2. EXISTING HYDROLOGY CONDITIONS

2. Existing Hydrology Conditions

Several studies of the hydrology were conducted and detailed reports were
generated for each study. The following reports are attached as appendices to this

report:

1.

Current Flood Hydrology of the Klamath River — Appendix A: Analyzes
the historical flow duration and flood frequency data of the Klamath River
from Keno Dam to the Pacific Ocean.

Hydrologic Data Development and Management — Appendix E: Describes
development of naturalized flows from historic data, an overview of
synthetic hydrology, and an overview of data management system.

Upper Klamath Biological Opinion Operations — Appendix E: Describes
how the 2010 Biological Operational criteria were implemented into the

Klamath Project Simulation Model (KPSIM) without adjustments for the
Klamath Dam Removal (KDR) study. These are the operations assumed

under No Action Alternative.

Upper Klamath KBRA operations — Appendix E: Describes how the
KBRA operation criteria were implemented into KPSIM without
adjustments for the Dam Removal Study. These are the operations
assumed under the Dam Removal Alternative.

Hydrology Operations — Appendix E: KBRA operation criteria and
implementation in KPSIM without KDR adjustments. These are the
operations assumed under the Dam Removal Alternative.

Forecast Generation and Demand Representation in Upstream Operation
Models — Appendix E: Detailed description of forecast generation for
synthetic hydrology for UKL operations and KBRA demand computations

Climate Change hydrology development — Appendix E: Describes
development of Climate Change Hydrology

A brief summary on the current conditions of the Klamath basin hydrology is
given in this chapter.

2.1. Rainfall and Temperature

Monthly average temperature and precipitation at Klamath Falls, OR and Yreka,
CA are giving in Figure 2-1 and Figure 2-2, respectively. The months with the
most precipitation are November to March. The least precipitation falls during the
months of July through September.
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2. EXISTING HYDROLOGY CONDITIONS

The annual precipitation at Klamath Falls and at Copco 1 Dam is given in Figure
2-3 and Figure 2-4, respectively. The annual precipitation for the period from
1907 to 1997 at Klamath Falls is 13.4 inches and the annual precipitation from
1959 to 2009 at Copco 1 is about 20 inches. Additional statistics on monthly
rainfall at Keno and Copco 1 are given Figure 2-5 and Figure 2-6.

The annual mean temperature and total precipitation for Jackson, Klamath, and
Siskiyou Counties from 1900 to 2009 was reported in Reclamation (2011c) and
their figure is reproduced in Figure 2-7. The 25-year moving average of the mean
annual temperature has been increasing since the 1970s and is approximately 1° F
higher now than in the 1930s to 1960s. The total precipitation is quite variable
year to year and does not show a consistent trend since the 1950s.
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Klamath Falls, Oregon Temperature and Precipitation
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Figure 2-1. Average monthly temperatures and precipitation at Klamath Falls. (gage #
354506 at41.97972 N, 1222.33778 W). Period of record is from 5/11/1887 to

5/31/2001. Data obtained from Western Regional Climate Center
(http://www.wrcc.dri.edu/ ).

Yreka, CA Temperature and Precipitation
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Figure 2-2. Average monthly temperatures and precipitation at Yreka, CA (gage #
049866). Period of record is from 2/ 1/1893 to 4/30/2010. Data obtained from

Western Regional Climate Center (http://www.wrcc.dri.edu/ ).
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Annual Precipitation at Klamath Falls
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Figure 2-3. Annual precipitation at Klamath Falls. (gage # 041990 at 41.97972 N,
1222.33778 W). Data obtained from Western Regional Climate Center
(http:/Avww.wree.dri.edu/ ).

Annual Precipitation At Copco 1 Dam
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Figure 2-4. Annual precipitation at Copco 1 Dam (gage # 041990 at 41.97972 N,
1222.33778 W). Data obtained from Western Regional Climate Center
(http:/Avww.wree.dri.edu/ ).
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Non-Exceedance Values for Monthly Precip at Keno
(1927 - 2009)
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Figure 2-5. Rainfall statistics for rain gage located near Keno Dam (gage # 354403 at
42.12639 N, 121.93083 W). Data obtained from Western Regional Climate Center
(http://www.wrcc.dri.edu/ )

Non-Exceedance Values for Monthly Precip at Copco |
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Figure 2-6. Rainfall statistics for rain gage located near Copco 1 Dam (gage # 041990
at 41.97972 N, 1222.33778 W). Data obtained from Western Regional Climate Center
(http://www.wrcc.dri.edu/ ).
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Mean Temperature for Klamath Region Counties (Jan:kson Klamath, Siskiyou)
12 month period ending in September
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Figure 22. Observed annual (red) and moving-mean annual (blue) temperature and precipitation,
averaged over the Klamath River Region.

