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H.1 Overview

Total maximum daily loads (TMDLS) are required to address impairments on the 303(d) list.
TMDLs for temperature impairments in the Lost and Upper Klamath subbasins were developed
(Figure H- 1 and Figure H- 2, respectively). Waters included in this analysis are identified in
Figure H- 1.
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Table H- 1. Water quality limited segments for temperature in this TMDL analysis

Subbasin Waterbody Name
Lost Antelope Creek
Lost Antelope Creek
Lost Barnes Valley Creek
Lost Ben Hall Creek
Lost Buck Creek
Lost East Branch Lost River
Lost Horse Canyon Creek*
Lost Klamath Straits Drain
Lost Lapham Creek
Lost Long Branch Creek
Lost Lost River*
Lost Lost River Diversion Channel
Lost Miller Creek
Lost North Fork Willow Creek

State of Oregon Department of Environmental Quality
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Subbasin

Waterbody Name

Lost

Rock Creek

Upper Klamath

Beaver Creek

Upper Klamath Grizzly Creek
Upper Klamath Hoxie Creek
Upper Klamath Jenny Creek

Upper Klamath

Johnson Creek

Upper Klamath

Keene Creek

Upper Klamath

Keene Creek

Upper Klamath

Klamath River

Upper Klamath

Mill Creek

Upper Klamath

South Fork Keene Creek

Upper Klamath

Spencer Creek

Upper Klamath

Jenny Creek

*Listed as Unnamed Latitude Longitude Identification (LLID)
#1212355422566; identified as Horse Canyon Creek

This appendix documents the technical information used to calculate TMDL loading capacity for
the waterbodies listed in Table H- 1. Details associated with water quality standards, source
analysis, and other TMDL components are documented in the TMDL report itself.

The technical approach for these TMDLSs varies by waterbody. In some cases, the approach
uses a water quality model, while in other cases no modeling is conducted to calculate the
loading capacity and available data or other tools are used to estimate flow. Table H- 2 identifies
the approach used to calculate the loading capacities.

For many of the tributaries to the Klamath and Lost rivers that are included in this analysis, the
technical approach does not involve modeling (Table H- 2). To obtain flow statistics and
calculate the thermal loading capacity for these ungaged streams, the United States Geological
Survey (USGS) StreamStats program was applied to estimate river flow (Section H.1.1). The
technical approaches for Spencer Creek, Klamath Straits Drain, Lost River Diversion Channel
(to the Klamath River), and the Lost River involve use of observed data and previous modeling
efforts. Whenever possible, observed data or modeling estimates were used for verification of or
comparison with temperature or flow estimates. Station locations with observed data are also
identified in Table H- 2.

Additional details associated with loading capacity calculations, allocation of the thermal loading
capacity, and calculation of excess thermal loads and evaluation of temperature exceedance
are described below. Waterbody-specific nuances are described in Section H.2.

Table H- 2. Flow Estimation approach and data availability

303(d) ID Waterbody Name Flow Estimation Method Station ID
Lost River Subbasin

24458 Antelope Creek StreamStats None

2182 Antelope Creek StreamStats None

12738 Barnes Valley Creek StreamStats None

12737 Ben Hall Creek StreamStats None

State of Oregon Department of Environmental Quality
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303(d) ID Waterbody Name Flow Estimation Method Station ID

12766 Buck Creek StreamStats None

24459 East Branch Lost River StreamStats None

2166 Horse Canyon Creek** StreamStats None

21952 Klamath Straits Drain Flow Measurements USGS 11509340

12726 Lapham Creek StreamStats None

12732 Long Branch Creek StreamStats None

24463 Lost River CE-QUAL-W2 model USGS (420025121132800,

output for flow 421010121271200,

11488495)

NA Lost River Diversion Calculated using Flow Net flow derived from

Channel Measurements measurements at Wilson

Dam, minus diversions at
Station 48 and Miller Hill

1993 Miller Creek StreamStats None

1994 North Fork Willow Creek StreamStats None

12729 Rock Creek StreamStats None

Upper Klamath River Subbasin

12872 Beaver Creek StreamStats None

2158 Grizzly Creek StreamStats None

2180 Hoxie Creek StreamStats None

2159 Johnson Creek StreamStats None

2163 Keene Creek StreamStats OWRD (11514500)***

2178 Keene Creek StreamStats None

2168 Mill Creek StreamStats None

2181 South Fork Keene Creek StreamStats None

12815 Spencer Creek Flow measurements; Heat | OWRD (11510000)

Source modeling
1984 Jenny Creek StreamStats None

*See Appendix A for details on all shading analyses and Heat Source modeling.

