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E2.3.1.3 Sedimenfation

According to Brown and Thorp (1947), total sediment volume deposited in Bass Lake by |
1946 was 382 acre-feet. Assuming that deposition continued at the same annual rate, the
sediment volume in 1984 would have been aBout 700 acre-feef, equal to 1.5 percent of
the active storage volume of Bass Lake. Sand depésits have formed at the NFWC inflow
to Bass Lake, near fhe Falls Day Use Area. The grain size of this sediment varies widely,

from coarse silt to gravel.

E2.3.2 Crane Valley Project Waters Below Bass Lake

E2.3.2.1 1984 Water Temperature Data

@m tempeféture studies conducted in 1984 by Woodward-Clyde -Consultants ar_e_J

@FEozeman et al. (1985). Water temperatures were recorded continuously-at12
(Figure E2.3-1)in the existing Project system downstream of Bass Lake during

fhe summer of T984. These data were utilized, along with meteorological and flow data,

to calibrate and validate the USFWS stream temperature model for selected stream
segments. This model was used to simulate daily mean and maximum stream
temperatures for a range of potential release flows. Temperatures were simulated for

both normal and extreme meteorological and hydrological conditions.in July, August, and

m[Mject streams were divided iﬁto four hydrologically-deﬁned sections foT}
@ (1)YINEWC below-Bass-Lake; (2) NFWC below Manzanita Lake; (3)(SFWG

[b‘e‘low Browns Creek Diversion Dam; and (4) Willow-Creek_below_the confluence of
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SFWC and NFWCThe model was also used to simulate temperatures in-Manzanita -

Lake to estimate downstream release temperatures.

The most critical season for both water quality and fisheries in existing Project waterways
is summer, when temperatures are highest and flows are lowest. Daily mean and

maximum temperatures in existing Project reservoirs and waterways during summer and

‘early fall 1984 are summarized in Table E2:3=3;and -Figurcs E2.3-4a and E2.3-4b.

Meteorological data indicate that 1984 air temperatures were higher than normal. NFWC
water temperatures were measured downstream of Bass Lake, upstream and immediately
downstream of Manzanita Lake, at the downstream end of Manzanita Lake, and upstream

of the NFWC Diversion Dam.
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TABLE E2.3-2 (Continued) -

Ranges of Water Quality Parameter Values for Waterways Below Bass Lake' '
. Oxygen Alkalinity Hardness Qiland

Station _ Temperature Dissolved Saturation (as CaCO3)  (as CaCO3) Grease
No. Location (°C) (mg/l) (%) (mg/1) (mg/l) (mg/
6 NFWC below Bass Lake 0.2-21.0 8.1-10.2 93-106 16.0 - 19.5 10.0-18.3 0.5-5.5
8 NFWC above Manzanita Lake 1.0-219 7.5-11.3 90 - 100 11.0-23.0 11.4-17.2 <0.1-1.0 -
9 Manzanita Lake 1.5-25.0 76-105 - 85-96 1.75 - 15.0 8.5-13.7 <0.1-45
16 NFWC above No. | Conduit 20-265 8.6 -10.7 96 - 108 33.0-93.0 21.0-455 04-25
13 Willow Creek above 2.0-29.0 87-11.6 95-112  18.0-21.0 11.4 -25.7 <0.1-25
San Joaquin River .
5 SFWC above Browns Creek 1.5 - 20.0 88-126 96 - 102 10.0 - 13.0 52-86 <0.1-2.5
Diversion Dam ' E /"
- . ’ . 7/ P
17 SFWC above No. 1 Conduit 05-25.0 78-104 - 86-98 19.8-62.0 12.9-17.1 09-35 / .
12 No. 1 Conduit downstream of San * _ 8.1-108 94 - 99 6.5-40.0 10.4 - 18.1 05-4.0
Joaquin No. 2 Powerhouse tailrace : :
7 No. 3 Forebay * 7.0-10.3 84 -98 7.5-13.0 9.0-102 06-<10
1 No. 2 Forebay v R 7.8-9.3 94 - 104 45-220 9.0-14.0 1.1-3.0
15 Corrine Lake ' * 9.0-10.2 99-111  7.0-47.0 10.2-17.0 03-4.0
14 Kerckhoff Lake (FERC No. 96) : * 93-116 94 - 104 5.0-43.0 - 7.2-125 <0.1-3.5

Water Quality Criteria2 , -—- 3.0-95 - 20 (min) --- -
: (min)? '

I Source: Bowie, 1985.
2 Water quality criteria from Central Valley Basin Plan and USEPA Amblent Water Quality Criteria— maximum or range of maximum values

are shown unless otherwise noted.
3 All June 1984 samples for Cu were below the detection limit of 0.05 mg/l; therefore, the numbers listed here are from August 1984 and
March 1985 sampling periods.
--- Not applicable.
* No data available.
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In addition, a temperature recorder was placed in the Crane Valley Powerhouse tailrace,
because this .locationwis a source of potential release flows to NFWC. The tailrace and
Manzanita Lake temperatures are controlled (usually cooled) largely by Bass Lake

discharge water temperatures when the existing Project is in operation.