Source: Western Climate Mapping Initiative (WestMap) available at: http:/fwww_cefa. dri.edu/ Westmap/.
Red line indicates annual time series for the given geographic region. Blue line indicates 25-year moving
annual mean values, where each value is plotted on the center year of its respective 25-year period.
WestMap data are derived from the PRISM climate mapping system (Daly et al. 2004; Gibson et al.
2002).

Figure 2-7. Historic annual mean temperature and total annual precipitation for
Klamath Regional Counties from Reclamation, 2011c.
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2.2. Dams, Water Diversion, and Hydropower Facilities

The storage capacities and details of the dams located on the Klamath River are
given in Table 2-1 from PacifiCorp (2004a). Some of the details of their facilities
are reproduced in this document. Upper Klamath Lake controlled by Link Dam
has approximately 83% of the storage on the Klamath River, while the four
PacifiCorp dams being analyzed for removal have 14% of the storage. These four
dams are operated for hydropower and most often are operated as run-of-the-river
facilities, whereas, Link Dam is operated primarily for water storage.

A flow schematic of the operations from Link Dam to Iron Gate is shown Figure
2-8 and a flow schematic of the Klamath Basin above Keno Dam is shown in
Figure 2-9. A schematic of the Klamath Irrigation Project is shown in Figure
2-10.
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Upper Klamath Lake
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Figure 2-8. Schematic of Flow Operations in Klamath Basin (used by permission from
PacifiCorp, Exhibit B, 2004).
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Figure 2-9. Upper Klamath Lake and Keno flow schematic (from Reclamation 2005).
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Table A2.1-1. Key data regarding the existing Klamath Hydroelectric Project developments.

switchyard, line
26-1 from Copco
No. 1 plant to
switchyard

Fall Creek
Development/
Keno J.C. Boyle Copco No. 1 Copco No. 2 Spring Creek Iron Gate
Item Link River Dam Development Development Development Development Diversion Development
Powerhouse Construction East Side: None Reinforced Reinforced Reinforced Reinforced Reinforced
reinforced concrete concrete concrete concrete concrete concrete
structure structure substructure with structure substructure with structure
West Side: a concrete and steel
reinforced concrete steel superstructure
and wood structure superstructure enclosed by
metal siding/
not applicable
Transmission Lines
Line Designation 56-8 None 98 15, 26-1, 26-2 None 3 (two sections)/ 62
not applicable
Length (mi) 036 None 024 1.23,0.7,0.7 None 1.65 total/ 6.55
not applicable
Voltage (kV) 69 None 69 69, 69, 69 None Both 69/ 69
not applicable
Interconnections Plant to tap on line None Plant to tap on Line 15 from None Plant to tap point | Plant to Copco
18 line 18 Copeo No. 1 on line 18 (very No. 2
switchyard to short). Plant to
Copco No. 2 Copco No. 1
plant, line 26-1 switchyard/
from Copco No. 1 not applicable
plant to

a

® Two existing fish ladders serve the Tron Gate fish hatchery, but do not allow passage past the dam.

© Pool elevations for these values are unknown.

¢ Data from the Draft Bathymetry and Sediment Classification of the Klamath Hydropower Project Impoundments, JM. Eilers and C P. Gubala of JC Headwaters. Inc.
prepared for PacifiCorp. March 2003.

B

Total storage capactty 1s at normal full pool

The spillway crest at Link River dam is adjustable with stop logs: normal full pool elevation is shown.

£ Data for Keno is from USGS Gage 11509500. All other data are average daily turbine flows plus spill flows for 1994 through 1997 provided by PacifiCorp.
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2.3. Reach and Tributary Descriptions

Information for the current conditions hydrology is taken from The United States
Geological Survey (USGS) stream gages on the Klamath River (Table 2-2) and
the FERC 2007 EIS. The USGS gages on the Klamath River are listed in Table
2-2. A flow duration analysis based upon daily average flows at the PacifiCorp
dams is given in Table 2-3.

Table 2-2.USGS gages on the Klamath River.

USGS Draina Gage Period of Record
Gaging Station Name ge Area| Latitude | Longitude |Elevation (Water Years)
Station (mi?) (feet)
Klamath River at onO A . 1905-1913
11509500 Keno, OR 3,920 |42°08°00”| 121°57°40” | 3,961 1930.2000
Klamath River below
11510700 John C. Boyle Power Plant | 4,080 |42°05°05”| 122°04’20” | 3,275 1959-2009
near Keno, OR
Klamath River below OEQIAAY PO
11512500 .11 Craok near Gopco, Ca | 4370 [41758°20% 122°22°05” | 2310 1924-1961
11516530 Klamath Riverbelow 1) o0 |4g0550497) 1920067357 | 2,162 1961-2009
Iron Gate Dam, CA
Klamath River near P onmrEam 1913-1925
11520500 Seiad Valley, CA 6,040 |41°51°14”| 123°13'52” | 1,320 1952.2009
11523000 Klamath River at 8475 |41°18'13"| 123°32°00” | 356 1927-2009
Orleans, CA
. 1911-1927
11530500|  Klamath Rivernear 1, )4y |410300407| 103058°427 | 5.6 1932-1994, 1996,
Klamath, CA 1998-2009
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Table 2-3. Daily flow duration — annual and seasonal (July 1 — November 31), based

upon historical data.

