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1.1.

Purpose

This report summarizes the Klamath River and source discharge data from 2013-2018 and how
these data compare to the allocations contained in the 2019 Upper Klamath and Lost Subbasins
Temperature TMDL. Sources evaluated include Klamath Falls WWTP (Spring Street WWTP),
South Suburban WWTP, and warming from Klamath Straits Drain, and Lost River Diversion
Channel.

This report is intended as an informational document to assist DEQ and the interested public
understand the potential impact of the Klamath River temperature TMDL allocations.

The plots and table summaries in this report contain the following information for years 2013-

2018:

Please

The Klamath River daily mean temperature and daily mean flow.

For each source, the change in Klamath River temperature at the point of discharge and
the difference between that change and the allocated change in river temperature.

The maximum difference between the current source loading and the TMDL allocated
load.

The current source discharge flow and the calculated maximum reduction to daily mean
source discharge flow needed to achieve the allocation. Discharge temperature is the
same as current.

The current source discharge temperature and the calculated maximum reduction to
daily mean discharge temperature needed to achieve the allocation. Discharge flow is
the same as current.

refer to attached spreadsheets for daily data used for plotting and table summaries.
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1.2.

Data Sources

Source Discharge Flow Discharge River Flow and
Temperature Temperature

Klamath Falls WWTP | DMRs DMRs

(KF)

Klamath Straits Drain | USGS 11509340 KSD | USGS Year 2013 - 2018

(KSD) near Worden 420451121510000

KSD near Highway 97

Lost River Diversion
Channel (LRDC)

Net flow derived from
measurements at
USBOR gages at Lost
River Diversion Dam
(LRD) Downstream
gage (QJ), minus
diversions at Station
48, and Miller Hill
Pump Plant, OR
(MHPO).

USBOR Gage LRVO -
Lost River Diversion
Channel at Tingley

South Suburban
WWTP (SS)

DMRs

DMRs

USGS 11507500 Link
River at Klamath Falls

See Figure |-4

1.3.

Equations

Wasteload Allocation Equation

The following equation was used to calculate the thermal waste load allocations.

WLA = (AT) - (Qg + Qr) " Cr

where,
WLA =

AT =

Equation 2 3

Waste load allocation (kilocalories/day).

The maximum temperature increase (°C) using 100% of river flow not to be

exceeded by each individual source from all outfalls combined.

Qr =
Qr =

The daily mean effluent flow (cfs).

The daily mean river flow rate, upstream (cfs).

When river flow is <= 7Q10, Qg = 7Q10. When river flow > 7Q10, Q is equal to
the mean daily river flow, upstream.
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Cr = Conversion factor using flow in cubic feet per second (cfs): 2,446,665

1ft2 1m3® 1000kg 86400sec 1 kcal

: : = 2,446,665
1sec 3531 ft3 1m?3 lday 1kg -1°C
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WLA Permit Compliance Equation

The following equation shall be used to determine compliance with the waste load allocation
(WLA).
ETL = (TE - TR) . QE - CF Equation 2 4

where,
ETL = The daily excess thermal load (kilocalories/day) used to evaluate compliance with
the waste load allocation (WLA) from Equation 2 3.

Tz = The point of discharge applicable river temperature (°C).

Tr is the daily mean river temperature at Link River (USGS 11507500) is used as an
appropriate estimate for T. Daily mean river temperatures immediately upstream of

the outfall may also be used for Tr as long as adjustments are made to eliminate
any warming or cooling between the outflow from Upper Klamath Lake and that
location not attributed to natural sources.

