River
downstream of the dam.

30.0

—&—Lake Shastina
25.0 || —=— ShastaRiver above Lake Shastina
—=a— Shasta River below Lake Shastina
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Figure 3.10: A comparison of surface water temperatures in the Shasta River above Lake
Shastina, the surface water temperature of Lake Shastina near the dam, and in the Shasta River
below Lake Shastina.

Source: Vignola and Deas 2005
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CHAPTER 4. DISSOLVED OXYGEN SOURCE AND LINKAGE
ANALYSIS

4.1 Introduction

This chapter identifies the processes that affect dissolved oxygen concentrations of the
Shasta River and its tributaries and establishes a linkage between these processes and
measured dissolved oxygen concentrations. First, the various processes that can affect
dissolved oxygen concentrations in a surface waterbody are reviewed. Secondly, the
chapter identifies the anthropogenic sources (or factors) that are affecting these processes
and controlling dissolved oxygen concentrations in the Shasta River and its tributaries.
The contributions from these sources are then quantified in Chapter 7.

4.1.1 Processes Affecting Dissolved Oxygen in Surface Waters
Dissolved oxygen levels in surface waters are controlled by a number of interacting
processes (Figure 4.1), including:
e Photosynthesis;
Respiration;
Carbonaceous deoxygenation within the water column ;
Nitrogenous deoxygenation ;
Nitrification;
Reaeration;
Sediment oxygen demand; and
Methanotrophy.

Reaeration
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Figure 4.1: Physical, Chemical, and Biological Processes Affecting Dissolved Oxygen
in Surface Water Bodies
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e Photosynthesis is the process by which solar energy is stored as chemical energy in
organic molecules. In this process, oxygen is liberated and carbon dioxide is
sequestered.

e The organic matter produced by photosynthesis then serves as an energy source for
nearly all other living organisms in the reverse processes of respiration and
decomposition whereby oxygen is bonded with other elements.

e Carbonaceous deoxygenation is the technical term for decomposition, involving the
consumption of oxygen by bacteria during the breakdown of organic material.
Carbon dioxide is released as a byproduct of carbonaceous deoxygenation. When this
oxidation is exerted on carbonaceous organic material that is suspended in the water
column, it is measured as biochemical oxygen demand (BOD), typically measured as
the amount of oxygen consumed during a five-day test period (BODs).

e Nitrogenous deoxygenation involves the conversion of organic nitrogen to ammonia
(NH,") by bacteria, a process that consumes oxygen.

e Nitrification is the process by which ammonia is oxidized to nitrite (NO*) and
subsequently to nitrate (NO™); a process that also consumes oxygen.

e Reaeration is the process whereby atmospheric oxygen is transferred to a waterbody.

o Sediment oxygen demand refers to the consumption of oxygen by sediment and
organisms (such as bacteria and invertebrates) through both the decomposition of
organic matter and respiration by plants, bacteria, and invertebrates. Simplistically,
sediment oxygen demand is carbonaceous deoxygenation and respiration occurring in
the sediments.

e  Methanotrophy is the process by which methane (CHy) is biologically oxidized in
aerobic environments, a process that consumes oxygen and forms carbon dioxide and
water. Methanotrophy can occur in sediments and at the sediment-water interface.
Where methanotrophy occurs, it can be measured as part of the overall sediment
oxygen demand.

In addition to these processes, dissolved oxygen concentrations are affected by water
temperature, salinity, and atmospheric pressure. Oxygen is soluble, or “dissolved” in
water. The solubility of oxygen is a function of water temperature, salinity, and
atmospheric pressure; decreasing with rising temperature and salinity, and increasing
with rising atmospheric pressure. At sea level (1 atm of pressure) fresh water has a
saturation dissolved oxygen concentration of about 14.6 mg/L at 0°C and 8.2 mg/L at
25°C. The connection between dissolved oxygen concentration and water temperature is
important given the fact that the Shasta River is impaired by both high water
temperatures and low dissolved oxygen concentrations.

4.2 Sources of Information

Much of the data and information used in the development of the dissolved oxygen
TMDL was collected during the summers of 2002, 2003, and 2004 by Regional Water
Board staff, with assistance from the U.S. Geological Survey and UC Davis Aquatic
Ecosystems Analysis Laboratory. These data included:

e Hourly dissolved oxygen measurements at 16 sites;

e Hourly temperature measurements at 19 sites;
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e Grab sample measurements of nutrients and oxygen-consuming parameters from
42 Shasta River, tributary, spring, and tailwater return sites;

e Sediment oxygen demand measurements at 18 Shasta River locations;

Aquatic vegetation surveys of nearly 27 miles of the Shasta River and Lake

Shastina;

Light intensity measurements at 14 Shasta River sites;

Stream bottom sediment characterization at 20 Shasta River sites;

Riparian vegetation classification of 27 miles of the Shasta River;

Flow measurements at 9 Shasta River locations;

Stable isotope sample measurements from 21 Shasta River sites; and

Text books and scientific literature.

Results of the 2002 and 2003 data collection efforts are reported in NCRWQCB (2004)
and Flint and others (2005), which are included as Electronic Appendices C. (Shasta
River Water Quality Conditions, 2002 and 2003) and D, (Water-Quality Data from 2002
to 2003 and Analysis of Data Gaps for Development of Total Maximum Daily Loads in
the Lower Klamath River Basin, California). Data collected in 2004 are reported in
NCRWQCB and University of California Davis, Aquatic Ecosystems Analysis
Laboratory [UCD AEAL] (NCRWQCB and UCD AEAL 2005), which is included as
Appendix A of this report.

4.3 Processes Affecting Dissolved Oxygen Concentrations in the Shasta River
Watershed

Of the eight processes outlined in Section 4.1.1 Regional Water Board staff have
identified four primary processes affecting dissolved oxygen concentrations in the Shasta
River watershed. Human activities affect, or have a potential to affect, each of these
processes, as discussed in Section 4.4. The four processes are:

e Sediment oxygen demand;

e Nitrification;

e Photosynthesis of aquatic plants; and
e Respiration of aquatic plants.

The effects of each of these processes on Shasta River watershed dissolved oxygen
conditions are presented in the following sections. The roles of the other four processes
on Shasta River watershed dissolved oxygen conditions are summarized below.

Though the data are limited, BODs concentrations (a measure of carbonaceous
deoxygenation in the water column) in the Shasta River indicate that carbonaceous
oxygen demand exerted in the water column is only a minor component of the total
oxygen demand in the Shasta River. BODs concentrations in the Shasta River range from
1.0 to 15.0 mg/L, with an average of 2.1 mg/L. For comparison, biochemical oxygen
demand concentrations in the Klamath River near the outlet of hyper-eutrophic Upper
Klamath Lake range from approximately 5 to 25 mg/L. Also for comparison, a typical
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biochemical oxygen demand concentration of untreated domestic sewage in the United
States is 220 mg/L (Chapra 1997, p. 358).

There is insufficient data to determine the extent to which nitrogenous deoxygenation
(the conversion of organic nitrogen to ammonia) affects dissolved oxygen concentrations
in the Shasta River watershed. The oxygen consumption associated with this conversion
is minor compared with that of nitrification the conversion of ammonia to nitrite and
nitrate, which is significant in the Shasta River watershed and is discussed in Section
4.3.2.

Reaeration plays a key role affecting dissolved oxygen concentrations in the Shasta
River. The water quality model used in the development of the dissolved oxygen TMDL
accounts for reaeration and is outlined in Chapters 5 and 7.

There is insufficient data to determine whether methanotrophy contributes to oxygen
consumption in the Shasta River. Methane has not been measured in the Shasta River;
however, Regional Water Board staff never detected odors associated with methane
production in the river or at the outlet of Lake Shastina in the Main Canal. If
methanotrophy does occur in the Shasta River, its contribution to oxygen demand would
likely be accounted for in the sediment oxygen demand measurements.

4.3.1 Sediment Oxygen Demand

Sediment oxygen demand (SOD) rates in the Shasta River are relatively high, indicating a
system with organic material that is decomposing within the sediment at a moderate rate
(Flint et al. 2005, p. 38). SOD is the rate of dissolved oxygen loss from a waterbody
through uptake and consumption of oxygen by biotic or abiotic reactions in surficial
sediments. In most systems, such oxygen consumption is dominated by microbially-
mediated decomposition processes. In other words, organic materials in the waterbody’s
sediments rot and decompose; that process requires oxygen, which is supplied from the
overlying water. SOD can be an important part of the stream’s dissolved oxygen budget,
particularly in rivers with an abundance of sedimentary organic material. This
sedimentary organic material may have been deposited in the channel from various
sources, including bank erosion and settleable solids from irrigation return flows, as well
as an accumulation of plant and algal detritus.

In August 2003, the U.S. Geological Survey measured SOD rates at six locations in two
reaches of the Shasta River (Flint et al. 2005). The measurement sites were chosen
because they are located in a reach of the river with measured low dissolved oxygen
concentrations and observed accumulation of fine sediment and aquatic plant detritus.
Other considerations for site selection included access, type of stream substrate, and the
amount of macrophyte (aquatic plant) growth. Procedures for measuring SOD rates in
the Shasta River and results are discussed in detail by Flint and othersl. (2005). The
measured SODzo1 rates in the Shasta River range from 0.1 to 2.3 g/mz—d with a median of
1.5 g/m*-d 2. A SODy rate of 1 to 2 g/m*-d indicates a system with organic material that

1'SOD, rate is the SOD corrected to a temperature of 20°C.

? g/m’-d is grams per square meter per day.
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is decomposing at a moderate rate. A moderate SOD rate indicates that the decomposing
organic material is neither extremely labile nor extremely refractory (Flint et al. 2005).
Labile organic material is readily decomposed, while refractory organic material is more
resistant to decomposition. According to Flint and coworkers (2005) the amount of
dissolved oxygen that can be consumed by SOD over the course of a day is a function of
stream depth and is calculated as the SOD rate in g/m>-d divided by the stream depth in
meters. Assuming an average depth of 1 meter, and applying the median Shasta River
SOD rate of 1.5 g/m?-d, then 1.5 mg O, is consumed per liter of water by SOD over the
course of 1 day, representing a significant component of the total oxygen demand in the
Shasta River. During summer months, the depth of flow in the Shasta River varies from
approximately 0.1 to 1 meter in most reaches, with depths up to 3 meters in some
impounded areas.

4.3.2 Nitrification

Nitrogenous deoxygenation involves the conversion of organic nitrogen to ammonia and
the subsequent oxidation of ammonia. Nitrification is the oxidation of ammonia to nitrate
represented by equation 4.2 in the two-step process presented below:

NH; +1.50,>NO, + H,O+2H" (Eq. 4.1)
NO; + 0.5 0, > NO5” (Eq. 4.2)

Stoichiometrically, 3.43 and 1.14 grams of oxygen are required to transform each gram of
ammonia nitrogen to nitrite nitrogen (Eq. 4.1) and nitrite nitrogen to nitrate nitrogen (Eq.
4.2), respectively. The total amount of oxidizable nitrogen is equal to the sum of organic-
and ammonia-nitrogen, and is measured as Total Kjeldahl Nitrogen (TKN). The
oxidation of organic- and ammonia-nitrogen consumes 4.57 grams of oxygen per gram of
TKN. For water quality monitoring purposes, nitrogenous deoxygenation is estimated as
4.57 * the ambient TKN concentration (Chapra 1997, p. 424). For example, if the TKN
concentration in a river is 1.0 mg/L, then 4.57 mg/L of dissolved oxygen is consumed
when the organic- and ammonia-nitrogen are oxidized. If dissolved oxygen is available it
will oxidize available ammonia nitrogen and nitrite nitrogen.