% of time Discharge (ft*/s)

equaled Annual Seasonal (July 1 — Nov 31)

excggded Keno Boyle | Copco g:tr; Keno Boyle | Copco g:tr;
99 152 331 290 528 147 325 294 441
95 297 522 529 716 292 473 524 701
90 431 635 643 741 417 592 604 725
80 645 802 882 955 621 725 823 846
70 821 962 1088 1040 737 856 973 1000
60 990 1130 1269 1320 901 960 1150 1030
50 1180 1260 1483 1360 1020 1060 1273 1130
40 1440 1480 1730 1700 1180 1180 1470 1320
30 1800 1810 2104 1977 1390 1280 1670 1350
20 2390 2660 2640 2980 1580 1490 1905 1510
10 3120 3200 3350 3870 1960 1890 2300 1840
5 4320 4530 4486 5500 2450 2710 2720 2920
1 6875 7660 7295 9167 3300 3970 3536 4350
2.3.1. UPPER KLAMATH LAKE AND TRIBUTARIES TO UPPER KLAMATH LAKE

Upper Klamath Lake (UKL) receives most of its water from the Williamson and
Wood Rivers. The Williamson River watershed consists of two sub-basins
drained by the Williamson and Sprague Rivers, which together provide about 75
percent of the drainage area to Upper Klamath Lake (FERC, 2007). The Sycan
River, a major tributary to the Sprague River, drains much of the northeastern
portion of the watershed. Both the Williamson and Sprague River sub-basins are
primarily forested with some areas of shrub and grassland, agriculture, and
wetland and are largely within the Winema and Fremont National Forests,. The
Wood River drains an area northeast of Upper Klamath Lake. The Wood River
watershed extends from the southern base of the eastern slopes of the Cascade
Mountains near Crater Lake to its confluence with the northern arm of Upper
Klamath Lake, which is often referred to as Agency Lake. Although primarily
forested, the Wood River watershed also contains extensive agricultural lands and
wetlands. The balance of the water reaching Upper Klamath Lake is derived from
direct precipitation, flows from small streams, irrigation canals, and ground water
from springs and agricultural pumps.

Historical UKL elevations are given in Figure 2-13. Lake elevations have varied
between 4136.8 and 4143.3 feet and more typically vary between 4138 and
4143.2 feet in a given year.

The historical 1961 — 2009 annual inflows into Upper Klamath Lake (UKL) are
graphed in Figure 2-14 showing significant variation in the yearly inflow into
UKL. Also shown in the figure is the 5-year moving average of the annual
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inflows along with the average inflow over this period of record. A dry (1990),
average (1961), and wet (1982) start year was identified based upon the 5-year
moving average. The identification of the water year types is intended to be used
to identify the sensitivity of a particular resource area to the dry and wet cycles
that occur in the basin.

Figure 2-15 shows the autocorrelation of those yearly inflows and the
approximate 95% confidence intervals of the autocorrelation coefficient. There is
a significant positive correlation between one-year and the following year (lag 1).
There is also significant negative correlation between years separated by 5 years
(lag 5). This suggests that dry years occur more frequently after dry years and wet
years occur more frequently after wet years.

Historical Upper Klamath Lake Elevation
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Figure 2-13. Daily UKL Elevations from Oct 1974 to July 2010.
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Figure 2-14. Annual inflows in UKL and representative start years based upon a
5-year moving average.
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Figure 2-15. Autocorrelation of UKL inflows.
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2.3.2. J.C. BOYLE TO J.C. BOYLE POWERPLANT (J.C. BOYLE BYPASSED
REACH)

The 4.3-mile-long J.C. Boyle bypassed reach is a steep gradient section of the
Klamath River from the dam to the powerhouse. Substantial groundwater enters
the bypassed reach starting about 0.5 mile downstream of the dam. The average
accretion in the bypassed reach is between 220 and 250 cfs and is relatively
constant on a seasonal basis (FERC, 2007). The accretion is shown in the
difference between the USGS Keno Gage and the USGS below J.C. Boyle
Powerplant gage (Figure 2-16).

Historical Median Stream Flow on Klamath River
(WY 1961 - 2009)
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2,500 |
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»
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Figure 2-16. Median Flows at USGS stream gages from Keno to Iron Gate.