Between October 1 and May 31, if the daily maximum river temperatures > = 28°C,
Tr = 28°C.
Ty =  The daily mean effluent temperature (°C)

Qg = The daily mean effluent flow (cfs or MGD)

Cr = Conversion factor for flow in cubic feet per second (cfs): 2,446,665
1ft3 1m3® 1000kg 86400sec 1kcal

1sec 3531ft3 1m3 lday 1kg -1°C

= 2,446,665

Conversion factor for flow in millions of gallons per day (MGD): 3,785,411
1m3 1000 kg 1000000 gal 1 kcal

264.17 gal ""1m3  1million gal 1 kg - 1°C

= 3,785,441
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Calculating Current Change in Temperature

The following equation is used to determine compliance with the allowed AT allocated in the
TMDL.

ATCurrent = (

where,
ATcurrent = The current river temperature increase (°C) using 100% of river flow.

Qp

—— (T, —-T Equation I-1
QE+QR> (Tg ?) q

Qr = The daily mean effluent flow (cfs).

Qr = The daily meanriver flow rate, upstream (cfs).

When river flow is <= 7Q10, Qg = 7Q10. When river flow > 7Q10, Qy is equal to
the mean daily river flow, upstream.

T = The daily mean effluent temperature (°C)
Tp = The point of discharge applicable river temperature (°C).

Tr is the daily mean river temperature at Link River (USGS 11507500) is used
as an appropriate estimate for T;. Daily mean river temperatures immediately
upstream of the outfall may also be used for Tr as long as adjustments are
made to eliminate any warming or cooling between the outflow from Upper
Klamath Lake and that location not attributed to natural sources.

Between October 1 and May 31, if the daily maximum river temperatures > =
28°C, Tr = 28°C.
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Calculating Acceptable Effluent Temperatures

The daily mean effluent temperatures (°C) acceptable under the allowed AT and the waste
load allocation (WLA).
(QE + QR) ' (TR +AT) — (QR i TR)

T wia = 0 Equation I-2a
E
WLA
EwLA = ﬁ Equation I-2b
where,
Tg wia = Daily mean effluent temperature (°C) allowed under the waste load allocation.
WLA =  Waste load allocation (kilocalories/day).
AT = The maximum temperature increase (°C) using 100% of river flow not to be

exceeded by each individual source from all outfalls combined.
Qr = The daily mean effluent flow (cfs).
Qr = The daily mean river flow rate, upstream (cfs).

When river flow is <= 7Q10, Qg = 7Q10. When river flow > 7Q10, Qy is equal to
the average daily river flow, upstream.

Tr = The point of discharge applicable river temperature (°C).

Tr is the daily mean river temperature at Link River (USGS 11507500) is used
as an appropriate estimate for Ty. Daily mean river temperatures immediately
upstream of the outfall may also be used for Tr as long as adjustments are made
to eliminate any warming or cooling between the outflow from Upper Klamath
Lake and that location not attributed to natural sources.

Between October 1 and May 31, if the daily maximum river temperatures > =
28°C, Tr = 28°C.

Cr = Conversion factor for flow in cubic feet per second (cfs): 2,446,665
1ft3 1m3 1000kg 86400sec 1kcal

1sec 3531ft3 1m3 lday 1kg -1°C

= 2,446,665

1-10
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Calculating Acceptable Effluent Flows

The daily average effluent flow (cfs) acceptable under the allowed AT and the waste load
allocation (WLA).
_ (Qr - Tg) — (T + AT) = Q)

Qewia = T+ AT =T, Equation I-3a
_ (wLA) .
Qpwra = T =T+ Cy Equation I-3b
where,
Qe wia = Daily mean effluent temperature (cfs) allowed under the waste load allocation.
WLA =  Waste load allocation (kilocalories/day).
AT = The maximum temperature increase (°C) using 100% of river flow not to be

exceeded by each individual source from all outfalls combined.
T = The daily mean effluent temperature (°C).
Qr = The daily mean river flow rate, upstream (cfs).

When river flow is <= 7Q10, Qg = 7Q10. When river flow > 7Q10, Qy is equal to
the average daily river flow, upstream.

Tr = The point of discharge applicable river temperature (°C).