Bass Lake discharge temperatures tend to be low during early summer, when the existing

Project intake draws from the hypolimnion. As summer progresses, discharge

temperatures increase gradually through mid-summer due to heating of lake waters,
followed by a fairly rapid increase during August and September, when the thermocline

reaches the bottom of the intake tower.

Temperatures in the Crane Valley Powerhouse tailrace and Manzanita Lake reflected
temperatures in Bass Lake, and increased throughout the summer of 1984, reaching daily
means of about 20.5°C (68.9°F) and 22.0°C (71.6°F), respectively, during mid-
September. Daily maximu;n water temperatures were only sli.g.htly higher, and were
generally within 1.5°C of the daily means. During powerhouse outages, however,
temperatures at both locations rose sharply, due to heating of water at both locations and

reduced inflows of cool water from Bass Lake to the Crane Valley Powerhouse intake

and Manzanita Lake.
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- TABLE E2.3-3

(Ra-nges—in‘Dma'ﬁiMean_T.empex:a-tu-res—in—Project~W?-t’e?s>
—~—~— ) .

June - October 1984!

Daily Maximum Daily Mean
_ , ) Temperatures Temperatures
Station _ © (Degrees C) (Degrees C)
1. SFWC Above Browns Creek Diversion Dam i | 5.8-20.0 | 5.3-18.7
2. SFWC Below Browns Creek Diversion Dam 8.0-22.5 7.7-21.1
\ 3. SFWC Above SFWC Diversion Dam 9.8-25.0 8.0—24.3
4. Crane Valley :lsowerhouse Tailrace © 8.0-25.5 8.0-20.6
5. NFWC 0.2 km Below Bass Lake | ' 11.7-21.0 11.6-20.8
6. NFWC Above Manzanita Lake 92219 8.6-21.0°
7. Manzanita Laké 12.0-24.5° 117-23.7°
8. NFWC Below Manzanita Lake : : 11.3-25.5 - 11.1-24.2
9. NFWC Above NFWC Diversion Dam . 10.0-26.5 9.5-24.1
10. Willow Creek Below NFWC-SFWC Confluence 9.4-27.5 8.7-26.9
at Licensee Gauge W-26 ’ :
11. Whisky Creek Above Confluence with Willow Creek  10.1-25.9 . 9.3-23.9
12. Willow Creek Above San Joaquin at USGS Gauge 21.0-29.0° 19.4-26.3°

No. 2465

Source: Bozeman et al., 1985 )
Higher temperature occurred during powerhouse outage.
Based on partial record. Instrument stolen prior to August 1984.
Based on partial record. Instrument malfunctioned July 31, 1984.

A w o -
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Summer flows in NFWC between Bass Lake and Manzanita Lake originate primarily as
seepage from Crane Valley Dam, with some accretion downstream. Flows are typically
low and constant and, during summer 1984, were on the order of 1 to 2 cfs or 1es$,
Temperatures at the upétream end of the reach were fairly constant, With' daily means
'slightly above 20°C (68°F) during most of July; and dropping somewhat through August.
NFWC waters were heated as vthey moved downstream during most of the summér,

typically increasing 2°C to 4°C by the time they reached Manzanita Lake. Temperatures

dropped as the stream entered Manzanita Lake and mixed with cooler flows discharged

throﬁgh San Joaquin No. 3 Powerhouse tailrace.

Summer flows in the reach of NFWC below Manzanita Lake are usually'cxtremely low.
They origiﬁate primarily as seepage from Manzanita Lake Dam, with some accretion and
ldcal area runoff. From July to September 1984, mean monthly flows ranged from 0.2 cfs
to 0.4 cfs. The low flows resulted in warm temperatures, with maximum daily means of
over 24°C (75.2°F) in July 1984 at both ends of the stream reach. Temperatures‘reached
daily maximums of 25.5°C (77.9°F) to 26.5°C (79.7°F). These maximums were within
1.5°C of the daily means of the upstream station (below Manzanita Lake), and were about
2°C to 3°C warmer than daily means at the downstream station (above the confluence
with SFWC). In August 1984, under normal operating conditions, temperatures were
also consistently higher at the downstream station. The thermal model of this portion of

NFWC indicates that temperatures increase rapidly over the first half of the reach. Due to
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additional shading and cool groundwater accretion, temperatures in the downstream half

of the reach level off and vary only slightly.