2.3.3. J.C. BOYLE POWERPLANT TO COPCO RESERVOIR (J.C. BOYLE
PEAKING REACH)

Under current operations, when inflow to J.C. Boyle Reservoir is below 3,000 cfs,
water is typically stored at night and flows during the day, the period of peak
energy demand, are ramped up to either one unit operation (up to 1,500 cfs) or
two unit operation (up to 3,000 cfs). PacifiCorp states that due to turbine
efficiencies, the preferred flow through the powerhouse is 2,500 cfs, but this
preferred flow is infrequently achieved on a daily average basis, during most
months (FERC, 2007). When generation is not occurring and J.C. Boyle Dam is
not spilling, normal flows in the peaking reach are about 320 to 350 cfs, com of
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80 cfs from the fish ladder, 20 cfs from the juvenile fish bypass system, and the
rest from spring accretion in the bypassed reach. Because of the popularity of
whitewater boating on the J.C. Boyle reach, PacifiCorp considers the timing
demands of commercial whitewater rafters as well as power demand, during May
through mid October. The current license requires a ramping rate of 9 inches per
hour for both up-ramping and down-ramping (FERC, 2007).

PacifiCorp has two direct diversion water rights along this reach for irrigation and
stock watering at Copco ranch: 10 cfs and 2,300 acre-feet per year at the Owens
ditch diversion and 5 cfs and 600 acre-feet per year at the Owens Island diversion
-- both of which are gravity-fed diversions along the river (letter from R. Kanz,
California State Water Resources Control Board, to the Commission, dated
January 20, 2005).

Substantial tributaries in this reach include Rock Creek, at RM 213.9, and Shovel
Creek at RM 206.5. PacifiCorp is currently diverting up to 15 cfs from Shovel
Creek and Negro Creek (a tributary of Shovel Creek) during the summer for
irrigation purposes (FERC, 2007).

The daily monthly flow duration data for each month for the Klamath River
below J.C. Boyle Powerplant are given in “Appendix A. Flood Frequency Report
and shown Figure 2-17. The median daily average flow during the period 1961 to
2009 was between 1,800 and 2,200 cfs during the months of January through
April, then decreasing to around 870 cfs for July. Historically, the median flows
gradually increase back to 1,800 cfs by December. The minimum flow, during
this period, was 320 cfs and occurred at least once in all months, though less
frequently during the winter. The maximum daily average flow is around 10,000
cfs and has occurred during the months of January to March.
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Average Daily Flow Exceedances for each Month below J.C. Boyle Powerplant
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Figure 2-17. Daily flow exceedance percentages for J.C. Boyle Stream Gage
below J.C. Boyle Powerplant for water years 1961 to 2010.

2.3.4. COPCO TO IRON GATE

The Copco No. 1 powerhouse can discharge up to 3,560 cfs directly into the 0.25-
mile-long Copco No. 2 reservoir. PacifiCorp states that since the Copco No. 2
Reservoir has virtually no storage so the powerhouse acts as a virtual slave to
discharge from Copco Reservoir and the water level within Copco No. 2 reservoir
rarely fluctuates more than several inches. Spillage at Copco No. 2 dam would
typically only occur when inflow exceeds the capacity of Copco No. 2
powerhouse, which occurs infrequently from November through April (FERC,
2007).

There is a 1.5-mile-long bypassed reach between Copco No. 2 reservoir and
powerhouse. There is currently no minimum flow requirement for the bypassed
reach, but PacifiCorp states it normally releases 5 to 10 cfs via a 24-inch-diameter
pipe at the dam. PacifiCorp states that in this boulder-dominated, steeply-sloping
bypassed reach accretion adds very little natural flow, unlike the J.C. Boyle
bypassed reach (FERC, 2007). Discharge from Copco No. 2 powerhouse enters
the upper reaches of the Iron Gate reservoir.

The daily average flows were recorded by USGS Gage #11512500 from water
year (WY) 1923 to WY 1961 before the construction of Iron Gate Dam. An
example of the flows is given in Figure 2-18. Copco 1 was operated as a peaking
unit with flows during non-peak days of approximately 600 cfs. It is assumed that
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flows would fluctuate on a daily basis in the Klamath River before the
construction of Iron Gate Dam.
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Figure 2-18. Typical daily average flows in Klamath River below Copco | before
construction of Iron Gate Dam.

2.3.5. TRIBUTARIES TO IRON GATE

Two perennial tributaries, Jenny and Fall creeks, enter Iron Gate reservoir (see
Figure 1-2). Spring Creek is a tributary to Jenny Creek, which flows for 1.2 miles
from its source at Shoat Springs before it enters Jenny Creek at RM 5.5. Flow in
Jenny Creek is altered by upstream Rogue River Irrigation Project reservoirs that
store water during the high runoff season for irrigation. About 30 percent of the
mean annual runoff (24,000 acre-feet) of the Jenny Creek watershed is diverted
north into the Rogue River Basin. PacifiCorp estimates that inflow from Jenny
Creek to Iron Gate Reservoir is normally between 30 and 500 cfs.