Tr is the daily mean river temperature at Link River (USGS 11507500) is used
as an appropriate estimate for Ty. Daily mean river temperatures immediately
upstream of the outfall may also be used for Tr as long as adjustments are made
to eliminate any warming or cooling between the outflow from Upper Klamath
Lake and that location not attributed to natural sources.

Between October 1 and May 31, if the daily maximum river temperatures > =
28°C, Tr = 28°C.

Cr = Conversion factor for flow in cubic feet per second (cfs): 2,446,665
1ft3 1m3 1000kg 86400sec 1kcal

1sec 3531ft3 1m3 lday 1kg -1°C

= 2,446,665

I-11
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.4. Monthly summaries

1-12
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Percent of days with an exceedance

Percent of days with an exceedance (2013-2018) based on allocation
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Figure I- 1. Percent of days with an exceedance at the point of discharge in the Klamath River.
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Maximum Percent ETL Reduction (2013-2018) based on allocation
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Figure I-2. Maximum monthly percent thermal loading (ETL) reduction in the Klamath River to achieve allocations.
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Maximum Change in River Temperature (2013-2018)
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Figure I-3. Maximum monthly river temperature change (dT) in the Klamath River.
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Table I-1. Maximum monthly thermal load reduction to achieve TMDL allocations (2013-2018).

Source Reduction Variable Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
KF WWTP Thermal Load (ETL) kcals/day 3.50E+08 2.42E+08 1.59E+08 3.64E+07 0 0 0 0 0 6.44E+07 1.06E+08 2.72E+08
KSD Thermal Load (ETL) kcals/day 1.63E+08 1.04E+09 2.07E+09 1.72E+09 9.50E+08 1.13E+09 6.45E+08 3.13E+08 1.75E+08 7.02E+07 1.08E+08 2.22E+08

LRDC Thermal Load (ETL) kcals/day 9.03E+08 2.99E+09 4.46E+09 8.22E+08 7.84E+08 4.21E+07 1.15E+08 3.26E+08 3.91E+08 5.10E+08 3.12E+08 1.76E+09

SS WWTP Thermal Load (ETL) kcals/day 2.34E+07 2.64E+06 0 0 0 0 0 0 0 0 0 0

Table I-2. Maximum monthly change in river temperature (dT) (2013-2018).

Source Variable Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
KF WWTP  Current Temp Change Degrees Celsius 0.46 0.33 0.18 0.05 0.03 0.02 0 0.01 0.03 0.09 0.1 0.38
KSD Current Temp Change Degrees Celsius 0.17 049 0.7 079 053 054 027 0.19 0.14 0.07 0.11 0.29
LRDC Current Temp Change Degrees Celsius 0.36 1.00 0.93 0.17 0.37 0.08 0.14 024 0.32 025 0.25 0.68
SSWWTP  Current Temp Change Degrees Celsius 0.06 0.03 0.02 0.01 0.01 0.01 0.01 0 0.03 0.01 0.01 0.03

I-16
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Table I-3. Maximum monthly percent thermal load reduction to achieve TMDL allocations (2013-2018).

Source Reduction Variable Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
KF WWTP Thermal Load (ETL) Percent kcals/day 93 91 83 40 0 0 0 0 0 66 70 92
KSD Thermal Load (ETL) Percent kcals/day 83 94 96 96 94 91 81 74 65 56 71 90
LRDC Thermal Load (ETL) Percent kcals/day 92 97 97 82 92 40 64 79 84 88 88 96
SS WWTP Thermal Load (ETL) Percent kcals/day 50 6 0 0 0 0 0 0 0 0 0 0

Table I-4. Calculated maximum reduction to the effluent/source daily average flow needed to achieve TMDL allocations (2013-2018). Calculated
with no reduction to effluent/source temperatures.