From 1993 through 2003, TKN concentrations in the Shasta River ranged from 0.1 to 4.0
mg/L, with an average of 0.50 mg/L (see Table 2.8 in Chapter 2). At this average TKN
concentration, approximately 2.3 mg/L of oxygen would be consumed. This 2.3 mg/L of
oxygen consumption occurs spread over an unknown period that is likely at least five
days long, thus representing only a moderate component of the total oxygen demand
exerted in the Shasta River.

4.3.3 Photosynthesis and Respiration of Aquatic Plants

During summer months (generally June through August), dissolved oxygen
concentrations in the Shasta River follow a distinct diurnal pattern, with high
concentrations (near or above saturation) during daylight hours and lower concentrations
(near or below saturation) during nighttime hours. This dissolved oxygen signal is
typical of productive river systems experiencing high photosynthesis and respiration rates
of aquatic plants. Based on measured data, one of the most extreme examples of this
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diurnal pattern is exhibited in the Shasta River at Highway 3 between June and
September 2003 (Figure 4.2).

13
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Figure 4.2: Daily measured dissolved oxygen concentration ranges versus calculated dissolved
oxygen saturation concentrations, Shasta River at Highway 3, June through September 2003

Figure 4.2 shows the daily range of measured dissolved oxygen concentrations and 100-
percent saturation concentrations in the Shasta River at Highway 3. The saturation
dissolved oxygen concentration is calculated based upon water temperature, salinity, and
atmospheric pressure. As shown in Figure 4.2 dissolved oxygen concentrations can move
above (termed supersaturation) and below (under-saturation) 100-percent saturation
values. Supersaturated conditions occur when the oxygen-generating factors (i.e.
reaeration and photosynthesis) exceed the oxygen-consuming factors (i.e. carbonaceous
and nitrogenous oxygen demand, SOD, and respiration). Conversely, under-saturated
conditions occur when the oxygen-consuming factors exceed the oxygen-generating
factors. USGS has reported cases of supersaturated conditions in Oregon water bodies
attributed to aquatic plant growth persisting for several days or more, with saturations as
high as 250 percent (Flint et al. 2005, p. 60).

Generally, during summer months, Shasta River dissolved oxygen concentrations are
above the Basin Plan objective of 7.0 mg/L during daylight hours, and fall below 7.0
mg/L during nighttime and early morning hours of the day. Figure 4.3 presents the range
of hourly dissolved oxygen concentrations during summer months in Shasta River
reaches. This pattern is typical of productive river systems with prolific aquatic plant
growth. Photosynthesis by aquatic plants occurs in sunlight and generates oxygen.

Staff Report for the Action Plan for the Shasta River Watershed Dissolved Oxygen Source
Dissolved Oxygen and Temperature Total Maximum Daily Loads and Linkage Analysis
4--6 -




R A 4
sIsA[euy a3eyul] pue
901n0S UASAX() PIAJOSSI(

speoT A[re wnwixeA (210 ], aamerodwo |, pue uaSAx() PoA[oSSIQ
PAYSIIE AN JOARY BISBYS Y} 10] UB[d UONOY Y} 10] 110day JJels

Y00Z-7661 1quaidog y3noIy) AeJA ‘SOUOBAI JIOATY BISEUS Wo)SsUIe ‘SsoFuel UOIBIUIIUO0D UIFAXO PIAJOSSIP A[INOH "€ 9INS1

...m.oo Hes b wxm.ma Hes b ".z M..b [T ....,M_.b Hea b .T M..b He b .T.m_.bn,..r. .T T_.m_.b M .T,Mco.u,:;. .T T_mo.U He b .TM{_U.U,::. .T
Lo T b e o = il e ! ma Nt syl ] ¥ i) : S hales i e fr ; i) PR : ._ﬂr_ i e e e
REhohnRShshs RELSALRSEahln RSLSALRSEohn RELHSAhLRShaks RoSbohLRShohn
e D B R e R I Sl T s T e Bar= B = = g IR T T P M= M= R M= S I e s s e s B B = B S e (e B~ e Bre B R I T T S
e = S Sl o S Sl o vl o ol o R i o s o Sl T S e S o v o) o =
SERSERSRSSRSERAS ARRSSRARRASARRSE ARERRRRERARERRR ARRRSRSRRRARRR RRRRRRRERRRRS
H Il Il “ “ 1 ! Il ] “ “ “ “ 1 Il Il Il [ “ ! ] ! Il “ Il ] “ Il Il D_UQ
£+ M %6
S8 T 8T
“_“ =
£ I Bl Sehiets
o
-y
= o
] :
7 i B i %I O
o s
< @
@ Q
W A B et &
* Q
< 7]
Q
m £r F L m
—_ o
3 2
5 | R
By V=)
=
ar weL
anyoalgo) uvp g usvg =
angnn (g Bviany i)
7 | || A
% saqoe (0 (J 40 am..:awm. L] e
7/8ui gz mopaq sSwpvas g do o] | L
Ic 1
I peomadpg ® uorsi201p (119 AI0DN] VISPYS 1T APVLL) HOSIIPUY - 88 gogn
Aiony vIsvifs - Py o7 3svg - II-V vy dig vpouaLn anSvauoeyy - 097 fivmydg




Respiration by aquatic plants is constant, and consumes oxygen. During daylight hours
when photosynthetic rates exceed respiration and SOD rates, there is a net increase in
dissolved oxygen in the water column. During nighttime hours when aquatic plants do
not photosynthesize, there is a net decrease in dissolved oxygen in the water column.
Figures 4.2 and 4.3 demonstrate the dramatic effect of photosynthesis and respiration by
aquatic plants on Shasta River dissolved oxygen concentrations. Section 4.3.3.1
summarizes the aquatic vegetation conditions in the Shasta River and Lake Shastina and
establishes a link between aquatic vegetation productivity and measured dissolved
oxygen conditions. Section 4.3.3.2 evaluates the factors that affect aquatic vegetation
productivity in the Shasta River and Lake Shastina. Section 4.4 then identifies the
sources (or factors) that affect photosynthetic and respiration rates of aquatic plants,
sediment oxygen demand rates, and nitrification in the Shasta River and Lake Shastina.

4.3.3.1 Aquatic Vegetation Conditions of the Shasta River and Lake Shastina

High aquatic plant biomass can result in severe diurnal swings in dissolved oxygen.
(USEPA 2000, p.5). In order to better understand the role of Shasta River aquatic
vegetation on dissolved oxygen concentrations, Regional Water Board staff conducted a
survey of the aquatic vegetation of the Shasta River in the summer of 2004, with
technical assistance from UC Davis Aquatic Ecosystems Analysis Laboratory (UCD
AEAL). The purpose of the aquatic vegetation survey was to characterize the spatial
distribution, composition, and biomass of aquatic plants in the Shasta River and Lake
Shastina. The methods and results of the aquatic vegetation survey are described in
Appendix A.

The aquatic vegetation survey was conducted in the riverine reach from the mouth of the
Shasta River to Dwinnell Dam and at two open water locations in Lake Shastina. Due to
access limitations, the survey was conducted on 26.9 miles of the 40.6-mile reach from
the mouth to Dwinnell Dam (two thirds of the river length from Dwinnell Dam to the
mouth).

The types of aquatic plants in the Shasta River and Lake Shastina include: (1) benthic
algae, called periphyton, which generally grow attached to rocks, gravel, and other plants;
(2) vascular plants (primarily rooted), called macrophytes; and (3) suspended algae,
called phytoplankton. The survey identified a total of 95 different species of aquatic
plants in the Shasta River and Lake Shastina, including 75 total algal species (47 species
present in the river samples and 35 species present in the Lake Shastina samples) and 20
macrophyte species.

The aquatic vegetation survey included several measures of abundance -- percent cover (a
visual estimation performed in the riverine reaches dominated by macrophytes), density
(measured as number of periphyton cells/cm® and number of phytoplankton cells/mL ),
ash free dry weight (AFDW), and chlorophyll a and pheophytin a concentrations for
periphyton and phytoplankton.

The assemblage, distribution, and quantity of aquatic plants in the Shasta River are
variable and complex. Generally, rooted macrophytes dominate the assemblage of
aquatic vegetation in much of the Shasta Valley, where the river is typically slow-
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moving, meandering, and generally depositional. In the higher gradient reaches, most
notably the canyon, periphyton is the dominant aquatic vegetation type. Due to the
varying water depth in Lake Shastina, rooted macrophytes are uncommon in the shallow,
near-shore zones of the lake, however the lake contains many species of phytoplankton.

Macrophytes

The rooted macrophytes of the Shasta River include two primary morphological groups:
(1) emergent reeds, sedges, and rushes, which grow rooted in the shallow zones of the
river at the banks, and (2) emergent and submerged broad-leaved plants, which grow in
shallow as well as deep (up to approximately 10 feet) zones of the river. The dominant
macrophyte species” in the river include Potamogeton spp., Scirpus spp., and Elodea
canadensis. Elodea canadensis and Scirpus spp. prefer a peat channel substrate over a
silt, clay, or sand substrate; Potamogeton spp. prefer a silt substrate over clay, sand, or
gravel/pebble. Each of these dominant macrophyte species prefers a “no perceptible
flow” type (see Appendix A). Free-floating macrophytes, primarily Lemna minor, also
occur in the deeper, impounded reaches of the river.

The percent cover of macrophytes ranged from 5 to 95%, with nearly 42 percent of the
river surveyed having 50% or higher total macrophytes cover. The biomass of the
macrophyte-dominated reaches ranged from 8 to 309 milligrams per square centimeter
(mg/cm?), with an average of 76 mg/cm®.

A review of the literature did not find specific macrophyte density or biomass values that
are indicative of water quality conditions. However, USEPA (2000, p. 35) reports that
excess macrophytes biomass, like that found at many locations on the Shasta River, can
produce large diurnal fluctuations in dissolved oxygen. In addition, excessive
macrophyte abundance can represent a nuisance to water recreation (Welch 1992, p.
200). On the other hand, macrophytes can provide important habitat for fish and
macroinvertebrates, a benefit that must be balanced with the effects on dissolved oxygen.

Periphyton

The dominant periphyton species” in the river include Cocconeis placentula and C.
pediculus, Epithemia sorex, and Rhoicosphenia curvata. These diatoms are common in
flowing environments and prefer water that is both alkaline and eutrophic (Carpenter
2003, p.100; Fore and Grafe 2002). C. placentula prefers higher water temperatures
(DeNicola 1996). E. sorex is often found in waters with an elevated nutrient content
(Eilers 2005) and is favored in nitrogen limited water due to its ability to fix atmospheric
nitrogen (Borchardt 1996; Carpenter 2003, p.100).