PacifiCorp operates a small diversion dam on Spring Creek to divert up to 16.5
cfs into Fall Creek. A Fall Creek dam diverts flow into a canal and penstock
system leading to the Fall Creek powerhouse (FERC, 2007). PacifiCorp states that
a water rights lawsuit with a local landowner precluded the Spring Creek
diversions for most of the 1990s, but resumed diversions in 2003 when the lawsuit
was decided in favor of PacifiCorp (FERC, 2007). The Spring Creek diversion,
located 0.5 mile upstream of its confluence with Jenny Creek, diverts flow into a
1.3-mile-long canal until it enters Fall Creek about 1.7 miles upstream of the Fall
Creek diversion. PacifiCorp estimates 5 cfs is the minimum observed flow in
Spring Creek. The diversion dam on Fall Creek diverts up to 50 cfs of flow that
bypasses 1.2 miles of a very steep gradient section of Fall Creek leading to the

2-31



2. EXISTING HYDROLOGY CONDITIONS

Fall Creek powerhouse. The project’s current license requires minimum flows of
0.5 cfs below the Fall Creek diversion and 15 cfs (or natural stream flow,
whichever is less) downstream of the powerhouse.

USGS operated gage no. 11512000 on Fall Creek a short distance downstream of
the Fall Creek powerhouse, the fish hatchery, and the city of Yreka intakes.
During most of 1933 to 1959, the gage recorded a mean flow of 40 cfs and a
minimum flow of 21 cfs. According to data from this gage, flow within Fall Creek
does not vary much seasonally due to a reliable baseflow from groundwater
springs that typically ranges from 30 to 50 cfs. The city of Yreka, California,
operates a water supply intake downstream of the Fall Creek powerhouse and has
water rights to withdraw up to 15 cfs. This facility is the sole normal water supply
for the city and consists of two small impoundments, an intake structure, a pump
and treatment plant, a cathodic protection field, and distribution pipelines,
including the 24-inch diameter transmission main (letter from R. McNeil, Mayor,
city of Yreka, California, to the Commission, dated November 29, 2006 as
referenced by FERC, 2007). Intakes to the currently non-operating Fall Creek fish
rearing facility are below the Yreka intake. Water rights include 10 cfs and 5,465
acre-feet per year between March 15 and December 15 for the Cal Fish & Game
facility and 10 cfs from June 1 to November 1 for PacifiCorp (FERC, 2007).

2.3.6. DOWNSTREAM OF IRON GATE DAM

Downstream of Iron Gate dam, the Klamath River flows freely for 190 miles to its
estuary and the Pacific Ocean. Four major tributaries enter this reach: the Shasta,
Scott, Salmon, and Trinity rivers. These four tributaries contribute about 44
percent of the Klamath River Basin’s mean annual runoff and have a substantial
influence on the timing of peak and low flow rates within the Lower Klamath
River (FERC, 2007).

The daily monthly flow duration data for each month for the Klamath River
below Iron Gate Dam are given in “Appendix A. Flood Frequency Report” and
shown in Figure 2-19. The median flows were between 1,900 and 2,600 cfs
during the months of January through April, and between 700 cfs and 1,000 cfs
for the months of June through August. The minimum flows recorded during the
period 1961 to 2009 occurred in the summer and were as low as 400 cfs. Peak
flows occur primarily from December through March.

The daily flows for the period of record are given in Figure 2-20. There is a
substantial amount of variability in flow from year to year. It should be noted that
the last 10 years have been a relatively dry period.
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Average Daily Flow Exceedances for each Month below Iron Gate Dam
WY 1961 - 2009
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Figure 2-19. Daily flow exceedance percentages for each month below Iron Gate
Dam for Period of Record WY 1961 — 2010 (USGS gage #11516530).
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Daily Average Flow on Klamath River below Iron Gate Dam
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Figure 2-20. Plot of daily average flows below Iron Gate Dam from WY 1961 to 2009.
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2.3.7. SHASTA RIVER

The Shasta River enters the Klamath River at RM 176.6, 13.5 miles downstream
from Iron Gate dam. The Shasta River watershed includes the glaciated slopes of
Mt Shasta, but is largely rangeland with substantial amounts of irrigated
pastureland and agricultural area. The average precipitation in the watershed
varies greatly with exposure and elevation, but is about 15 inches per year due to
the rain shadow effect of the mountains to the west of the watershed. The
hydrograph for the Shasta River near the confluence with the Klamath River
shows a peak in the winter and minimum median flows under 40 cfs during July
and August (FERC, 2007). The current hydrology of the Shasta River is affected
by surface-water diversions, alluvial pumping, and the Dwinnell dam which
creates Lake Shastina. Historically, springs and seeps dominated the hydrograph
of the Shasta River resulting in a cool and stable river flow (NAS, 2004).
Dwinnell dam, about 25 miles upstream from the Klamath River, controls 15
percent of the total drainage area of the Shasta River, The dam was constructed in
1928 and Lake Shastina has a normal storage capacity of 50,000 acre-feet. The
majority of the water in Lake Shastina is retained during the winter and early
spring for irrigation uses during the later spring and summer. Except for above
average and wet water years, the only releases from Lake Shastina are to ensure
sufficient flows to meet downstream water user requirements. Farther
downstream, there are seven major diversion dams and numerous smaller dams or
weirs on the Shasta River and its tributaries. When these diversions are in
operation during the irrigation season, they substantially and rapidly reduce flows
in the mainstem and completely dewater the main channel in some reaches of the
river during the late summer of dry years (NAS, 2004).