During the summer of 1984, daily rﬂean temperatures in SFWC were coolest upstream of
Browns Creek Diversion Dam, increased rapidIy just below the diversion, and continued
to inerease downstream to its confluence with Peckinpah Creek, where cooling water
" tended to reduce temperatures. Below Browns Creek Diversion Dam, low flows result in
g’rapid temperature increase. In 1984, mean monthiy flows ranged from 0.2\to 1.9 cfs
during most of the summer, inciuding flow- releeses by Licensee (Pacific Gas and
Electric, unpublished data). Model simulations show that temperatures increase rapidly
for the first 2.2 miles below Browns Creek Diversion Dam, and gredually decrease over
 the next 2.5 miles c_jue to shading. A sudden drop in temperature occurs 4.7 miles belov_vv
, Bro@ns Creek Diversion Dam, as cool water enters from Peckinpah Creek. A.marked
decrease in shading 0.6 miles further downstream, however, again causes temperatures to
increaee rapidly. Méximum temperatures recorded during 1984 rangeﬁ from 20°C
.(68.0°F) to A25°C (77._0°F), and daily means were as high as 18.7°C (65.6°F) to 24.3°C
(75.7°F). Daily maximum temperatures were generally within 1.5°C of daily mean

temperatures.

‘Willow Creek is the warmest of the Project stream sections during the summer. High

temperatures result from warm upstream temperatures, low flows, and a relative lack of

shading. Flows in upper Willow Creek were 0.3 cfs or less during summer 1984, Based
E2-43
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on model simulations of low flows, watér temperatures respond rapidly to solar heating
and increase quickly with distance downstream. Willow Creek temperatures change at its
confluence with Whisky Creek, where 2.0 to 3.2 cfs of water enter the stream in the
summer. Whisky Creek is the main source of flow in the lower portion of Willow Creek
during the summer. After decreasing at the 'Whisky Creek confluence, temperatures
increase downstream to the»end of Willow Creek. Maximum temperatures recorded in
1984 in Willow Créek ranged from 27.5°C (81.5°F) at Gauge W-26 about one mile below
the NFWC-SFWC confluence, to 29°C (84.2°F) near the confluence with the San Joaquin
River. The maximum 1984 temperature measufed in Whisky Creek above the confluence
with Willow Creek was 25.9°C (78.6°F). Daily means at Gauge. W-26, Whisky Creek,
and Willow Creek above the San Joaquin confluence were as high as 26.9°C (80.4°F),
23.9°C (72.2°F), and 26.3°C (79.3°F), respectively. Daily mean temperatures wére
greater than 20°C (68°F) at all three monitoring stations throughout most of the summer.
Maximum daily temperatures were within 1.5°C of daily 'means in upper Willow Creek,
but were 2°C greater in Whisky Creek upsfream of its conﬂuenc.:e with Willow Creek, and

were 2°C to 4°C greater in lower Willow Creek.

E2.3.2.2 1985-1996 Water Temperature Data

This section presents stream flow and temperature data collected and simulated from

1985-t0_1996 for Project waters downstream of Bass Lake. If includes methods of data

collection, and an overview of the findings. The data were used to develop stream
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segment-specific predictions and hypotheses that were tested under altered flow study

conditions from 1993 to 1996 (Studley et al, unpublished data) .

Stream flow data were collected at several continuous recording stations and staff gages
operafed by the Licensee. Gages used in thi}s study included W-1 (Browns Creek

conduit), W-3 (NFWC below Bass Lake), and W-28 at SFWC below Browns Diversion. |

Daily mean stream flows for each stream segment were computed in the following
manner: SFWC above Browns Diversion (W- ll phis W-28), SFWC below Browns
Diversion (W-28), and NFWC below Bass Lake (W-3). Daily mean stream flows for each
stream segment were used to compute the following low-flow values for two time periods
(April-June and July-September), for use in a correlation analysis with fish populations
and habitats: minimum, mean, median, 5-day minimum (i.e., the highest flow during the
lowest consecﬁtive 5-day, low-flow period), 10-day minimum, and 21-day minimum.
The high-flow values computed from daily mean flows on an annual basis wére
maximum flow, and 3- and 5-day maximum (i.e., the lowest flow during the highest 3-
and S-aay, high-flow périods). Daily mean ﬁows were also used to compute monthly
mean and median or seasonal ﬂoWs. At mostvlocations, stream flow data were recorded
every 15 minutes and meah daily flows were ;:alculated. Flows were then determined for
various time steps, and mean daily flows were also used with stream and air tempe\rature