The biomass (AFDW) of the periphyton-dominated communities in the Shasta ranged
from 2.0 to 19.1 mg/cm?, with an average of 5.9 mg/cm®. Periphyton chlorophyll a and
pheophytin a concentrations ranged from 29.5 to 271.5 milligrams per square meter
(mg/m?) and from 22.5 to 227.4 mg/m’, respectively. Average periphyton chlorophyll a

3 In this context, dominance is attributed to those macrophyte species that have the greatest percentage of
cover within the river reaches surveyed.

* In this context, dominance is attributed to those periphyton species that have the greatest percentage of
cell density (#/cm?”) with respect to the total periphyton community cell density.
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and pheophytin a concentrations were 153.5 and 80.7 mg/m? respectively. Note that

units of measurement for chlorophyll a and pheophytin a differ from those for AFDW
biomass (mg/m” and mg/cm?, respectively).

USEPA (2000, p.31) finds that benthic chlorophyll a values for unenriched, light-limited,
or scour-dominated stream systems are typically much less than 50 mg/m”. Most of the
chlorophyll a values for the Shasta River are above this value for “unenriched streams.”

The average of periphyton chlorophyll-a samples for the Shasta River exceeds 150

mg/m?, which is described as the level indicative of highly enriched sites according to
Lohman and others 1992 (as cited by Tetratech 2005).

Literature values for “nuisance” levels of benthic algae chlorophyll a range from 100 to
200 mg/m2 (Dodds et al. 1998; Dodds and Welch 2000; Sosiak 2002; USEPA 2000 as
cited by Tetratech 2005; Welch et al. 1988). The average value of benthic chlorophyll a

in the Shasta is over 150 mg/m?, which USEPA (2000, p.102) considers a generally
agreed upon criterion to prevent nuisance conditions and impacts to aesthetic values.

Dodds and others (1998) created a classification system for stream trophic state based on
frequency distributions of chlorophyll-a, total nitrogen, and total phosphorous data from
200 streams in North America and New Zealand. Table 4.1 presents their findings for

classification of trophic status based on benthic chlorophyll a levels. Based on this
classification scheme, the measured Shasta River benthic chlorophyll a values reflect

eutrophic conditions.

Table 4.1: Boundaries for Trophic Classification of Streams

Oligotrophic-mesotrophic Mesotrophic- Sample
Parameter . .
boundary eutrophic boundary size
Mean benthic chlorophyll-a (mg/m?) 20 70 286
Maximum benthic chlorophyll-a (mg/m°) 60 200 176

Source: Modified from Dodds et al. 1998

Phytoplankton

The dominant phytoplankton species’ in Lake Shastina include Anabaena flos-aquae,
Rhodomonas minuta, and Tetraedron minimum. Anabaena flos-aquae is a blue green

algae, also called cyanobacteria, that is widespread in eutrophic lakes. Like many blue

green algae, it can produce toxins that can be harmful to humans, livestock, and pets.

Tetraedron minimum is a green algae that grows in mesotrophic or eutrophic
environments, and is not commonly found in lakes, while Rhodomonas minuta occurs in
a wide range of habitats including lakes (Sweet 2004).

The biomass of phytoplankton in Lake Shastina ranged from 33.4 to 66.4 mg/L, with an

average of 52.5 mg/L. Phytoplankton chlorophyll a and pheophytin a concentrations

ranged from 5.5 to 46.7 micrograms per liter (ug/L) and from 0.9 to 21.8 ug/L,
respectively. Average phytoplankton chlorophyll a and pheophytin a concentrations were
27.15 and 6.1 ug/L, respectively. Literature values which associate chlorophyll levels in

> In this context, dominance is attributed to those phytoplankton species that have the greatest percentage of
cell density (#/mL) with respect to the total phytoplankton community cell density.
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lakes and reservoirs to trophic status are presented in Table 4.2. Measured chlorophyll a
concentrations in Lake Shastina are within the mesotrophic to hypereutrophic
classification ranges, with the majority of the values within the eutrophic-hypereutrophic
classification range, and the average value indicating eutrophic conditions.

Table 4.2: Boundaries for Trophic Classification of Lakes and Reservoirs

. . . . Hyper-
Parameter Oligotrophic Mesotrophic Eutrophic cutrophic Source

Carlson (1977), Olem and

Chlorophyll-a (ug/L) <4 4-10 10-25 >25 Flock (1990, p.80-84)

Chlorophyll-a peak .

(ug/L) <2 2-9 >9 - Vignola and Deas (2005)

Forsberg and Ryding
Tot Chlorophyll (ug/L) <3 3-9 9-40 >40 (1980, as cited by Florida

Lake Watch Undated)

Note: Authors cited used different chlorophyll measures

Summary

The aquatic vegetation survey documented the abundance of aquatic vegetation in the
Shasta River and Lake Shastina. The Shasta River falls within the eutrophic boundary
classification, and Lake Shastina falls within the eutrophic to hyper-eutrophic boundary
classification. The abundance of aquatic vegetation in the Shasta River and Lake
Shastina means the photosynthetic and respiration activity of the vegetation has a
significant effect on the diurnal fluctuation of dissolved oxygen concentrations. In
addition, when the aquatic vegetation dies and is decomposed an oxygen demand is
exerted via carbonaceous deoxygenation.

4.3.3.2 Factors Affecting Aquatic Vegetation Productivity in the Shasta River

The primary factors that can limit aquatic vegetation productivity include light
availability, nutrient concentrations, channel substrate composition, flow, current
velocity, and temperature. This section provides a brief review of the literature with
respect to these limiting factors and summarizes Shasta River conditions. Biggs (2000)
provides a comprehensive review of the factors affecting periphyton growth.

Stream Temperature

Higher stream temperatures tend to enhance aquatic vegetation growth and may increase
photosynthesis and respiration, resulting in greater variation in diurnal dissolved oxygen
concentrations (USEPA 2000, p. 35). The maximum growth rate of aquatic vegetation
occurs at a corresponding optimal stream temperature. Maximum growth rates of benthic
algae often correspond with reference temperatures of 20°C (USEPA 1985, p. 293).
During summer months when dissolved oxygen concentrations reach critical levels in the
Shasta River, stream temperatures regularly exceed 20°C and do not limit aquatic

vegetation growth.

Flow and Current Velocity

Current velocity is an important factor controlling aquatic vegetation assemblage.
Generally, macrophytes are more adapted to slow moving river systems, while
periphyton can withstand higher current velocities. As discussed in Section 4.3.3.1,
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macrophytes dominate the assemblage of aquatic vegetation in much of the Shasta
Valley, where the river is characterized by slow velocity. In the higher gradient and
faster velocity reaches, periphyton are dominant.

Under high current velocities, the frictional shear stress created on a periphyton mat can
scour the attached algae from the substratum (Horner and Welch 1981, as cited by Welch
1992, p. 245). High current velocity can also scour rooted macrophytes. Local observers
have noted that the amount of aquatic vegetation washed from the Shasta River in the fall
increases when flows increase at the conclusion of the irrigation season. Removal of
aquatic vegetation via scour decreases photosynthetic oxygen gain and respiratory
oxygen loss to the water. In addition, when a scour-event washes the vegetative material
out of the Shasta system, there may be a decrease in the oxygen demand exerted on the
Shasta River, and consequently there may be an increased oxygen demand on the
Klamath River.

Dwinnell Dam (located at River Mile 40.6) impounds the Shasta River, capturing all flow
originating in the headwaters, as well as Parks Creek flow diverted to Lake Shastina,
thereby storing water from wet periods for use in dry periods. Only in above-normal
rainfall years has Lake Shastina over-topped its spillway during the winter months. Since
1956, the reservoir has reached its capacity of 50,000 acre-feet on approximately 10
occasions or an average of twice in every ten-year period (Vignola and Deas 2005). The
modification of Shasta River flows, and particularly the reduction in peak flow rates
caused by the dam and diversions, both limit scour of the riverbed. The implication is
that fine sediments and aquatic vegetation are not scoured from the channel as much as
they would be if the dam were not in place. Consequently, fine sediments and aquatic
vegetation build-up in the system. This build-up of organic material contributes a
significant oxygen demand on the river. One local resident observed that aquatic
vegetation densities were greatly reduced for several years following relatively high
rainfall in the winter 1997/1998.

Substrate Composition

Periphyton prefer cobble or gravel substrates, whereas rooted macrophytes prefer finer
substrates, such as peat, silt, sand, or clay. As mentioned in Section 4.3.3.1, most of the
macrophyte species found in the Shasta River prefer peat or silt substrates. As part of the
aquatic vegetation survey, Regional Water Board and UC Davis staff made visual
estimates of channel substrate composition (Appendix A). Shasta River substrate
composition is variable. Gravel, sand, and fines predominate. The percentage of fines is
greatest in the meandering, slow moving reaches of the river.

Macrophyte abundance tends to be the greatest in those reaches with the highest
percentage of fine sediments. Regional Water Board staff also observed that submerged
and emergent macrophytes trap fine sediment and organic material, thereby contributing
to the sediment oxygen demand of the river, as well as enhancing the suitability of the
substrate conditions for macrophyte establishment and proliferation. This sediment
trapping capacity of macrophytes is also reported by Welch (1992, p. 200).
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Light

Aquatic plants require light to grow. Light limitation can be an important control on
diurnal dissolved oxygen swings in enriched rivers (USEPA 2000, p. 35). The growth
rate of algae is a function of light as well as temperature and nutrient concentrations.
Most models predict algal growth rates, or rates of photosynthesis, according to
saturation-type relationships in which the growth rate increases linearly with light at low
intensities but gradually levels off at high intensities to reach a maximum value at
saturated light intensity (USEPA 1985, p. 311).

Light availability to aquatic plants in rivers is controlled by riparian canopy as well as
water depth and clarity. Riparian canopy serves to block or filter incoming light.
Reductions in riparian canopy therefore increase the availability of light and, conversely,
increases in riparian canopy decrease light availability.

Submerged macrophytes are adapted to high light intensities. For example,
photosynthetic rates (measured as '*C assimilation) of Elodea canadensis (one of the
dominant species in the Shasta River) were optimum between 75 and 100% of full
sunlight (Hartman and Brown 1967, as cited by Welch 1992, p. 202). Further, incidence
of nuisance growths of macrophytes in an Alabama reservoir corresponded with years of
high mean daily incident light and low rainfall (less runoff and thus less turbidity) during
the spring growth period (Peltier and Welch 1970, as cited by Welch 1992, p. 204).

Periphyton also respond to light availability. The species composition of periphyton can
vary depending on light availability. One study found that light-adapted species had a
slightly higher rate of photosynthesis at high light intensities, compared with shade-
adapted species grown in artificial streams (MclIntire and Phinney 1965, as cited by
Welch 1992, p. 242). Further, the periphyton community grown in the lighted stream
reached a saturated biomass level in two-thirds the time of the periphyton growing in the
shaded stream.

A study of headwater streams in southwestern British Columbia found that the mean
solar flux to stream reaches with no riparian buffer (i.e. clear-cut) was 58 times greater
than the solar flux to uncut (i.e. control) riparian buffer stream reaches (Kiftney et al.
2003). Further, Kiffney et al. (2003) concluded that light was the primary constraint on
accrual of periphyton biomass, with periphyton ash free dry mass in the clear-cut
treatment reaches exceeding that of the control reaches by six times during the summer.