2.3.8. SCOTT RIVER

The Scott River enters the Klamath River at RM 143, 47.1 miles downstream
from Iron Gate dam. The Scott River watershed includes the heavily forested and
relatively wet Salmon Mountains on its western divide, but these mountains create
a rain shadow for the rest of the watershed. Similar to the Shasta River valley,
many areas in the Scott River valley have been extensively altered for grazing and
agriculture. Although the Scott River watershed is almost the same size as the
Shasta River watershed, the hydrograph for the Scott River near the confluence
with the Klamath River has 4 to 5 times higher median monthly flows in the
winter and spring months (FERC, 2007). Somewhat similar to the Shasta River,
the minimum monthly median flows near 50 cfs occur during August and
September.

2.3.9. KLAMATH RIVER NEAR SEIAD VALLEY

The USGS gage Klamath River near Seiad Valley (#11520500) is located at RM
128.5, below the confluence of the Klamath River and Scott River. The daily
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flows at various exceedance values for each month near Seiad Valley on the
Klamath are shown in Figure 2-21. The minimum flow during this period was
near 400 cfs during the month of August; which is similar to the minimum
recorded flow at Iron Gate, indicating that during the driest years there is very
little contribution from tributaries between Iron Gate to Seiad Valley. The median
flow is about 3,000 cfs to 5,000 for the months of December through May. The
median flow decreases to about 1000 cfs during July and then gradually increases
to 3,000 cfs by December. The 10 % exceedance flow is at or above 10,000 cfs at
Seiad Valley for the months of January through April.
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Figure 2-21. Daily flow exceedance percentages for each month near Seiad Valley
for Period of Record WY 1961 — 2010 (USGS gage #11520500).

2.3.10. SALMON RIVER

The Salmon River enters the Klamath River at RM 66, 124.1 miles downstream
from Iron Gate dam. The Salmon River watershed is generally steep, forested, and
federally owned within the Klamath National Forest and several designated
wilderness areas. The area is largely undisturbed except for logging, fires, and
mining activity. The Salmon River hydrograph at the confluence with the
Klamath River shows high average flows (3,375 cfs) during January, representing
rain, or rain on snow events that are normally the peak flooding events during the
winter. April and May have a more sustained and consistent spring high flow
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period (median flow, 2,660 and 2,630 cfs, respectively) representing snowmelt
from the higher terrain where a deep snowpack accumulates. The minimum
monthly median flow of about 200 cfs occurs during September (FERC, 2007).

2.3.11. KLAMATH RIVER AT ORLEANS

The daily flows at various exceedance values for each month at Orleans on the
Klamath River are shown in Figure 2-22 (USGS Gage #11523000). This gage is
located below the confluence of the Klamath and the Salmon Rivers at RM 60.
The median flow is greater than 9,000 cfs for the months of January through near
the end of May, and then the median flow gradually drops to less than 2,000 cfs
during the months of August through September. The minimum flow during the
period 1961 to 2009 was slightly less than 700 cfs during the drought of 1992.
The 90% exceedance flow was approximately 1200 cfs during the month of
August and September. The 90% exceedance flow reaches a maximum during the
months of March and April of approximately 5,000 to 6,000 cfs. The maximum
daily flows occur during the months of December through February and have
been above 200,000 cfs during these months.
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Figure 2-22. Historical stream flow statistics for every day of the year at Orleans
on the Klamath River for WY 1961 — 2009, USGS gage #11523000.
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2.3.12. TRINITY RIVER

The Trinity River enters the Klamath River at RM 40, 150 miles downstream of
Iron Gate dam. The Trinity River is the largest tributary to the Klamath River.
The Trinity watershed is generally wet, steep, forested, and federally owned
within several national forests and wilderness areas. The Trinity River hydrograph
at the confluence with the Klamath River show peak median monthly flows near
7,000 cfs occur in February and March, gradually declining to about 600 cfs in
September (FERC, 2007).