**Listed as Unnamed Latitude Longitude Identification (LLID) #1212355422566; identified as Horse Canyon

Creek

***Available data were collected 1984-1996, so may not be representative of more recent conditions. OWRD =
Oregon Water Resources Department; USGS = United States Geological Survey

H.1.1 StreamStats

StreamStats v4.2.1 is a web-based geographic information system (GIS) application developed

by the USGS (https://streamstats.usgs.gov/ss/). StreamStats has a map-based interface that

allows the user to determine drainage area delineations, basin characteristics, and estimates of

streamflow statistics for user-selected locations along available streams. The program also
provides users with access to stream monitoring data by selecting USGS data-collection

stations in the map application and providing access to flow statistics and other information for

the stations.

StreamStats provides estimates of various streamflow statistics for user-selected sites by

solving site-specific regression equations. The regression equations were developed through a

process, known as regionalization, which involves use of regression analysis to relate

State of Oregon Department of Environmental Quality
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streamflow statistics computed for a group of selected stream gages (usually within a state) to
basin characteristics measured for the stream gages. Basin characteristics are used to obtain
estimates of the streamflow statistics for ungaged sites.

StreamStats regression equations for Oregon were developed by Cooper (2005) and Risley et
al. (2008). The equations are based on basin characteristics and flow statistics, such as the
historical flow (5%, 10™, 25™, 50t and 95" percent exceedances) and annual and monthly 7-day,
10-year (7Q10) and 7-day, 2-year (7Q2) low flows. Flow statistics were computed at 466
streamflow-gaging stations throughout Oregon and adjacent areas of neighboring states. The
study area was divided into 10 regions based on ecological, topographic, geologic, hydrologic,
and climatic criteria. The program includes a total of 910 annual and monthly regression
equations created to estimate the seven flow statistics for ungaged stream sites in the 10
regions of Oregon.

When applying the tool, the user selects a location along a stream and StreamStats estimates
the associated drainage area. Basin characteristics are then estimated for the selected
drainage, including drainage area, mean annual precipitation, mean slope, and climactic
characteristics. Drainage areas are calculated from a polygon area with data from Global
Watershed. Mean annual precipitation and other climate characteristics are calculated using an
area-weighted mean with 800-m resolution Parameter-elevation Regressions on Independent
Slopes Model (PRISM) data from 1971-2000 (Risley et al 2008; Cooper 2005). Slope is
determined using Arcinfo Grid with National Hydrography Dataset Plus (NHDPIlus V1) 30-m
resolution elevation data.

Flow-duration regression equations primarily use drainage area and mean annual precipitation
to generate 5-, 10-, 25-, 50-, and 95-percent duration flows. When the data are available,
StreamStats will use the following parameters to calculate monthly flow-duration statistics:
average soil permeability, mean basin slope, mean annual maximum air temperature over the
basin, minimum basin slope, mean maximum January temperature, maximum elevation minus
minimum elevation, and available water capacity, calculated from the U.S. Natural Resources
Conservation Service (NRCS) State Soil Geographic (STATSGO) dataset. Ultimately,
StreamStats was applied to each water quality limited segment to estimate the expected range
of flows in the drainage. Details are described for each water quality limited segment in Section
H.2, while the overall approach is described in Section H.1.3 below.

H.1.2 TMDL Development

The temperature TMDL and loading capacity are presented in terms of a thermal load. Details
associated with the water quality standards used in the TMDL are provided in the main TMDL
document. The applicable criteria for the TMDL waterbodies are provided in

State of Oregon Department of Environmental Quality H-5
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Table H- 3. The water quality standards for temperature (OAR 340-041-0028?) are presented as
the seven-day-average daily maximum (7DADM) temperature in degrees Celsius (°C). The
water quality standards also include a human use allowance (HUA) equivalent to 0.3°C.

Details associated with TMDL development varies by waterbody. General information is
provided below that is applicable to all waterbodies, while waterbody-specific nuances are
presented in Section H.2 below.

1 https://secure.sos.state.or.us/oard/viewSingleRule.action?ruleVrsnRsn=68734

State of Oregon Department of Environmental Quality H-6
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Table H- 3. Water quality limited segments for temperature in this TMDL and their water quality criteria