While riparian vegetation conditions are variable in the Shasta River watershed, there are
many reaches with little or no riparian cover (see Section 1.4.7.1). Further, topographic
shade is minimal to non-existent in the Shasta Valley, though it is more prominent in the
Shasta canyon. Given these conditions, much of the Shasta River and its tributaries are
exposed to ample light, which promotes prolific growths of aquatic vegetation.

Nutrient Concentrations

Aquatic vegetation requires nutrients to grow. Nuisance levels of periphyton and
macrophytes can develop rapidly in response to nutrient enrichment when other factors
such as light, temperature, substrate, etc. are not limiting (USEPA 2000, p. 4). Nitrogen
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and phosphorus are the primary macro-nutrients that enrich freshwater aquatic systems.
Ammonia (NH4"), nitrate (NO5"), and ortho-phosphate (PO, are the soluble fractions of
nitrogen and phosphorus and are the forms directly available to aquatic plants.

The role of nutrients in aquatic ecosystems is complex, and is confounded by other
factors such as light availability, flow, and temperature. Similar nutrient concentrations
may not cause similar environmental responses (such as aquatic vegetation productivity
and dissolved oxygen concentrations) because of the non-nutrient factors. Despite this
complexity, studies have developed quantitative relationships between nutrient
concentrations and mean or maximum chlorophyll levels in periphyton (for a review see
Tetra Tech 2005). These correlations tend to be waterbody-specific, and there is a lot of
variability between waterbodies.

Rooted macrophytes assimilate nutrients from both the sediments and water column,
though the dominant assimilation pathways are not well described for different species.
Welch (1992, p. 198-208) states that rooted submerged macrophytes (the predominant
type in the Shasta River) depend largely on the sediments for their nutrients. Tetra Tech
(2005) notes that attempts to predict macrophytes’ response to water column nutrient
concentrations are fraught with difficulties, and that analysis of these effects must be
done on a site-specific basis or using surrogate variables such as periphytic algae
biomass.

Section 2.5 provides an overview of nutrient conditions in the Shasta River watershed as
they compare to USEPA national and ecoregional criteria. Total phosphorus and total
nitrogen concentrations of the Shasta River and its tributaries are biostimulatory and
promote aquatic growth, reflecting nutrient overenrichment from anthropogenic sources.
In Lake Shastina, total phosphorus and total nitrogen concentrations are biostimulatory,
generally falling within eutrophic to hypereutrophic classification boundaries.

The concentrations of total phosphorus in the headwaters of the Shasta River (originating
as snow melt from Mount Eddy) are generally below biostimulatory levels. However,
total phosphorus and total nitrogen concentrations of springs and spring-fed streams are
quite high and biostimulatory.

4.4 Anthropogenic Effects on Shasta River Dissolved Oxygen Conditions

Section 4.3 identified that sediment oxygen demand, nitrification, and photosynthesis and
respiration of aquatic vegetation are the primary processes affecting dissolved oxygen
concentrations in the Shasta River. In addition, Section 4.3.3.2 demonstrated that the
conditions of light availability, nutrient concentrations, channel substrate composition,
flow, current velocity, and stream temperature in the Shasta River and Lake Shastina
sustain prolific growth of aquatic plants. This section identifies the anthropogenic
sources or factors that promote aquatic plant growth (and thereby promote photosynthetic
production and respiratory consumption of dissolved oxygen), increase sediment oxygen
demand rates, and/or increase nitrification in the Shasta River watershed. In Chapter 7,
the effect of these sources on dissolved oxygen concentrations in the Shasta River is
quantified.
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Regional Water Board staff identified five anthropogenic sources or factors affecting
dissolved oxygen conditions of the Shasta River, including:
e Tailwater return flow,
City of Yreka non point and wastewater infiltration sources,
Lake Shastina and minor impoundments,
Riparian shade, and
Flow.

4.4.1 Tailwater Return Flow Quality

In this document “tailwater return flow” is defined as surface runoff of irrigation water to
a surface water body, and is synonymous with “irrigation return flow.” The quality of
tailwater return flows in the Shasta River watershed has not been well documented. In
the summer of 2003, Regional Water Board staff collected a total of 16 water samples
from 13 locations with tailwater return flows to the Shasta River. Summary statistics are
presented in Table 4.3. For comparison, average Shasta River concentrations are also
shown in Table 4.3. The tailwater samples were collected from 13 locations in the
watershed, and primarily included flow in ditches as opposed to sheet flow across a field.

Table 4.3: Summary of Shasta River tailwater return flow quality, and average water quality of the Shasta
River below Dwinnell Dam

Location | Statistic | OTM® | poggp | Ammonia | NO2NO3 | o\ | pop. | Tss | TOC
P as N as N
Minimum | 0.03 0.03 0.03 0.03 03 | 15 5 | 05
Maximum | 0.79 | 0.88 0.65 0.52 39 | 70 | 140 | 24
Tailwater | Average | 0.20 | 0.26 0.10 0.10 1.2 | 27 | 168 | 8.2
Median | 018 | 025 0.06 0.08 09 | 20 | 5 | 51
Count 16 16 5 15 5 | 11 6 | 16
Shasta River' | Average | 0.14 | 0.19 0.025 0.087 0.50 | 15 | 5.0 | 43

Notes: Units for all parameters are mg/L.
1. Shasta River data is a compilation of all Shasta River locations monitored downstream of Dwinnell Dam.

Despite the limited tailwater measurements, several important conclusions can be made
about tailwater return flow quality in comparison to the average water quality of the
Shasta River:

e Tailwater return flows contribute to the oxygen demand exerted on the Shasta River.
The average TKN concentration of tailwater return flows is over two times that of the
average Shasta River concentration during the irrigation season (1.2 and 0.5 mg/L,
respectively). In other words, tailwater return flows contribute significantly to the
overall nitrogenous oxygen demand of the Shasta River.

e Ammonia and nitrate (NO3") are the forms of nitrogen directly available to aquatic
plants. Average ammonia concentrations of tailwater return flows are four times that
of the average Shasta River concentrations during the irrigation season. This
contribution of ammonia to the Shasta River stimulates the growth of aquatic plants,
representing a significant contribution to the total oxygen demand by increasing
respiration.

e The average BODs concentration of tailwater return flows is nearly two times higher
than that of the average Shasta River concentration (2.7 and 1.5 mg/L, respectively).
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e The carbonaceous oxygen demand associated with tailwater return flows contributes
to the overall carbonaceous oxygen demand of the Shasta River and tributaries, both
in the water column and in the stream sediments.

e Total suspended solids (TSS) and total organic carbon (TOC) concentrations can
provide some input into potential carbonaceous oxygen demand not measured as
BODs. The average TSS concentration of tailwater return flows is over three times
that of the average Shasta River concentration (16.8 and 5.0 mg/L, respectively).
Similarly, the average TOC concentration of tailwater return flows is approximately
twice that of the average Shasta River concentration (8.2 and 4.3 mg/L, respectively).
These results indicate tailwater return flows may contribute to the carbonaceous
oxygen demand of the Shasta River.

Tailwater return flows are common in the Shasta River watershed. As mentioned in
Section 1.4.9, due to the appropriated water rights in the watershed, irrigation return
flows to the Shasta River are used to meet downstream water rights. There is no formal
system to measure the rates of tailwater return flows within the watershed. Therefore, it
is not possible to calculate exact pollutant loads associated with tailwater return flows.

In the course of conducting the 2004 aquatic vegetation survey, Regional Water Board
staff observed numerous discharges of tailwater returns flows to the Shasta River from
ditches draining from pasture and fields. Regional Water Board staff estimate the flow
rates of observed return flows ranged from 0.5 to 5 cubic feet per second (cfs).
Typically, there were deltas of settleable solids and fine sediment at these discharge
locations. Regional Water Board staff observed that disruption of some of these
accumulations of settled materials caused a distinct hydrogen sulfide (i.e., rotten egg)
smell. In the absence of dissolved oxygen and nitrates, sulfates serve as a source of
oxygen for biochemical oxidation by anaerobic bacteria. While not definitive, this
observation indicates that the settled material near tailwater discharge locations contains
organic material that undergoes decomposition by aerobic and anaerobic bacteria,
contributing to oxygen loss from the water column.

4.4.2 City of Yreka Non Point and Wastewater Infiltration Sources

Yreka Creek flows north through the City of Yreka (Figure 1.4) and enters the Shasta
River just above the Shasta canyon. Water quality monitoring of Yreka Creek has been
conducted at four primary locations by the City of Yreka, with supplemental sampling by
the California Department of Water Resources and NCRWQCB. From upstream to
downstream these Yreka Creek monitoring locations are: (1) Oberlin Road, located on
the south end of the city, (2) Highway 3, located on the north end of the city, (3) Nursery
Bridge, located downstream of the City of Yreka wastewater treatment and disposal
facility, and (4) Anderson Grade Road, located near the mouth of Yreka Creek. These
monitoring locations were chosen in order to assess the water quality trends as the river
passed through the city and passed by the wastewater treatment and disposal facility. A
summary of water quality conditions of Yreka Creek at these locations is presented in
Table 4.4.

Staff Report for the Action Plan for the Shasta River Watershed Dissolved Oxygen Source
Dissolved Oxygen and Temperature Total Maximum Daily Loads and Linkage Analysis
4-- 16 -



Table 4.4: Yreka Creek water quality summary

Metric Location Ortho P | Totalp | AMmonia | NO2tNO3 | NO3 | rpei | gop, | TOC | TSS
as N as N as N
Oberlin Road 0.025 0.005 0.025 0.098 - 0.1 - 2.4 0.5
Minimum Highway 3 0.01 0.02 0.02 0.62 0.18 0.1 1.5 0.1 5
Nursery Bridge 0.01 0.02 0.025 0.96 0.08 0.1 - 0.4 -
Anderson Grade Rd. 0.02 0.02 0.025 0.86 0.31 0.1 1.5 0.3 0.5
Oberlin Road 0.025 0.062 0.076 0.170 - 0.2 - 10 7
Maximum Highway 3 0.03 0.63 0.77 1.23 1.25 0.3 1.5 33.8 5
Nursery Bridge 1.17 4.25 4.28 1.48 4.73 0.7 - 36.1 -
Anderson Grade Rd. 1.22 1.7 0.76 1.6 4.02 0.75 1.5 25.7 10
Oberlin Road NA 0.022 0.031 0.126 NA 0.18 NA 5.5 1.7
Average Highway 3 0.02 0.107 0.11 0.91 0.70 0.2 NA 4.46 NA
Nursery Bridge 0.14 0.54 0.621 NA 1.19 0.3 NA 4.53 NA
Anderson Grade Rd. 0.21 0.47 0.105 1.11 1.65 0.3 NA 3.7 2.1
Oberlin Road NA 0.02 0.025 0.11 NA 0.2 NA 4.1 0.5
Median Highway 3 0.02 0.059 0.05 0.895 0.70 0.2 NA 1.2 NA
Nursery Bridge 0.08 0.2 0.25 NA 1.04 0.2 NA 1.6 NA
Anderson Grade Rd. 0.15 0.23 0.06 0.87 1.49 0.3 NA 1.7 1
Oberlin Road 2 15 8 3 0 5 0 3 12
n Highway 3 21 66 66 4 62 21 1 21 2
Nursery Bridge 19 63 63 2 61 19 0 19 0
Anderson Grade Rd. 27 63 55 3 45 27 1 28 19

Units for all parameters are mg/L.