A main feature of the Trinity River watershed is Trinity Lake. This reservoir has a
storage capacity of 2.4 million acre-feet and is located 119 miles upstream from
the Klamath River along the main branch of the Trinity River. Both Trinity Lake
and, downstream, the much smaller Lewiston reservoir were constructed in the
early 1960s as part of the Central Valley Project’s Trinity River Division (TRD).
During the first 10 years with these reservoirs and the TRD in full operation, an
average of nearly 90 percent or 1.2 million acre-feet of the annual river flow at the
Lewiston reservoir (drainage area of 692 square miles) was diverted via the Clear
Creek Tunnel to Whiskeytown Lake and then into the Sacramento River system
(Interior, 2000). About 1.1 million acre-feet per year were diverted during 1964 to
1986 and 0.73 million acre-feet during 1987 to 2000 (FERC, 2007).

The TRD has a substantial history of review and revisions to its flow regime. In
1973, the Cal Fish & Game requested that Reclamation release an annual volume
of 315,000 acre-feet to reverse the steelhead and Chinook salmon declines.
However, a combination of flood and drought resulted in a release of 705,000
acre-feet in 1974, 275,000 acre-feet in 1975, and 126,000 acre-feet in 1976; so
Cal Fish & Game was not able to complete a formal evaluation of the effect of the
flows (FWS and Hoopa Valley Tribe, 1999). In 1980, Interior prepared an EIS to
address a proposal to increase stream flows in the Trinity for the goal of restoring
steelhead and salmon populations. Based on this EIS, Interior issued a decision on
January 14, 1981, to conduct the Trinity River Flow Evaluation to study the
effects on fish habitat by increasing annual releases to 340,000 acre-feet in normal
and wet years, and lesser releases of 220,000 acre-feet in dry years, and 140,000
acre-feet in critically dry years. In 1984, the Trinity River Basin Fish and Wildlife
Management Act was signed by Congress, authorizing Interior to develop and
implement a management program to restore the fish and wildlife populations in
the Trinity River Basin to levels that existed prior to construction of the Trinity
and Lewiston dams. The goals of the initial program (FWS and Hoopa Valley
Tribe, 1999) included:

e Improve the capability of the Trinity River Hatchery to mitigate for
salmon and steelhead fishery losses that have occurred above Lewiston
dam.

e Restore natural (instream spawning) salmon and steelhead production in
the mainstem and tributaries below Lewiston dam to pre-dam levels.
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e Contribute to fish harvest management.

e Compensate for deer and other wildlife losses from flooding of habitat and
reduced streamflow resulting from diversions to the Central Valley
Project.

e Develop and implement land management activities to stabilize
watersheds and reduce sediment yield to Trinity River tributaries.

The Central Valley Project Improvement Act of 1992 further supported
restoration objectives and acknowledged the federal government’s trust
responsibilities by specifying minimum releases of 340,000 acre-feet per year
pending completion of a flow evaluation study (FERC, 2007).

The current flow release program from Lewiston dam to the Trinity River is based
on the Trinity River Mainstem Fishery Restoration EIS, completed in October
2000. In December 2000, Interior issued the Record of Decision (Trinity ROD)
for the Trinity River Mainstem Fishery Restoration, but these flows did not go
into full effect until November 2004.

Included in the Trinity ROD, which was based partly on the Trinity River Flow
Evaluation (FWS and Hoopa Valley Tribe, 1999) and other studies, was a
requirement for releases from Lewiston reservoir during the spring and early
summer based on the water year type. Interior states that these flows are necessary
to restore and maintain the Trinity River fishery resources by:

e providing physical fish habitat (i.e., appropriate depths and velocities) and
suitable temperature regimes for anadromous salmonids; and

e restoring the riverine processes that create and maintain the structural
integrity and spatial complexity of the fish habitats.

In addition, the Trinity ROD provides guidelines for mechanical channel
rehabilitation, sediment management, watershed restoration, infrastructure
improvement, adaptive environmental assessment and management programs, and
measures to minimize and mitigate effects (Interior, 2000). The Trinity ROD flow
release schedule is based on five different water year types, as they are
determined on April 1 each year, and the total yearly releases are to be
approximately 48 percent of the natural (pre-TRD) flow at Lewiston dam.

2.3.13. KLAMATH RIVER NEAR KLAMATH

The daily flows at various exceedance values for each month near Klamath on the
Klamath River (USGS gage #11530500) are shown in Figure 2-23. This gage is
sometimes affected by tidal influences during low flow periods. Releases from
Iron Gate Dam still account for nearly 40 percent median flows of the low flow
months of September and October -- close to the drainage area ratio of 38 percent
between Iron Gate Dam and this location (FERC, 2007). During other months,
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especially during the winter and spring, over 85 percent of the hydrograph at this
location is from sources other than releases from Iron Gate Dam. The median
flows are at or above 20,000 cfs for most of January through April and decrease to
approximately 2,000 cfs during August and September. The minimum flows
recorded during the period of WY 1961 to 2009 were approximately 1,400 cfs and
occurred during August and September. The 90% exceedance flows were
approximately 2,000 cfs during August and September. The maximum daily
average flows, as high as 400,000 cfs, occur during December through March.