data to simulate missing stream temperature data.
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In the uncontrolled stream segment SFWC above Browns Diversion Dam (historical
flows are from Owusu 1985 and Trihey 1985b), median monthly flows in 1985 were
relatively equa]vto hi.s;toriéal median flows (historical flows based on 1968-1984 water
years; see PG&E 1986a. In 1986, median monthly flows were higher than historical
median ﬂo.ws in 10 of 12 months, and were higher than 10% exceedance flows in 4 of 12
months (February-May). Ten percent exceedance flows are relatively high flows that are

equaled or exceeded 10% of the time. Conversely, median monthly flows for 1987-1992

water years exceeded historical median monthly flows in only 4 of 72 months.

Tables E2.3.2al through 6 present additional flow data for each stream segment including
(1) tables of historical mean and median monthly flows for each stream segment; (2)
tables of mean and median monthly flow data; (3) tabies of mean daily flows; and (4)
tables of flow data based on different hydrologic time steps (minimum, mean, median,
and maximum seasonal flow; 5-, 10-, and 21-day annual minimurﬁ flow; and 3- and 5-

day annual maximum flows).
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Temperatures

(Stream témperatures were monitored_with Omnidata-Model-112-temperature recorders.at
Stréam tém _Omnidata-Model™I'T2"temperature rec

. m& (Monitoring_occurred in all-years-from—1984 t0 1992, except'l'98'5f3

/__‘_M . _—._: — .. ’ . .
when no_temperature-data were _collected. “Specially made Omnidata program chips were

used to allow temperatures to be measured tb the nearest 0.1°C (Bozeman 1986a, 1986b).

Stream temperature was monitored at the following locations in each stream segment:

thm@ﬂv 10.0), SEWC below Forest Service Road (SfW 5.8
and 7.7), amd NFWC below Bass Lake-(NPW 6.4 during 3 years; NfW 11.0 in all years
except 1984, when only the seepage from Crane Valley Dam was monitored).» Additional

stream temberature dété were collected in Saﬁ Joaquin Ditch #3 to monitor temperatures

at the water source that would be used for increased instream flow studies in the stream !
segment NFWC below Bass Lake.

o e —— -
Stream flow and-teffiperature_data-are-summarized in_Tables E2:3:26-2 and E2.3.2b6-3%)

(The data wds_coll.ccted_Qn;a;dallly~basis_at_differ_e:‘nw. The tgmperatufes
recorded exceeded 20°C for more than 13 days in 1989, 1990, and 1995 at NfW 11. For
SfW 58 & 7.7,I which is a cc;mbination of data collected at both sites, the temperature
~ exceeded 20° C for more than 15 days thru the years 1987 to 1990, and also in 1992,

- 1994, and 1996. The warmest and most 20 degree exceedance temperatures were

recorded in 1988.
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TABLE E2.3.2b-2
NFWC below Bass Lake (NfW 11) (1986-1996) N F.
Min. Flow Max. Flow  Min. Temperature  Nax Temperature

Year (cfs) (cfs) Q) N (6} Days over 20 °C
1986  0.16 2100 4.7 © 206 1

1987  0.16 3.8 3.6 , 20 1
1988 0.24 2.8 4.38 20.6 2
1989 0.0l 1.5 4.3 208 16
1990 0.17 22 3.4 )22 V! o
1991 0.15 26 - 3.9 20 4 2 g
1992 0.19 3.3 4.63 < 198 0 s
1993 0.49 493 - 3.86 18.69 0
1994 3.9 152 527 17.86 0
1995 3.1 2200 4.94 82255 14
1996 32 423 " 5.33 116.93 0

Source: Studley et al., unpublished data. ,9~/ / (

‘ U/’J/ Jho
TABLE E2.3.2b-3 WWV
SFWC below Forest Service Road (STW 5.8 & 7.7) (1986-1996)_) d
L\
Min Flow Max Flow  Min Temperature ax Témperature