Non Detect (ND) data were calculated as ' the reporting limit.

NA = Not Applicable. Averages and medians cannot be calculated if n < 2.

n = number of samples

Data from 1999 to 2005, collected by Regional Water Board, CDWR, and City of Yreka.

In 2000, the population of the City of Yreka was 7290 (Section 1.4.2). The City is
characteristic of a small city, with land use dominated by urban single-family residential
housing surrounding mixed commercial businesses. Monitoring has not been conducted
in sufficient detail to determine the extent of non-point source pollution of Yreka Creek
originating within the City. Water quality monitoring studies in other semi-urban cities,
however, have revealed nutrients, pathogens, sediment, oil and grease, and total
petroleum hydrocarbons in runoff.

The City of Yreka owns and operates wastewater collection and treatment and disposal
facilities for the City’s municipal wastewater, located north of the city. The wastewater
treatment and disposal facility consists of secondary treatment by activated sludge,
clarification, aerobic sludge digestion, chlorine disinfection, and subsurface disposal via
drip irrigation to a 31-acre field. The disposal field is located adjacent to Yreka Creek,
within a few feet of the creek elevation. The wastewater treatment facility is operated by
the City under the terms of current waste discharge requirements (Order No. R1-2003-
0047) issued by the Regional Water Board.

Cattle grazing occurs downstream of the wastewater treatment and disposal facility. In
addition, the community of Hawkinsville is located downstream of the facility and is all
on individual septic systems. These land uses contribute an unknown amount of
pollutants to Yreka Creek.

Staff Report for the Action Plan for the Shasta River Watershed
Dissolved Oxygen and Temperature Total Maximum Daily Loads

Dissolved Oxygen Source
and Linkage Analysis
4--17 -




Though the water quality data set at Oberlin Road (Table 4.4) is small, a comparison of
water quality conditions in Yreka Creek at Oberlin Road versus conditions at Highway 3
can be made to assess non-point source contributions to Yreka Creek from within the
City. This comparison suggests that runoff from the City may increase the total
phosphorus, ammonia, and nitrite/nitrate.

A comparison of water quality conditions in Yreka Creek at Highway 3 versus conditions
at the Nursery Bridge and Anderson Grade Road can be made to assess pollutant
contributions to Yreka Creek from the City’s wastewater collection, treatment, and
disposal facilities. The average ammonia nitrogen and TKN concentrations increase by
approximately 0.5 and 0.1 mg/L, respectively, from Highway 3 to the Nursery Bridge
(equating to an increase in nitrogenous oxygen demand of approximately 0.46 mg/L).

Average total phosphorus and ortho-phosphate concentrations increase approximately 0.4
and 0.1 mg/L from Highway 3 to the Nursery Bridge, respectively. Ortho-phosphate
concentrations increase another 0.1 mg/L approximately from the Nursery Bridge to
Anderson Grade Road.

Based on these data, Regional Water Board staff identified the City of Yreka as a
contributing source to the nutrient load and nitrogenous oxygen demand in Yreka Creek.
The data indicate that the City’s wastewater collection, treatment and disposal facilities
are the primary source of both phosphorus and nitrogen loading to Yreka Creek.

4.4.3 Lake Shastina and Minor Impoundments

As discussed in Section 2.4.4, Lake Shastina regularly stratifies and becomes anoxic
(near to complete absence of dissolved oxygen) in the hypolimnion (bottom layer).
Nowhere else on the Shasta River has this been observed. Therefore, the presence of
Dwinnell Dam and the creation of the reservoir promotes the stratification of the
reservoir and the resulting low dissolved oxygen concentrations within the hypolimnion.

A comparison of available dissolved oxygen concentrations in the Shasta River above
and below Lake Shastina shows that concentrations are consistently lower at the
downstream location during summer months (Figure 4.4). The lower dissolved oxygen
concentration in the Shasta River below Lake Shastina results primarily due to the fact
that the outflow from Dwinnell Dam is discharged near the bottom of the reservoir,
where anoxia is persistent in summer months. In addition, the downstream monitoring
location is approximately 1.2 miles downstream of Dwinnell Dam; a reach of the river
that has relatively dense riparian cover. Based on the relatively high percentage of fines
and organic matter present in the channel substrate within this reach, it may have high
SOD rates, which likely contribute to the measured low dissolved oxygen concentrations.

In addition to affecting dissolved oxygen levels in the Shasta River below Dwinnell Dam,
Lake Shastina appears to affect dissolved oxygen concentrations in Hidden Valley
Spring, which is located downstream of the dam. Dissolved oxygen levels were
measured in six select springs located in the Shasta River watershed in 2003 in order to
assess the nutrient contributions from springs in the watershed, and to measure physical
properties of the river including dissolved oxygen. Measured dissolved oxygen
concentrations were at or near saturation levels (8.0 — 13.0 mg/L for all but one of these
springs). Hidden Valley Spring (located near Big Springs Road approximately 1.5 miles
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down-gradient of Dwinnell Dam and approximately 1000 feet from the Shasta River) had
measured dissolved oxygen concentrations ranging from 1.34 to 8.38 mg/L, with an
average concentration of 3.19 mg/L. Measured dissolved oxygen levels at the other
springs ranged from 8.16 to 13.09 mg/L.
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Figure 4.4: Dissolved oxygen concentrations of Lake Shastina and Shasta River, October 2000 — April
2002

Flow rates from Hidden Valley Spring vary seasonally, apparently in relation to the water
surface elevation of Lake Shastina. Dwinnell Dam is leaky. Water can be heard and seen
flowing from the toe of the dam. Based on available records, Lake Shastina loses from
6500 to 42,000 acre-feet annually to seepage and evaporation, with the variation largely a
function of storage (Vignola and Deas 2005). Periods with more storage tend to have
larger seepage losses. Given the leakiness of the dam and the change in flows from
Hidden Valley Spring in relation to the storage level of the reservoir, it is likely that the
spring is hydrologically connected to Lake Shastina, and that Lake Shastina is the source
of low dissolved oxygen concentrations of the spring.

A comparison of the available Lake Shastina inflow and outflow water quality data
indicates that annually, the lake may serve as a sink for phosphorus, and a source for
nitrogen (Table 4.5). Average annual outflow concentrations of ortho-phosphate and
total phosphorus are lower than average annual inflow concentrations, indicating that
phosphorus is being retained in the sediments on the bottom of the reservoir.

Average annual outflow concentrations of ammonia, nitrite plus nitrate, and TKN, on the
other hand, are all higher than average annual inflow concentrations. A comparison of
summertime data shows that average summer outflow concentrations of ammonia, nitrite
plus nitrate, and TKN are all higher than average inflow concentrations, while average
outflow orthophosphate concentrations are slightly lower than average inflow
concentrations (Table 4.6). This observed increase in nitrogen concentrations
downstream
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of Lake Shastina likely stimulates the growth of aquatic plants, which in turn contributes
to oxygen demand by increasing respiration. These observed nutrient dynamics do not

appear to be maintained during winter months (Table 4.7).

Table 4.5: Comparison of Year-Round Lake Shastina Inflow and Outflow Data

Dissolved Total Dissolved Dissolved
Metric Location | Ammonia | Ammonia NO2+NO3 TKN Total P
Ortho P
as N as N as N
Minimum Inflow 0.005 0.02 0.005 0.16 0.005 0.02
Outflow 0.005 0.025 0.005 0.25 0.005 0.025
Maximum Inflow 0.02 0.09 0.31 0.32 0.14 0.75
Outflow 0.02 0.2 3.07 1.2 0.11 0.43
Inflow 0.008 0.032 0.091 0.215 0.048 0.11
Average
Outflow 0.008 0.054 0.182 0.563 0.032 0.108
Medi Inflow 0.005 0.025 0.05 0.2 0.04 0.08
edian
Outflow 0.005 0.025 0.025 0.6 0.03 0.07
Count Inflow 14 24 32 6 32 39
Outflow 46 24 64 40 64 68
Non Detect (ND) data were calculated as half the reporting limit.
Information is from 2000-2003.
Table 4.6: Comparison of Summer (June-September) Lake Shastina Inflow and Outflow Data
Dissolved Total Dissolved Dissolved
Metric Location | Ammonia | Ammonia NO2+NO3 TKN Total P
Ortho P
as N as N as N
Minimum Inflow - 0.02 0.025 0.16 0.04 0.07
Outflow - 0.025 0.025 0.25 0.02 0.025
Maximum Inflow - 0.09 0.08 0.32 0.08 0.75
Outflow - 0.2 0.24 0.6 0.11 0.39
Average Inflow - 0.035 0.035 0.288 0.059 0.176
Outflow - 0.088 0.125 0.46 0.053 0.175
Median Inflow - 0.025 0.025 0.215 0.06 0.1
Outflow - 0.065 0.118 0.53 0.04 0.2
Count Inflow - 9 8 4 8 11
Outflow - 10 8 3 8 11
Non Detect (ND) data were calculated as half the reporting limit.
Information is from 2001-2003.
Table 4.7: Comparison of Winter (October-May) Lake Shastina Inflow and Outflow Data
Dissolved Total Dissolved Dissolved
Metric Location | Ammonia | Ammonia NO2+NO3 TKN Total P
Ortho P
as N as N as N
Minimum Inflow 0.005 0.025 0.005 0.18 0.005 0.02
Outflow 0.005 0.025 0.005 0.3 0.005 0.025
Maximum Inflow 0.02 0.076 0.31 0.2 0.140 0.32
Outflow 0.02 0.09 3.07 1.2 0.08 0.430
Average Inflow 0.008 0.031 0.109 NA 0.044 0.084
Outflow 0.008 0.030 0.203 0.571 0.03 0.095
Median Inflow 0.005 0.025 0.1 NA 0.035 0.06
Outflow 0.005 0.025 0.025 0.6 0.03 0.07
Count Inflow 14 15 24 2 24 28
Outflow 45 13 52 37 53 57

Non Detect (ND) data were calculated as half the reporting limit.
Information is from 2000-2003.
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The regular occurrence of algal blooms in Lake Shastina during summer months indicates
that nutrient levels are biostimulatory. Anabaena flos aquae was a dominant species
present in phytoplankton samples collected in Lake Shastina in July 2004. Many
cyanobacteria (or blue-green algae) are capable of sequestering atmospheric nitrogen.
The presence of Anabaena flos aquae, a cyanobacteria, indicates that this nitrogen input
pathway may occur in the reservoir.

As observed in section 4.3.3.2, the presence of Dwinnell Dam reduces scouring peak
flows, thereby enhancing the accumulation of organic matter and fine sediments in the
river. These materials are the preferred substrates for rooted aquatic macrophytes, so this
effect expands the area of suitable habitat for macrophytes, and contributes to the
respiratory oxygen demand of the river.