Source Reduction Variable Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
KF WWTP Discharge Flow Cubic feet/second 124 171 7.6 1.9 0 0 0 0 0 34 34 103
KSD Discharge Flow Cubic feet/second 62.3 227 355.2 2542 1711 173.91122 948 591 345 521 752
LRDC Discharge Flow Cubic feet/lsecond 785 830.2 893.4 230.8 357.4 15 49.7 80.8 111.3 1781 119.1 673.7
SS WWTP Discharge Flow Cubic feet/second 3.3 0.3 0 0 0 0 0 0 0 0 0 0

[-17



Upper Klamath and Lost Subbasins Temperature TMDL — Appendix |

Table I-5. Calculated maximum reduction to the effluent/source daily maximum temperatures needed to achieve TMDL allocations (2013-2018).
Calculated with no reduction to effluent/source flows.

Source Reduction Variable Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
KF WWTP Discharge Temperature Degrees Celsius 1.4 10.1 84 29 0 0 0 0 0 52 9 116
KSD Discharge Temperature Degrees Celsius 0.9 3.4 5.8 3.5 24 3 22 1.3 08 0.7 1.1 1.5
LRDC Discharge Temperature Degrees Celsius 0.7 3.2 3.9 1.4 3.9 05 0.7 1.5 1.8 1.3 1.3 1.7
SS WWTP Discharge Temperature Degrees Celsius 1.5 0.2 0 0 0 0 0 0 0 0 0 0

[-18
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.5. Klamath River

I-19
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Link River Flow and Temperature, USGS 11507500
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Figure I-4. Link River daily maximum temperature and daily average flow at USGS station 11507500.
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.6. Klamath Falls WWTP

Klamath Falls WWTP Change in Temperature at Point of Discharge
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Figure I-5. Klamath Falls WWTP change in Klamath River temperature at the point of discharge.
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Klamath Falls WWTP Instream Loading at Point of Discharge
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Figure 1-6. Klamath Falls WWTP thermal loading in the Klamath River.
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Klamath Falls WWTP Discharge Flow
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Figure I-7. Klamath Falls WWTP effluent discharge flow to the Klamath River.
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Klamath Falls WWTP Discharge Temperature

2013

2014

2015

2016

2017

2018

- - N N

(&} o [&)] o 6]

f " 1 | f
Discharge

o
1

il

™

Temperature (deg-C)
© o

D
Reduction

|

N

M

|

I

)

b

™
|

02 04 06 08 10 12

Figure I-8. Klamath Falls WWTP effluent discharge temperature to the Klamath River.
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.7. South Suburban WWTP

South Suburban WWTP Change in Temperature at Point of Discharge
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Figure 1-9. South Suburban WWTP change in Klamath River temperature at the point of discharge.
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South Suburban WWTP Instream Loading at Point of Discharge
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Figure I1-10. South Suburban WWTP thermal loading in the Klamath River.
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South Suburban WWTP Discharge Flow
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Figure I-11. South Suburban WWTP effluent discharge flow to the Klamath River.
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Temperature (deg-C)

South Suburban WWTP Discharge Temperature
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Figure I-12. South Suburban WWTP effluent discharge temperature to the Klamath River.
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.8. Lost River Diversion Channel

Lost River Diversion Channel Change in Temperature at Point of Discharge
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Figure 1-13. Lost River Diversion Channel change in Klamath River temperature at the point of discharge.
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Lost River Diversion Channel Instream Loading at Point of Discharge
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Figure I-14. Lost River Diversion Channel thermal loading in the Klamath River.
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Figure I-15. Lost River Diversion Channel discharge flow to the Klamath River.
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Figure I-16. Lost River Diversion Channel discharge temperature to the Klamath River.
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.9. Klamath Straits Drain

Klamath Straits Drain Change in Temperature at Point of Discharge
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Figure I-17. Klamath Straits Drain change in Klamath River temperature at the point of discharge.
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Figure I-18. Klamath Straits Drain thermal loading in the Klamath River.
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Figure 1-19. Klamath Straits Drain discharge flow to the Klamath River.
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Klamath Straits Drain Discharge Temperature
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Figure 1-20. Klamath Straits Drain discharge temperature to the Klamath River.
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