Year (cfs) “(cfs) [&(9)] ggggg_/} Days over 20 °C
1986~ - 0.5 1200 3.6 Y2036 4
1987 0.4 190 4.54 o 22 16
1988 0.2 25 4.17 -, 23.01 54
1989 0.2 90 3.07 o 21.8 18
1990 0.3 13.8 4.15 e 22:5 32
1991 0.2 282 3.54 . 218 12
1992 0.21 28 3.51 ¢ 224 27
1993 1.2 204 1.52 20.63 6
1994  0.39 53 1.29 v 21.29 28
1995 2.6 524 2.36 2022 Q@ / 1 5
1996 1.8 598 2.36 o 22.03 21

Source: Swdley et al., unpublished data.

Several stream temperature statistics were calculated for each stream segment from 1986
to 1992, for use in the correlation analysis with biological variables: number of days over
20.0°C by year; number of degree days over 20.0°C by year; number of degree days over

0°C by year; and mean, median, and maximum temperatures for April through June and
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July through Septembef (degree days were computed for a given year by subtracting 20

from the daily mean temperatures and then summing the non-negative values). Since all

monitoring site data sets within a stream segment were not necessarily complete, missing

values were simulated.

Synthesis of Missing Temperature Records

Missing values in the temperature records were replaced with synthesized values.
Missing temperature data résulted from instruments not being deployed Aat all times at
some sites, instruments being vandalized' or .out of service, opergt_c_)r error, and

temperatures below the 5°C minimum read by some Omnidata program chips. The

percent of measured daily temperature data for the 2,557 days (1986-1992) is summarized

in Table E2.3.2b-4.

TABLE E2.3.2b-4

-

" Number and Percent of Measured Daily Temperature Data

Number of Measured Daily Temperature Values
(Percent of Total Days)

Station ‘ April-June July-September October-March
SFWCRK 7.7 288 (45%) 541 (84%) 553 (43%)
SFWCRK 5.8 246 (39%) | 447 (69%) 189 (15%)
NFWCRK 11.0 : 353 (55%) 573.(89%) : 512 (40%)

Source: Studley et al., 1995,
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Missing temperature values were synthesized using regression against other measured
variables. At each station, regression models were determined using the measured mean

daily temperatures, and then used to éynthesize the missing temperature values.

At NfW 11.0 (below Bass Lake), the regression models were incapable of estimating

temperatures with adequate accuracy during periods in 1986, when spillage from Bass Lake

occurred. Spill flows occur rarely, but when they do occur, the flow fate increases by

several orders of magnitude, with obvious effects on temperature. For March 1 through
April 1 1986, stream temperature was estimated to increase at a steady rate from the value
simulated for February 28 to the value simulated for April 2. For June 1-12, 1986, the

temperature was estimated to be 18°C.

Alr temperatures were available from several sources. U.S. Weather Service values of daily
maximum, mean, and minimum air temperatures were obtained from the three statidns
nearest Crane Valley (Kern River Powerhouse, Ash Mountain, and Yosemite Park
Headquarters). The best air temperature record to use was determined by which air
temperatures correlated best with water temperatures at the study sites. A correlation of the
Ash Mountain and Yosemite data with water temperatures at SFWC SfW 5.8 and 7.7
showed that the Yosemite Park daily mean air temperaturés were the best predictors of

water temperatures at the Crane Vélley sites (Table E2.3.2b-5).
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. P Y Y17
Water Quality Data for SfW 7.7 (1986-1996)