As discussed in Section 3.3.6, there are several small impoundments on the Shasta River
— often termed “flashboard” dams — that are used to raise the water level in the river to
provide for diversion (either direct or pumping) for agricultural use. These small
impoundments increase the hydraulic residence time and promote change in water quality
conditions. Based on results of the 2004 aquatic vegetation survey (Appendix A),
macrophyte densities are highest in slow moving, depositional reaches of the Shasta
River. By increasing the residence time of the river, impoundments promote settling of
particulate material. The minor impoundments on the Shasta River are all relatively
shallow (mean depths less than 10 feet). Limited depth provides an opportunity for light
to reach the bottom of the waterbody, thereby allowing rooted macrophytes to colonize
much of the impounded area.

To our knowledge, no dissolved oxygen measurements have been made at sub-daily time
steps at locations immediately behind a flashboard dam on the Shasta River. However,
dissolved oxygen concentrations were measured hourly during summer months in 2002,
2003, and 2004 at Highway 3, located approximately 2000 feet upstream of a flashboard
dam. Based on the channel morphology and flow characteristics, this location appears to
be influenced by the downstream impoundment. Dissolved oxygen levels at this location
include the lowest and highest concentrations measured in the river. These dissolved
oxygen conditions are likely the result of macrophyte productivity and SOD rates in this
reach of the river. Macrophyte density in this reach is among the highest observed in the
river, and measured SOD rates in this reach were the highest measured in 2003. In
addition, this reach had among the highest percentage of fine sediments observed in
2004. These conditions demonstrate the potential effect of small impoundments on
dissolved oxygen conditions of the Shasta River.

4.4.4 Riparian Shade

As discussed in Section 4.3.3.2, aquatic plant productivity is highest under increasing
light availability. Therefore, theory suggests that aquatic productivity would be less in
shaded reaches compared with unshaded reaches, and thus dissolved oxygen fluctuations
would be less in shaded compared with unshaded reaches. Regional Water Board staff
observed that aquatic vegetation abundance is lower in shaded reaches of the river, and
that dissolved oxygen fluctuations appear to be greatest (i.e. higher highs and lower lows)
in reaches with abundant aquatic vegetation growth.
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4.4.5 Flow

Theoretically, flow could affect dissolved oxygen in several ways. First, oxygen is added
to a river by reaeration. Factors affecting reaeration rates include current velocity and
turbulence, water column depth, temperature, and surface films. Current velocity is
positively correlated with flow. Therefore, theory suggests that reaeration rates are
higher under higher flows. During summer months Shasta River flows are decreased due
to surface water diversions. Therefore, it appears that decreased flows in the Shasta
River contribute to lower dissolved oxygen concentrations, at least locally. Second, flow
affects the depth of water in the channel. Water causes light to scatter, and the amount of
photosynthetically active range of light decreases with depth. Therefore, there is less
light available to aquatic plants under higher flows, resulting in less fluctuation of
dissolved oxygen concentrations caused by photosynthesis and respiration. Third, flow
can affect dissolved oxygen through its effects on water temperature. Larger volumes of
water have a higher thermal mass and are more resistant to heating and cooling. If a large
volume of water is cold it can travel downstream and retain its low temperature. As
described in section 4.1.1, colder water can hold more dissolved oxygen. Through this
mechanism, flow can affect dissolved oxygen.
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CHAPTER 5. ANALYTICAL APPROACH AND METHODS

5.1 Introduction

Chapters 3 and 4 identify the sources and factors affecting stream temperature and
dissolved oxygen concentrations in the Shasta River watershed. This chapter outlines the
analytical methods used to quantify the TMDL load allocations attributed to these
sources.

The Section 303(d) listings for the Shasta River address the entire Shasta River
watershed. The analysis focuses on the mainstem of the Shasta River from Dwinnell
Dam to the mouth for the following reasons:

e Dissolved oxygen and temperature impairments are well documented for the
mainstem (see Chapter 2), and thus are more suitable for detailed analysis.

e Sources contributing to the impairments affect both the mainstem and the
tributaries.

e The mainstem analysis is based on models that describe processes affecting the
listed constituents. The general conclusions reached in the mainstem analysis will
apply to other similar locations in the watershed.

e For temperature conditions in tributaries, detailed analysis in other similar
landscapes has identified riparian shade as a key factor influencing stream
temperatures, which can be influenced by human activities. Because this general
conclusion is applicable to the Shasta watershed, separate temperature analysis
was not performed on tributaries.

e Actions addressing temperature and dissolved oxygen apply to the mainstem and
tributaries, and thus water quality improvements predicted for the mainstem can
be expected in tributaries as well.

In short, actions that lead to water quality compliance in the portion of the mainstem
analyzed are also expected to lead to water quality compliance in other parts of the
mainstem and in the tributaries.

5.2 Analytic Approach and Model Selection

The analytical approach used to quantify allocations to the sources and factors affecting
stream temperature and dissolved oxygen concentrations in the Shasta River relies on the
use of computer simulation models. The processes that determine stream temperature
and dissolved oxygen concentrations are inherently complex and non-linear. The degree
to which one factor can impact stream temperature or dissolved oxygen concentration is
dependent on the state of numerous other factors involved. For example, as outlined in
Chapters 3, the temperature of the Shasta River is dependent on the interacting effects of
the headwater temperature regime, surface water diversions, shade, and the temperature
and quantity of tailwater return flows and tributary inflows. Further, as outlined in
Chapter 4, dissolved oxygen concentrations of the Shasta River depend on water
temperature, photosynthetic and respiration rates of aquatic vegetation, sediment oxygen
demand rates, consumption of oxygen via nitrification and biochemical oxygen demand,
and flow. Many computer simulation water quality models have been developed to
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depict stream temperature and dissolved oxygen conditions and dynamics. However, not
all water quality models are suited for evaluating the particular factors that affect
temperature and dissolved oxygen in the Shasta River watershed.

Regional Water Board staff selected the Tennessee Valley Authority’s River Modeling
System (RMS) as the primary analytical tool for developing the Shasta River temperature
and dissolved oxygen TMDLs. In addition, a benthic algae box model was employed to
evaluate the connection between nutrient concentrations and potential primary production
in the Shasta River; a process not included in the RMS model. The components of the
benthic algae box model are presented in Section 5.7.

The following text on model selection for the Shasta River TMDL is from the Technical
Memorandum: TVA River Modeling System: ADYN and RQUAL-RMS Model
Specifications and Background dated August 17, 2005 (Deas 2005¢). This document is
included as Appendix C and contains further discussion of the models considered for use
in developing the Shasta River TMDLs.

After a review of the models available in the public domain, the Tennessee
Valley Authority’s (TVA) River Modeling System (RMS), a one-
dimensional hydrodynamic and water quality model, was chosen to model
the Shasta River. This model was chosen for several reasons, including,
but not limited to the fact that it is readily available in the public domain,
has been widely applied to both temperature and dissolved oxygen
assessments, contains detailed shading logic, allows for modeling at an
hourly time step, is well documented, and is supported by TVA. Further,
the model was already implemented, configured, and calibrated for flow
and temperature on the Shasta River system. The primary modification
was the addition of the necessary water quality modeling components
applied to represent dissolved oxygen conditions for TMDL assessment.

Appendix D (Shasta River Flow, Temperature, and Dissolved Oxygen Model Calibration
Technical Report) provides a detailed summary of the RMS model set up and calibration
for the Shasta River TMDLs. This chapter provides a summary of the components and
application of the model, with reference to applicable sections in Appendix D.

As identified above, the Shasta River TMDL modeling effort built upon previous flow
and temperature modeling of the Shasta River conducted by Watercourse Engineering for
the Shasta Valley RCD. Reports on these previous modeling efforts include Deas et al.
(2003) and Watercourse Engineering, Inc. (2004). Characterization of riparian vegetation
conditions was based in part on Deas et al. (1997).

5.3 River Modeling System - Model Components
RMS has two components that may be used independently or in sequence: the

hydrodynamic model (ADYN) and the water quality model (RQUAL). These model
components are discussed below.
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5.3.1 The Hydrodynamic Component: ADYN

ADYN is a one-dimensional hydrodynamic model. The following text regarding ADYN
is taken from Shasta River Temperature and Flow Modeling Project (Deas et al. 2003),
which is included as Electronic Appendix E. and utilizes information from the RMS
User’s Manual (Hauser 1995 as cited by Deas et al. 2003).

ADYN solves the one-dimensional unsteady flow equations for
conservation of mass and momentum using either a four-point implicit
finite difference scheme with weighted spatial derivatives or a
McCormack explicit scheme. The four-point implicit finite difference
scheme was chosen for this application because the irregularity of the
channel geometry rendered the explicit scheme inadequate. ADYN can
model interactions with dynamic tributaries at channel junctions, multiple
tributary systems with multiple internal boundary conditions along each
system, and the effects of distributed or point lateral inflows. For this
application the Shasta River will be modeled as one continuous reach with
several distributed dynamic lateral inflows.

5.3.2 The Water Quality Component: RQUAL
The following text regarding RQUAL is adapted from Deas et al. (2003) and describes
RQUAL for the current model application.

RQUAL uses the geometry, velocities and depths from the hydrodynamic model in the
calculation of water quality variables. RQUAL can be used to study several water quality
parameters. This application employs the temperature and dissolved oxygen modeling
capabilities. RQUAL offers three options of numerical schemes used to solve the one-
dimensional transport equation: a four-point-implicit finite difference scheme with
weighted spatial derivatives, a McCormack explicit scheme, or a Holly-Preissman
scheme. Preliminary model testing found negligible difference in results between the
four-point-implicit and Holly-Preissman schemes when applied to the Shasta River. The
four-point-implicit scheme was chosen for use in this application. In the coding of
RQUAL, dispersion is neglected because the model was designed for application in high
flow and turbulent river systems where transport is the dominant factor. Numerical
dispersion serves to account for the lack of an explicit dispersion term (Hauser, pers.
comm. 1995 as cited by Deas et al. 2003).

The heat budget (discussed in Section 5.3.2.1 below) used in RQUAL includes logic for
bed heat exchange and riparian shading. Existing shading logic was not entirely
sufficient to represent the dynamics of the Shasta River, so modifications were made.
These modifications are discussed in Section 2.3 of Deas et al. (2003) and are identified
in Section 5.5.2 below. In addition, a specific piece of shading logic that lowers dry bulb
temperature in shade was not implemented.

It should be noted that RQUAL does not model shading by large-scale topographic
features (e.g. hills, canyons, etc.). If this type of shading is considered to have a
significant effect on water temperature, then modifications would be made to the model
to account for it. For the Shasta River, the only potential for topographic shading of this
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type occurs in the canyon between the Mouth and RM 7. For this modeling effort the
effect of topographic shading was not considered.

5321

The Temperature Component of RQUAL - Heat Budget

The following discussion regarding RQUAL Heat Budget formulation is from Deas et al.

(2003).

Temperature models fall into two general classes: empirical models
relating observations of stream temperature to stream properties (such as
discharge, channel geometry, and streamside vegetation characteristics)
and/or meteorological conditions, and models that represent the physical
processes of heat exchange by means of the energy (or heat) budget.
Although simple and generally convenient to use, empirical models are
limited to assessing conditions within the range of data used to construct
the relationship and do not provide detailed information about the effects
of certain factors on stream temperature. These factors may include
variations in discharge; changes in the location, size, and extent of
vegetative cover; cumulative effects of upstream disturbances in riparian
areas; and stream orientation effects on incoming solar radiation (La
Marche, et al., 1997). Brown (1969) noted that one of the most effective
process-based techniques for predicting river temperatures and
temperature changes is the heat budget approach. The water quality
component of the TVA model (RQUAL) uses the heat budget approach
that quantifies pertinent factors by formulations based on physical
processes.