Use: Applicable Criterion

303(d)
ID Waterbody Name River Mile (°C as 7DADM)
Upper Klamath Subbasin
12872 | Beaver Creek 0to55 Redband trout: 20.0
2158 Grizzly Creek Oto 3 Redband trout: 20.0
2180 Hoxie Creek 0.8to 4.4 | Redband trout: 20.0
2159 | Johnson Creek 0to9.4 Redband trout: 20.0
2163 Keene Creek Oto7.2 Redband trout: 20.0
2178 Keene Creek 7.5t09.7 | Redband trout: 20.0
2168 Mill Creek 0to 3.9 Redband trout: 20.0
2181 South Fork Keene Creek Oto3.1 Redband trout: 20.0
12815 | Spencer Creek 0to 18.9 Redband trout: 20.0
21952 | Klamath Straits Drain 0t0 9.8 Cool Water Species: Narrative
1984 Jenny Creek Oto 17.8 Redband trout: 20.0
Lost Subbasin
24458 | Antelope Creek Oto 14.1 Redband trout: 20.0
2182 Antelope Creek 2t03 Redband trout: 20.0
12738 | Barnes Valley Creek Oto 14 Redband trout: 20.0
12737 | Ben Hall Creek 0to 8.7 Redband trout: 20.0
12766 | Buck Creek 0to11.8 Redband trout: 20.0
24459 | East Branch Lost River Oto24 Redband trout: 20.0
12726 | Lapham Creek Oto4 Redband trout: 20.0
12732 | Long Branch Creek 0to 4.6 Redband trout: 20.0
24463 | Lost River 4.8t0 65.4 | Cool Water Species: Narrative
1994 North Fork Willow Creek 0to 2.3 Redband trout: 20.0
12729 | Rock Creek 0to 4.3 Redband trout: 20.0
2166 Unnamed (Horse Canyon Oto 2.2 Redband trout: 20.0
Creek)
NA Lost River Diversion Channel 0to 7.9 Cool Water Species: Narrative
to Klamath River
1993 Miller Creek 0t09.6 Redband trout: 20.0

State of Oregon Department of Environmental Quality
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H.1.3 Loading Capacity Equation

For all waterbodies, the thermal loading capacity was calculated using Equation H- 1 below. The
loading capacity values for each water quality limited segment are provided as examples in
Section H.2 below, while specific loading capacities can be calculated for any given flow
measurement using Equation H- 1.

Loading capacities were calculated for each of the 18 ungaged tributaries to the Klamath and
Lost rivers using flow estimates from StreamStats (note: Antelope Creek includes two segments
on the 303(d) list). Specifically, a range of expected flows was obtained for each tributary from
StreamStats based on the drainage area, mean annual precipitation, and other basin
characteristics. The approach used to estimate flow for Spencer Creek and the Lost River are
presented in the waterbody-specific discussions below.

A load capacity curve was developed using different flow conditions for each water quality
limited segment, which characterizes the allowable thermal load capacity for a range of
expected flows throughout the year.

Loading Capacity Equation

d F JI| T |IL'=1 5 Equation H- 1
where,
0 6= Loading Capacity (kilocalories per day).
Y = The applicable temperature criteria (°C).

"'O'YG= The 0.3°C human use allowance allocated to point sources, nonpoint sources,
margin of safety, or reserve capacity. The HUA provision does not apply for waters
designated for cool water species criterion. On these waters this portion of the
eguation can removed.

The daily average river flow rate, upstream (cubic feet per second [cfs]).

O: Cn
1

Conversion factor using cubic feet per second: (2,446,622 kcal-s/°C-ft>-day)
pa PITMAQ Y@ MMQ pQOOdE . .
- oy = ch thpc ¢
c@®p pa PQOw pQQpd

H.2 Loading Capacity Calculations

TMDL loading capacity calculations are presented below for the Lost River and Upper Klamath
River subbasin waterbodies listed inTable H- 2. Details associated with each waterbody are
included in the waterbody-specific sections.
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H.2.1 Lost Subbasin

Waters in the Lost River subbasin are identified in Table H- 1 and illustrated in Figure H- 1. As
described below, all waters in this subbasin include a StreamStats approach to calculate the
thermal loading capacity except for the Lost River.

H.2.1.1 Antelope Creek

There are two 303(d) listed segments for Antelope Creek: a 1-mile segment that was listed in
1998 (303(d) ID 2182) and a 14.1-mile segment listed in 2010 (303(d) ID 24458) (Table H- 1).
The 1-mile segment is included in the 2010 listing and are both addressed by this TMDL. The
14.1-mile listed segment of Antelope Creek begins in the Rocky Plateau, flows south through
Antelope Flat, and ends with a 0.6-mile segment inside the Willow Valley Reservoir (Figure H-
3). Antelope Creek drains an area approximately 57.6 square miles (sq mi) and experiences a
mean annual precipitation of 17.5 inches (Table H- 4). A subset of basin characteristics
produced and used by StreamStats to determine flow rates in Antelope Creek are presented in
Table H- 4.