TABLE E2.3.2d-1

(DATE } AirTemp. TIME (H,OTemp. Y pd CND  D..
77971986 - 1030 —19.0—— - 35 84
10/21/1986 15.0 1035 9.5 7.2 18 10.4
12/17/1986 5.0 0930 5.5 7.7 25 11.5
1/31/1987 20.0 1030 5.5 - - 11.0
4/13/1987 - 1230 11.5 6.7 - 35 -
6/18/1987 - - 19.0 7.7 25 9.0
9/11/1987 - - 17.5 - 30 15
12/11/1987 10.0 - 8.5 8.0 50 8.8
2/27/1988 14.5 1500 10.5 8.5 70 9.2
. 4/18/1988 19.0 1950 15.5 74 70 9.4
6/15/1988 28.0 1530 ° 19.0 7.8 50 5.7
10/8/1988 18.2 0930 8.1 8.1 43 8.6
12/18/1988 4.0 1450 6.0 - 30 11.6
2/21/1989 13.0 1300 9.0 6.8 - 10.2
4/1711989 23.0 1700 . 205 6.7 47 8.9
© 6/4/1989 - - 17.0 - 50 8.3
- 10/24/1989 13.6 - 11.2 6.8 22. 8.1
12/13/1989 9.8 1410 6.0 71 18 10.7
2/10/1990 9.5 1400 1.5 7.0 15 10.8
~4/23/1990 " 20.0 - 13.0 6.8 30 8.8
6/11/1990 24.0 1330 23.0 7.2 30 -
10/20/1990 12.0 1130 11.4 6.8 20 8.3
2/23/1991 16.0 1310 10.0 7.2 20 10.0
4721/1991 16.0 - 9.0 6.8 . 15 10.7
6/7/1991 24.0 - 17.0 6.5 100 7.5
10/20/1991 17.1 1130 14.0 7.0 28 6.4
2/23/1992 15.5 1300 8.0 6.9 20 -
4/15/1992 18.0 - 1135 9.8 7.1 15 -
6/12/1992 17.0 0930 17.0 6.8 25 -
10/11/1992 23.0 1130 15.0 6.8 27 74
2/20/1993 i.0 0930 2.0 7.2 11 11.2
4/29/1993 20.0 0910 5.5 73 10 10.6
6/27/1993 30.0 1340 18.9 7.1 22 -
10/2/1993 17.5 0925 14.0 7.5 22 8.6
3/1/1994 16.0 1300 6.0 7.0 20 11.4
4/15/1994 19.5 1620 14.5 7.1 20 8.4
6/6/1994 18.5 1115 14.0 7.7 20 8.6
9/24/1994 23.0 1600 18.0 6.6 30 7.1
4/11/1995 10.0 1030 5.5 7.1 12, 10.4
8/8/1995 23.8 1219 18.3 7.4 23 8.8
10/20/1995 25.5 1430 18.0 7.4 20 10.2
4/14/1996 -- 15.0 1400 8.0 73 12 10.5
6/22/1996 20.0 1430 17.0 7.1 20 8.8
10/3/1996 24.0 1530- 15.5 7.3 21 8.6
Source: Studley et al., unpublished data.
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| NEwe below
TABLE E2.3.2d-2 . Bass lake.
Water Quality_]_)g_t_z_l_fgr_N.f-Wfl-l“.O’(‘l'9'8'()fl‘9—§g)_)
W AIR Temp. TIME /H2O0Temp pH CND  D.O.
711071986 - 1555 —215— - 25 8.2
10/20/1986 - 0900 9.5 7.6 30 7.5
12/16/1986 - 1450 6.5 6.9 35 10.0
2/1/1987 6.0 1600 7.5 - - 9.4
4/12/1987 - 1800 12.5 6.7 35 -
6/18/1987 - - 20.0 7.7 30 9.6
9/11/1987 - - 15.5 - 35 8.9
12/12/1987 5.0 - 7.5 7.5 255 .
2/27/1988 75 1000 9.0 85 318 113
4/18/1988 8.4 1130 9.8 7.7 115 9.8
6/16/1988 22.0 1239 19.8 7.4 42 9.0
10/8/1988 - - 18.0 75 45 84
12/19/1988 5.0 1000 7.0 - 40 8.0
2/22/1989 13.0 - 0920 8.0 6.8 - 8.7
4/18/1989 20.8 1100 14.5 5.5 130 9.9
6/5/1989 17.0 1220 15.0 - 29 8.7
10/19/1989 12.2 1522 12.2 6.7 42 9.2
12/12/1989 7.0 - 5.5 73 35 102
2/9/1990 8.5 1340 6.0 7.0 32 10.0
4/22/1990 21.0 1430 16.0 7.2 30 102
6/12/1990 24.0 1445 18.0 6.9 30 7.9
10/19/1990 21.0 1715 13.4 7.4 40 9.3
2/23/1991 16.0 1530 10.0 73 40 9.8
4211991 | - 140 - 11.0 7.0 30 10.2
6/7/1991 260 . 17.0 7.0 30 10.4
10/20/1991 18.9 1350 14.0 7.1 40 8.3
2/23/1992 14.0 1545 9.5 6.9 55 -
4/15/1992 13.5 1230 9.5 7.5 70 -
6/11/1992 21.0 . 21.5 7.1 35 -
10/11/1992 28.9 1500 122.0 7.0 43 7.4
2/20/1993 7.0 1300 5.0 74 20 10.6
4/29/1993 194 1045 11.7 7.3 22 8.6
6/27/1993 26.7 1610 14.4 7.4 22 -
10/1/1993 12.0 0750 8.0 7.3 23 9.8
3/1/1994 6.0 0845 5.5 7.2 21 10.8
4/16/1994 24.0 1110 10.5 73 22 10.0
© 6/5/1994 26.0 1615 12.0 7.2 23 8.8
9/24/1994 23.0 1415 12.5 7.0 30 9.8
4/11/1995 - . - - . -
8/8/1995 278 1530 16.7 7.3 20 8.2
10/20/1995 19.0 1200 16.0 74 23 9.0
4/14/1996 17.5 1630 7.5 13 19 11.0
6/22/1996 19.0 1600 17.0 7.2 18 8.0
10/3/1996 30.0 1330 11.0 7.2 21 8.8
Source: Studley et al., unpublished data. '
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TABLE E2.3.2b-5 Air/Water Temperature Models