The heat budget approach quantifies the net exchange of heat at the air-
water interface. TVA has extended the approach to also include heat
exchange at the water-bed interface. This net change may be expressed as
the sum of the major sources and sinks of thermal energy or the sum of the
heat fluxes.

TV A Heat Budget Formulation

— Qr.'s + Qm: +Qben’ _Qb _Qe _Qf
=n D

where:

Qn = the net heat flux (representing the rate of heat released from or added
to storage in a particular volume) (kcal/m’-s)

Qns = net solar (short-wave) radiation flux adjusted for shade (kcal/m?-s)
Qna = net atmospheric (long-wave) radiation flux (kcal/m*-s)

Qvued = net flux of heat at the water- channel bed interface (kcal/mz-s)

Qb = net flux of back (long-wave) radiation from water surface (kcal/m*-s)
Q. = evaporative (latent or convective) heat flux (kcal/m*-s)

Q. = conductive (sensible) heat flux (kcal/m>-s)

D = mean depth (m)
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For detailed discussion of each of the heat budget components, the reader is referred to
Section 2.2.1 through 2.3.3 of Deas et al. (2003). Deas et al. (2003) is included as
Electronic Appendix E. (Shasta River Flow and Temperature Modeling Project) of this
report.

5.3.2.2 The Dissolved Oxygen Component of RQUAL

The RQUAL model simulates dissolved oxygen conditions in response to biochemical
oxygen demand (BOD), nitrogenous biochemical oxygen demand (NBOD), sediment
oxygen demand (SOD), mechanical reaeration, and photosynthesis and respiration of
aquatic vegetation growing on or in the bed (as periphyton or macrophytes).

The following discussion regarding RQUAL dissolved oxygen formulation is from
Geisler and Watercourse Engineering, Inc. (2005), which is included as Appendix D of
this report.

Dissolved oxygen, carbonaceous biochemical oxygen demand (CBOD), and nitrogenous
biochemical oxygen demand (NBOD) are represented in the RQUAL model. The time
varying representation of dissolved oxygen is:

$[00/8t] = K5(05-0)-KyL-K,N+(P-R-S)/D

Where

t =time (s)

O =dissolved oxygen concentration (mg/L)

O, = saturation dissolved oxygen concentration (mg/l) (based on elevation and
water temperature (See TVA, 2001))

K, = reaeration rate based on one of several methods (see TVA, 2001),
temperature corrected (1/s)

K4 = CBOD deoxygenation rate, temperature corrected (1/s)

L =CBOD concentration (mg/L)

K, = NBOD deoxygenation rate, temperature corrected (1/s)

N =NBOD concentration (mg/L)

P = Photosynthetic rate of macrophytes (gO,/m’-s)

R = Respiration rate of macrophytes (gO,/m’-s)

S = Sediment oxygen demand (gO»/m>-s)

D =mean depth (m)

CBOD and NBOD are both represented as first order decay:
Y[oL/ot] = -(Kgt+K)/L

and
2[ON/ot] = -K,\N
Where
Ks = CBOD settling rate (no oxygen demand exerted) (1/s)

and t, L, N, Ky, K, are as defined previously.
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Note that the units of time represented in the above equation may differ from the model’s
required input values. For example, although all temporal units identified above are
represented in seconds, model input decay rates are 1/day.

5.4 RMS Model Set Up and Boundary Conditions

The sections in the remainder of this chapter primarily serve as a road map referencing
sections in Appendix D (Geisler and Watercourse Engineering, Inc. 2005). The
following section addresses the model input parameter values and boundary conditions
selected for model calibration and validation.

5.4.1 Hydrodynamics

Section 3.0 in Appendix D describes the update of the ADYN geometry input file, which
included extending the model from the confluence at Parks Creek upstream to Dwinnell
Dam, as well as updating the hydrographic representation of the Shasta River to reflect
the most current spatial information.

Section 4.0 in Appendix D describes the water balance calculation for the updated
geometry of the river. In addition, hydrodynamic input locations and types are identified.

Representation of stream flows and calibration procedures are discussed in Deas and
Geisler (2004), which is included as Appendix E (Memorandum: Shasta River flow and
temperature modeling implementation, testing, and calibration) of this report.

5.4.2 Temperature

Section 5.1.1 in Appendix D presents the temperature trace associated with the headwater
condition, point inputs, and distributed inputs for the calibrated/validated model. Section
5.3 in Appendix D presents the pertinent model input parameter names, description,
value, and notes regarding the rationale for value selection.

5.4.3 Dissolved Oxygen

Section 5.1.2 in Appendix D presents the dissolved oxygen trace associated with the
headwater condition, point inputs, and distributed inputs for the calibrated/validated
model. In addition, the CBOD and NBOD boundary conditions used for model
calibration/validation are identified. Section 5.3 in Appendix D presents the pertinent
model input parameter names, description, value, and notes regarding the rationale for
value selection. SOD rates and macrophytic photosynthetic and respiration rates are
included.

5.5 RMS Model Calibration and Validation

Section 1.1 in Appendix D identifies the calibration and two validation time periods
selected.

5.5.1 Flow
The principal parameter adjusted for flow calibration was Manning’s roughness
coefficient, n. Section 6.1 in Appendix D presents the simulated versus measured flow
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for several locations along the Shasta River for the calibration and validation periods.
Statistics for the final calibrated flow model are also tabulated. Daily trends are well
represented; however, sub-daily deviations are apparent. Because the water balance was
completed on a reach level at a daily time scale, it does not represent intra-reach
diversions and return flows, and does not capture intra-day variations in diversions and
return flows. As a result, modeled sub-daily flows show deviations from observed sub-
daily flows.

5.5.2 Temperature

Water temperature calibration consisted primarily of modifying the evaporative heat flux
coefficients, AA (m’/mb-s) and BB (m*/mb), for the equation y = AA + BB*wind. The
thermal diffusivity of bed material, K (cm?/hr), was also modified, but ultimately set to
the default value. Section 6.2 in Appendix D presents the process of calibration for
stream temperature, and presents the simulated versus measured temperature for several
locations along the Shasta River for the calibration and validation periods. Statistics of
the calibration and validation runs are also tabulated. Modeled temperatures in the upper
reaches and valley reaches match up well with the measured phase and amplitude of the
daily temperature trace. Simulated values at the mouth are generally under-predicted,
particularly for the daily minimum, and may lag in phase slightly.

5.5.3 Dissolved Oxygen

Section 6.3 in Appendix D discusses the dissolved oxygen calibration process and
presents the calibration and validation results. Simulated dissolved oxygen
concentrations generally matched measured values well, capturing the amplitude and
phasing of the dissolved oxygen signal.

5.6 RMS Sensitivity Analysis

Section 7.0 in Appendix D discusses the parameters for which sensitivity analyses were
performed. The statistics associated with each of the sensitivity analyses are presented in
Section 9.0 in Appendix D.

With respect to dissolved oxygen, CBOD, and NBOD decay rates were largely
insensitive (meaning they had little effect on model outputs), as was the SOD rate.
The driving factor for dissolved oxygen was maximum photosynthetic and
respiration rate. These values were adjusted during calibration to fit the model to
measured data. Reaeration rate, a calculated term within the model, played a
pivotal role, particularly in the steep canyon reach where mechanical reaeration
would be expected to occur.

5.7 Benthic Algae Box Model

The water quality component of RMS does not simulate the effect of nutrient
concentrations on aquatic vegetation primary productivity. Therefore, in addition to
applying the RMS model for developing the Shasta River TMDLs, an algae box model
was applied in order to evaluate the connection between nutrient concentrations and
primary production (photosynthesis and respiration of aquatic vegetation) in the Shasta
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River. The Shasta River Benthic Algae Box Model (algae model) was applied by Deas
(2005b) as reported in Appendix F (Technical Memorandum: Shasta River Algae Box
Model).

5.7.1 Algae Model Components

The algae model predicts Shasta River aquatic vegetation, termed “periphyton” by Deas
(2005b), biomass based on limiting factors such as light and nutrients, as well as on
respiration and mortality rates. Scouring and shading were also included. The algae
model is a simplification of the dynamics of the Shasta River, but nonetheless provides
valuable insights into the response of periphyton biomass to nutrient concentrations in a
river like the Shasta.

The mass balance equation for iteration of the Shasta River Benthic Algae Model is
presented below:

Poy=P+ At[(ﬂmaxLF ~R,-D, -2, -2 J (Eq4.3)

Where:

At = change in time (d)

P, = benthic algae biomass (mg/m?) at current time step

P = benthic algae biomass (mg/mz) at next time step

Hinax = maximum algal growth rate (1/d)

LF = limiting factor (unitless)

Ry = algal respiration rate (1/d)

Dy, = algal predatory and non-predatory mortality (1/d)

Zy = algal grazing mortality (1/d)

S = scouring factor (unitless)

% = water velocity (m/d)

d = water depth (m)

Both minimum and maximum algal biomass values were employed to represent the
restrictions of the physical world for algae growth that are not represented by the
respiration, mortality, grazing rates or scour factor. Therefore, if Equation 4.3 produced
an amount of algae that was either larger than the set maximum or smaller than the set
minimum, the model substituted the maximum or minimum, respectively. The algae
model application and nutrient sensitivity analysis results are presented in Section 7.2.
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CHAPTER 6. TEMPERATURE TMDL

6.1 Introduction

This chapter presents the temperature TMDL for the Shasta River. The analytical
approach in developing the temperature TMDL involved application of the RMS model
of the Shasta River to determine a suite of conditions that result in water quality
standards attainment under critical conditions. Regional Water Board staff developed a
“water quality compliance” model scenario that characterizes Shasta River watershed
conditions that reflects “natural receiving water temperatures” and result in water quality
standards attainment.

6.2 Water Quality Compliance Scenario Conditions

The process used to develop the water quality compliance scenario involved separately
evaluating the components identified in the temperature source and linkage analysis
(Chapter 3) that affect Shasta River stream temperature. The components that were
evaluated include riparian shade, tailwater return flow temperatures, the temperature
regime of key tributaries, and flow.

The water quality compliance scenario for temperature represents baseline conditions
with the following key modifications:

1. Increased riparian shade to represent site potential riparian conditions on a river-
reach scale;

2. Modified temperature regime of tailwater return flows such that the return flows
do not cause heating of the receiving water;

3. Modified temperature regime of key tributaries to reflect site potential shade
conditions and elimination of receiving water heating by tailwater return flows;
and

4. Increased Shasta River flows.

These modifications are presented below.

6.2.1 Shade

The objective of the shade modifications was to characterize riparian shade conditions
that reflect site potential shade conditions. As outlined in Section 3.6 of Appendix D
(Geisler and Watercourse Engineering, Inc 2005), riparian vegetation shading is
represented in RMS by solar radiation transmittance. Solar radiation transmittance is
defined as the amount of solar radiation that passes through the tree canopy and reaches
the water surface. A value of 1.0 represents no shade and is equal to a percent
transmittance of 100%, while a value of 0.0 would represent complete shade and is equal
to a percent transmittance of 0%.