Figure 2-24 compares median flows throughout the basin at USGS stream gages
throughout the Klamath Bain for the period WY 1961 to 2009. The median flows
at Keno were lowest in July and were between 300 and 500 cfs, increasing to
approximately 700 cfs in August. The median flows at Iron Gate were lowest in
July and were approximately 700 cfs, increasing to 1,000 cfs in August. The
median flows at Orleans were the lowest in August and September and were
approximately 2,000 cfs. The median flows at near Klamath were lowest in
August and September and were approximately 3000 cfs.

Average Daily Flow Exceedances for each Month near Klamath
WY 1961 - 2009
100,000 |
2
-
2
o
(F
10,000 |
1,000 T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Exceedance Percentage =#=99 ==05 =r=00 ==fe=7(0 ==t=50 30 =@=10 5

Figure 2-23. Historical stream flow statistics of the Klamath River at Klamath for WY
1961 — 2009, USGS gage #11530500.
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Historical Median Stream Flow on Klamath River
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Figure 2-24. Median Flows at USGS stream gages on Klamath River for every day of
the year at Keno, below Iron Gate, near Seiad Valley, at Orleans, and at Klamath.

2.4. Peak Flows

A flood frequency analysis at each of the gages and dams is described in
“Appendix A. Flood Frequency Report” and discharge results are given in Table
2-4.

The peak flows at Iron Gate Dam are significantly greater than peak flows at J.C.
Boyle Dam (Table 2-4) because of the tributaries that enter the Klamath River
between the two dams. In particular, Jenny Creek contributes a large amount to
the peak flow during the winter and spring months. The watershed area of Jenny
Creek is 210 mi? and it is the largest single tributary between Keno Dam and Iron
Gate Dam. Downstream of Iron Gate Dam, peak flows continue to increase
substantially as tributaries enter the Klamath River. The 10-year discharge at
Seiad Valley downstream of the Scott River is 56,500 cfs. The 10-year discharge
at the mouth is estimated to be close to 300,000 cfs.

The 2-year and 5-year flood frequency discharges are given in Table 2-5 for the
Klamath River and are graphed in Figure 2-26. The 2-year and 5-year flood
computations for the period of record of 1961 — 2009 were based upon the
exceedance values of 0.5 and 0.2, respectively. This period of record was chosen
because all the gages used in the analysis had data for this period. The 5-year
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flood at J.C. Boyle and Keno reaches were slightly larger than the 10-year floods
computed in the flood frequency analysis of the large floods. This is because a
different period of record was used in the analysis. The larger flood frequency
analysis used a longer period of record that included the 1930s and 1940s which
was a relatively dry period with smaller peak flows.

A longer gage record is available for Orleans and Keno stream gages and the
average peak flows for the periods 1927 to 1961 and 1962 to 2009 are given in
Figure 2-27. The average peak flow was greater during the period 1962 to 2009
than from 1927 to 1961 for both gages. The period between the 1930s and 1940s
was relatively dry in this basin and the river experienced correspondingly small
peak flows.
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Table 2-4. Flood Frequency analysis on Klamath River for 10-year to 100-year
floods based upon full period of record of each gage.

Gaging | Drainage Discharge (ft*/s)

Station | Area (mi) Gage 10-yr 25-yr 50-yr 100-yr

Base Flood Flood Flood Flood
Keno 3,920 4,000 8,642 10,350 11,200 11,800
Boyle 4,080 4,000 9,058 11,050 12,220 13,150
Copco 4,370 5,400 10,750 12,720 13,730 14,470
Iron Gate 4,630 N/A 15,610 21,460 26,280 31,460
Seiad 6,940 N/A 56,540 93,400 131,000 179,300
Orleans 8,470 N/A | 163,100 230,300 287,000 348,900
Klamath 12,100 N/A | 298,300 392,900 466,900 543,300

Table 2-5. Flood Frequency on Klamath River for 2-year to 5-year floods for the
period of record from 1961 — 2009.

. . Discharge (ft*/s)
Gaging Drainage Median | Average 1.5-yr 2-yr 5-yr
Stati A i2 - j j
ation rea (mi°) Flow Flood Flood Flood Flood
Keno 3,920 1,180 5,593 3,350 5,290 8,920
Boyle 4,080 1,250 6,049 3,520 5,100 9,396
Iron Gate 4,630 1,370 7,978 4,380 6,030 10,980
Seiad 6,940 2,700 28,569 11,000 17,600 39,960
Orleans 8,470 4,870 93,998 56,000 63,500 142,600
Klamath 12,100 9,980 183,802 | 116,318 154,000 273,600
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Figure 2-25. Flood-frequency recorded at USGS gages on Klamath River.
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Figure 2-26. Flood frequency recorded at USGS gages on Klamath River for Floods
with a Return Period of 5-years and less for the Period of Record 1961 — 2009.
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Figure 2-27. Historical peak flows at Keno and at Orleans on the Klamath River.
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