Expected flows in Antelope Creek range from 0.4 cfs, representative of low flow conditions, to
103 cfs for very high flow conditions (
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Table H- 5). These flows were used in Equation H- 1 to calculate loading capacities for Antelope
Creek during the various flow conditions. The thermal loading capacity, which was calculated
using the lowest flow estimate for the condition, applies to the full range of flows until the next
flow condition is reached (

State of Oregon Department of Environmental Quality H-10



Upper Klamath and Lost Subbasins Temperature TMDL - Appendix H: Stream Flow Estimation

Table H- 5). For example, if the flow rate in Antelope Creek is 5 cfs, the thermal loading capacity
is considered to be 5.71E+07 kcal/day, as this falls within the dry flow condition.

s Legend
,‘ : ¢  NorWeST Monitoring Stations
gk Antelope Creek Drainage Point
dford e Antelope Creek
[ \ Antelope Creek Drainage Area
e 303d Listed Streams
Streams
HUC 8
LIFQE
’ _— @
N
o 2 e 12
Antelope Creek Drainage Area: I S i creters
Lost River Subbasin o 2 24 2 N
| Eaaaaa.—— Qi
Figure H- 3. Antelope Creek drainage area.
Table H- 4. Antelope Creek basin characteristics used in StreamStats.
Parameter Value Units
Drainage Area 57.6 sq mi
Mean Annual Precipitation 17.5 in
Mean Annual Maximum Air Temperature 15.2 °C
Mean Basin Slope 2.32 degrees
Relief 952 ft
Average Soil Permeability 0.97 in/hr
Source: U.S. Geological Survey, 2012, The StreamStats program for Oregon, online
at http://water.usgs.gov/osw/streamstats/oregon.html-
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Figure H- 4 presents the relationship between flow conditions and total loading capacity, which
ranges from 2.16E+07 kcal/day to 5.12E+09 kcal/day for low and very high flow conditions,
respectively (
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Table H- 5). This curve characterizes the thermal loading capacity of Antelope Creek for the
range of expected flows throughout the year and serves as a reference to estimate the loading
capacity for different flow rates using Equation H- 1.
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Table H- 5. Antelope Creek thermal loading capacity by flow condition.

Representative Flow

Thermal Loading

Flow Condition Estimate (cfs)* Applicable Flow Range Capacity2
(kcal/day)
Low 0.4 <1 cfs 2.16E+07
Dry 1 1 cfs to <7 cfs 5.71E+07
Mild 7 7 cfs to <23 cfs 3.23E+08
Moderate 23 23 cfs to <59 cfs 1.12E+09
High 59 59 cfs to <103 cfs 2.95E+09
Very High 103 0103 cfs 5.12E+09

1 Estimated from StreamStats analysis.
2 Loading capacity calculated using Equation H- 1, the representative flow estimate from the second column,
and the applicable criterion plus HUA (20.0°C plus 0.3°C). This loading capacity applies to the flow range in

the third column of the table.

6.0E+09

5.0E+09

4.0E+09

3.0E+09

2.0E+09

Loading Capacity (kcal/day)

1.0E+09

0.0E+00
0.1

Antelope Creek Loading Capacity by Flow Condition

Very High

High

Moderate

Low Dby & Mild
o—

1

10
Log Flow (cfs)

100

Figure H- 4. Antelope Creek loading capacity curve by flow condition.

H.2.1.2 Barnes Valley Creek

The water quality limited segment of Barnes Valley Creek is 14 miles long (Table H- 1) and

begins south of Juniper Mountain, flows through Barney Valley and ends before Geber

Reservoir (Figure H- 5). The Barnes Valley Creek drainage area is 94.3 square miles and
includes Long Branch and Lapham creeks. Also included in the drainage area are Pitch Log,

Strawberry and Wilson creeks. A subset of basin characteristics that are produced by
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StreamStats and used to determine flow statistics for Barnes Valley Creek are presented in

Table H- 6.

Table H- 6. Barnes Valley Creek basin characteristics used in StreamStats.
Parameter Value Units

Drainage Area 94.3 sq mi
Mean Annual Precipitation 21.2 in
Mean Annual Maximum Air Temperature 13.9 °C
Mean Basin Slope 4.02 degrees
Relief 1590 ft
Average Soil Permeability 1.53 in/hr
Source: U.S. Geological Survey, 2012, The StreamStats program for Oregon, online

at http://water.usgs.gov/osw/streamstats/oregon.html-

Figure H- 5. Barnes Valley Creek drainage area.

Estimated flow rates for Barnes Valley Creek range from 4 cfs during low flow conditions to 186

cfs for very high flow conditions (). These flows were used in Equation H- 1 to calculate the
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