Regional Water Board staff developed depictions of site potential percent transmittance
values by river reach based on available information about Shasta River riparian
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conditions. The information used in depicting site potential riparian shade conditions
included:

e The Shasta River Woody Riparian Vegetation Inventory conducted by UC Davis
for the Shasta Valley RCD (Deas et al. 1997);

e Riparian vegetation surveys and solar radiation measurements within the riparian
corridor of the Shasta River conducted by Watercourse Engineering, Inc. in
support of the Shasta River Flow and Temperature Modeling Project developed
for the Shasta Valley RCD (Deas et al. 2003; Watercourse Engineering, Inc. 2004,
Table 2-8);

e Riparian vegetation density characterization by Regional Water Board and UC
Davis staff in 2004 (NCRWQCB and UCD AEAL 2005);

e Review of recent aerial photographs of the Shasta River, Big Springs Creek, and
Parks Creek riparian corridor (Watershed Sciences, LLC 2004); and

e Assessment of soil conditions within the riparian corridor of the Shasta River
based on USDA Soil Survey of Siskiyou County (USDA 1983), field
observations, and anecdotal information about Shasta River riparian corridor soil
conditions provided by local residents.

Based on this information, Regional Water Board staff defined reach-average percent
transmittance values associated with varying riparian shade conditions (Table 6.1)

Table 6.1: Reach average percent transmittance associated with varying riparian shade conditions

W?;i?;?gf;:ﬁie Riparian Condition

10 Contiguous dense woody riparian with complete overhang across channel.

30 Contiguous dense woody riparian with near-complete overhang across channel.
Or, patchy (70% of reach length) dense woody riparian with complete overhang.

50 Patchy (70% of reach length) woody riparian with near-complete overhang.
No woody riparian; near contiguous dense herbaceous (e.g. bulrush) growth.

85 Or, disperse moderately dense patches of woody riparian, mixed with patches of
herbaceous (e.g. bulrush) growth.
No woody riparian; patchy (10% or reach length) dense herbaceous

95
(e.g. bulrush) growth.

100 No riparian vegetation provides measurable shade.

Using these reach-average percent transmittance to riparian condition relationships,
Regional Water Board staff estimated pofential riparian percent transmittance values for
the Shasta River (Table 6.2). The potential riparian percent transmittance values
presented in Table 6.2 account for natural riparian disturbance such as floods, wind
throw, disease, landslides, and fire. These reach average percent transmittance values
replaced the baseline percent transmittance values in the water quality compliance
scenario. Considerations used in assigning the potential reach average percent
transmittance values to the Shasta River reaches included: existing riparian vegetation
condition, existing channel morphology, and soil conditions within the riparian corridor,
based on the information cited above.
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Table 6.2: Current and potential riparian reach-average percent transmittance values for the
Shasta River

Reach Average
Reach Upstream Downstream Percent Transmittance’
River Mile River Mile
Current TMDL

Dwinnell Dam to Riverside Road 40.6 39.9 59 30
Riverside Road to u/s of A12 39.9 28.3 76 50
U/S of A12 to near DeSoza Lane 28.3 22.0 95 85
Near DeSoza Lane to u/s of
Montague-Grenada Road 220 16.1 89 30
Near Montague-Grenada Road 16.1 14.6 90 10
D/S Montague-Grenada Road to 14.6 73 73 30
Hwy 263
Hwy 263 to mouth 7.3 0 70 to 100 30 to 50°

"Daylight-hour average percent transmittance for given reach.
? Alternate between 30 and 50% every 10 percent of reach length.

6.2.2 Tailwater Return Flows

In the RMS model, tailwater return flows are depicted as a portion of total accretion
flows within a model reach, and the model represents these accretions as distributed
flows along a length of the reach (see Section 4.0 in Appendix D). For the existing
condition (baseline) model runs, the temperatures assigned to these accretions, including
tailwater return flows, were the temperatures of the Shasta River at Anderson Grade Road
(see Section 5.1.1 of Appendix D). This decision was based on review of temperature
data from 2001 and 2002, which indicated that river temperatures were approaching
equilibrium temperature by the end of the Shasta Valley (i.e., near Anderson Grade).
This assumes that the temperature of tailwater return flows are at equilibrium with air
temperature, and the temperature time series at Anderson Grade Road was used as a
surrogate.

For the water quality compliance scenario the temperatures for tailwater return flows
were assigned the temperature of the Shasta River at the model node closest to the mid-
point of the distributed flow reach. In other words, this assumes that the temperatures of
the tailwater return flows are equal to the reach average temperature of the accretion
reach. By attributing tailwater return flow temperatures in this manner, the water balance
of the model was maintained, but the heat load from the tailwater return flows did not
cause a change in the reach average temperature of the Shasta River.

6.2.3 Tributary Temperatures

The RMS model depicts inflows from Big Springs Creek, Parks Creek, and Yreka Creek
as discrete inputs to the Shasta River. The other tributaries to the Shasta River are
accounted for as a portion of total accretion flows within the appropriate river reach. The
water quality compliance scenario involved modifying the temperature boundary
conditions associated with the inputs from Big Springs Creek and Parks Creek to account
for reductions in stream temperature that could occur given site potential riparian shade
and modified heat load from tailwater return flows within these sub-watersheds. No
change was applied to Yreka Creek stream temperature. The modifications assigned to
Big Springs Creek and Parks Creek are presented below.
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6.2.3.1 Big Springs Creek

Due to access limitations, no stream temperature data is available at the mouth of Big
Springs Creek. Section 5.1.1 of Appendix D identifies the temperature boundary
condition assigned to Big Springs Creek for the baseline condition, which average 17°C.
For the water quality compliance scenario inflow temperatures from Big Springs Creek
were set to baseline minus 4°C, for an average of 13°C.

Regional Water Board staff measured the water temperature of Big Spring proper (the
spring at the eastern end of Big Springs Lake) and at the outlet of Big Spring Lake for 3-
day periods in August and September 2003 (NCRWQCB 2004b). During these periods
water temperature at Big Spring was constant, ranging from 11.26 to 11.31°C. The water
temperature of Big Springs Lake at a depth of approximately 3 feet below water surface
near the outlet of the lake ranged from 10.49°C to 12.86°C, averaging 11.7°C.

Big Springs Creek is approximately 2.3 miles long from the outlet of Big Springs Lake to
its confluence with the Shasta River. The July 2003 thermal infrared (TIR) survey of Big
Springs Creek showed that there are four springs that flow into Big Springs Creek within
0.4 miles downstream of the outlet of Big Springs Lake (Watershed Sciences, LLC 2004
[included as Appendix B of this report]). On the date of the TIR survey (July 27, 2003)
the surface water temperature of Big Springs Creek dropped from = 17.4°C near the
outlet of Big Springs Lake to ~15.6°C downstream of these springs. Further downstream
of these springs, the surface temperature of Big Springs Creek increased 5.4°C within 1.2
miles, and then remained fairly constant for the remaining 0.7 miles before flowing into
the Shasta River at = 20.8°C. Based on these survey results, the overall rate of heating in
Big Springs Creek is approximately 2.7°C/mile, with a maximum rate of heating of
4.5°C/mile. By contrast, based on July 27, 2003 TIR survey results, the rate of heating in
the Shasta River in reaches not affected by surface water diversion was approximately
0.35°C/mile.

Aerial and TIR images of Big Springs Creek show there is no shade producing vegetation
along Big Springs Creek, and that irrigation return flows contribute to heating of the
creek. In addition aerial images show that the channel is quite wide, braided, and choked
with aquatic vegetation.

Based on the information outlined above, Regional Water Board staff estimate that if
riparian shade were at or near site potential conditions within the Big Springs Creek sub-
watershed, and tailwater return flows did not cause heating of the receiving water, the
rate of heating of Big Springs Creek could approximate 0.35°C/mile. Assuming an
average temperature of 11.7°C at the outlet from Big Springs Lake, and applying the
0.35°C/mile rate of heating to the 2.3 miles of the Creek to the mouth, the resulting
average temperature at the mouth would be approximately 12.5°C, rounded up to 13°C.
Thirteen °C is equal to the average baseline temperature of 17°C minus 4°C. Therefore,
for the water quality compliance scenario inflow temperatures from Big Springs Creek
were set to baseline minus 4°C.
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6.2.3.2 Parks Creek

Due to access limitations, stream temperature data at the mouth Parks Creek is limited.
Section 5.1.1 of Appendix D identifies the temperature boundary condition assigned to
Parks Creek for the baseline condition. For the water quality compliance scenario inflow
temperatures from Parks Creek were set to baseline minus 2°C.

Based on the July 2003 TIR survey of the Shasta River, Parks Creek adds a heat load to
the river that causes an increase in the surface temperature of the Shasta River of
approximately 2°C just downstream of the confluence of Parks Creek (see Figure 3.1 in
Chapter 3). On the day of the TIR survey the surface temperature at the mouth of Parks
Creek was 26.6°C compared with a surface water temperature of the Shasta River just
upstream of the confluence of 21.4°C (Watershed Sciences, LLC 2004).

Parks Creek is approximately 23 miles long. The headwaters flow from Mt. Eddy, and
the creek is largely fed from snowmelt. From June through September 2003 the weekly
average temperature in Parks Creek near its headwaters ranged from approximately 10°C
to 17.5°C. From its headwaters Parks Creek traverses northeast through the Shasta
Valley before entering the Shasta River. Aerial and TIR images show that the channel
has almost no shade producing vegetation throughout the lower reaches in the Shasta
Valley. In addition, the aerial and TIR images show that Parks Creek is characterized by
multiple water withdraws, surface return flows, and tributary and spring seep inflows.
On July 27, 2003, the day of the Parks Creek TIR survey, there was very little flow in
some reaches of the creek, and the temperature of the creek appeared to respond
dramatically to any mass transfers.

Based on this information it is apparent that the temperatures of Parks Creek are
significantly affected by water management practices. Regional Water Board staff
estimate that if riparian shade were at or near site potential conditions within the Parks
Creek sub-watershed, if tailwater return flows did not cause heating of the receiving
water, and if less cold water sources were diverted, the temperature regime at the mouth
of Parks Creek could be reduced by at least 2°C from baseline.

6.2.4 Flow

To evaluate the effect of flow increases on Shasta River temperatures, a number of flow
increase scenarios were applied. The simulations involved maintaining baseline
conditions (i.e., none of the modifications outlined in Sections 6.2.1, 6.2.2, and 6.2.3
were applied), while increasing baseline flows by 50% at select locations in the Shasta
River. The temperature assigned the increased flow was equal to the baseline
temperature at the corresponding river location. The volume of water associated with the
50% flow increase was maintained to the mouth of the Shasta River. The Shasta River
locations at which flows were increased by 50% included Dwinnell Dam, downstream of
Big Springs Creek confluence, Grenada Irrigation District, Highway A12, Montague
Grenada Road, and Anderson-Grade Road. The 50% flow increases were applied to
these locations one at a time in a step-wise fashion. In other words, in the first simulation
Dwinnell Dam flows were increased by 50% above baseline. In the second simulation
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