) : Number of Values
Station Variables in Model" RMSE _(°C)’ Synthesized
SFW 7.7 Air temperature at Yosemite, log(flow)  04-13 ' 1015
SfW 5.8 Air temperature at quemite, log(flow) . 0.7-1.2 661
(May-Nov)
Nfw 11.0 Air temperature at Yosemite, log(flow) 0.7-1.5 1004
: (flow not included in all months)

" Root mean square error (standard deviation) of regression residuals. This is a measure of the average
error in predicted temperatures. The lowest value is for the month with the lowest RSME. The highest
value is for the month with the highest RSME.

Source: Studley et al., 1995,

Stream Temperature Model Analysis

During relicensing studies, the stream network water temperature model (SNTEMP) was -
used to analyze downstream temperature changes with alternative operations (reiease
flows) at diversion dams associétcd with Licensee's Crane Valley project (Bozeman et al.
1985a, 1985b). The model predicts longitudinél, crqss;section averaged, daily mean, and

daily maximum temperatures throughout a stream network. A complete description of

SNTEMP is provided by Theurer et al. (1984).

Stream Temperature Model Predictions

Plots of stream temperature data (mean, minimum, and maximum daily values for
measured data; meaﬁ values for simulated data) and air temperature .d_ata (maximum daily)
collected from 1984 to 1992 ére provided in Appendix 3C. Stream temperature data were

collected during relicensing studies in 1984, but not in 1985. Stream temperature data
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collection resumed in‘ 1986 (the data recorders were often at different locations than in
1984) and continued through 1992 (data recorder locations varied little during this period).
Data collection varied between years in the number of days and locations sampled.
Consequently, daily minimum, mean, and maximum Stream temperatures are not

necessarily available for all stream segments or for all months of a given year.

- E2.3.2.3 1984-1985 Water Quality Data

Water quality data for existing Project waterways below Bass Lake are surhmarized in
Table E2.3-2. Data are drawn primarily from water samples taken during 1984 and 1983
at 12 locations in Project‘ streams, conduits, forebays, and reservoirs (Figure E2.3-1).‘ :
Little additional historical information is available for these waterways.

Samples were taken during three seaslons, reflecting: (1) late-spring conditions, before th;
main recreation season; (2)-late-summer, peak-recreation conditions; and (3)‘ late-winter,
high-flow conditions. All samples were analyzed.at the nearest state-certified water
quality laboratory (Twining Laboratories), located in Fresno‘, in accordance with USEPA

guidelines.

Water quality samples were taken a short distance upstream of the various diversion
dams, where they represent conditions both in the streams and at the upstream end of
each diversion conduit. Forebay samples reflect conditions at the downstream ends of the

conduits. Project reservoirs below Bass Lake are small and have short residence times.
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proposed Project operation practices. Current background levels of hazardous materials

(e.g., oil and grease) are low, even during peak recreation use of Bass Lake. %

Pesticide Use
Licensee recognizes and observes the current USFS moratorium on herbicide use on &r

 USFS lands. Licensee applies herbicides on Licensee's land in its éwitchyards at Wishon

Powerhouse, San Joaquin No. 2 Powerhouse, and San Joaquin No. 3 Powerhouse.

Although small amounts of herbicide could enter Project waters, the lethal dose for fish

and other animals is at least an order of magnitude greater than what is expected to result

from standard applications. Rodenticide (bait) is not expected to enter Project waters.

No net impact on aquatic fauna is expected. -

Temperature

Temperatures in NFWC and SFWC will be reduced below previous project conditiotis by]

| |

the increased flow releases proposed in E2.4.3. However, low flows and the{ ‘l
-

unavailability of cool release water in. September will result in stream temperatures in fl

portions of Willow Creek above those needed for long-term trout growth and
reproduction, and occasionally will result in temperatures above upper ihcipient lethal

limits. Simulated daily maximum temperatures in Willow Creek, at the flows proposed

daily means range from 8.7°C (47.7°F) to 26.9°C (80.4°F). The biological significance

in Exhibit E3, Section 3.3.1, range from 9.9°C (48.9°F) to 27.5°C (81.5°F), and simulated ,
I
of these temperatures is ‘dis_cussed in detail in Exhibit E3. E
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Based on these surveys, species compogition, distribution, and relative abundance were
summarized for each stream segment. Trout length-frequency distributions were
calculated in ten millimeter (0.4 inch) increments, anclﬁsh densities (number per hectare)
and biomass (kilogram per hectare) were computed for Browns Creek Conduit Spill

Channel.

Studley et al., (1995) sampled at 10 electroﬁshing stations. The sampling was conducted
over an eight year period from 1985 to 1992 located within four stream segments (Figures
E3.1-2 and E3.1-3). Three electrofishing stations are located upstream of Browns
Diversion Dam, five elecfroﬁshing stations are located in two segments below Browns
Diversion Dam, and two stations are located in the NFWC. Price, (2000) conducted
quantitative electrofishing surveys of 4 stations in Willow and Whisky creeks using a

multiple pass removal method in October 2000 to determine the status of sensitive

hardhead in these areas. The term “sensitive” is a Forest Service designation indicating

that the hardhead 1s recognize.d as a sensitive species by the Pacific Southwest Region of

the U.S. Forest Service.

Temperature Studies

Water temperatures in the existing Project system were studied in.detail because of their
importance in limiting fish populations in the Willow Creek drainage. Detailed water
temperature monitoring and simulation results are présented in Bozeman et al., (1985)
and are discussed in Report E2 of this amended application. The effects of stream
temperature on rainbow and brown trout were analyzed.

E3-6

Crane Valley Project, FERC 1354
© 2001, Pacific Gas and Electric Company

-,.—.« . -.u J _ u

—_



g i
=~ B

o

'Browns Creek
Diversion Dam

Legend
® Fish Population Station

wm Dam

FIGURE E3.1-2
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Longitudinal stream temperatures for each stream segment were simulated and compared
fo criteria for long-term exposure and grbvﬁh and to upper incipient lethal temperatures
for brown and rainbow trout. These criteria were used to develop estimates of the
percentage of each stream segment length with usable water temperatures. A stream
leng_th (0.1 kil‘ometer section) was considered to be unusable if its daily maximum
temperatﬁre reached or exceeded 25°C (77°F) (the upper incipient lethal temperature for
rainbow trout) or if daily mean temperatures reached or exceeded 20°C (68°F) (the long-

term exposure and growth criterion).

A wide range of potential .release flows were evaiuated using simulated temperature
forecasts. Both normal hydrologic and meteorologic conditions and extreme (hot and
dry) conditions were analyzed. Stream. temperatureS were e\}aluated for flows ranging
from 0 to 50 cfs. A major assﬁmption made in forecasting temperatures for NFWC and

Willow Creek was that the temperature of the water discharged from Bass Lake would be

the same as that observed in 1984.

Instréam Flow Studies -

Instream flow study results describe habitat availability (weighted usable-area) as a
. function of streamflow by assessing its response' to variation in flow-dependent variables.
Studies were conducted in portions of the Willow Creek drainage affected by existing

Project operations. Methodologies and applications were selected during scoping
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and the outflows of each stream reach. Meteorology data were collected
onsite at San Joaquin No. 3 Powerhouse and at PGandE Gage W-26, so that
the data used would be representative of the study area. Stream geometry
and structure data wété collected ohsite utilizing both ground-level and
aerial data collection. All parameters necessary for calibration of the
USFWS stream temperature model (SNTEMP) were collected in and near each

of the stream reaches to provide accurate modeling of stream temperatures.

A3.2.2 STREAM TEMPERATURES
Temperature data were collected by means of Omnidata Model—112
temperature recorders installed in underwater housings and placed.ip

armored steel casings to reduce vandalism and theft. The steel casings
were chained and locked to steel plateé that were epoxied to large '
boulders or bedrock. At initial deployment the units contained the
standard Omnidata temperaturé recording program, which rounds the
measured temperature to the nearest 0.5°C, providing an accuracy of

+ 0.25°C. -That program was subsequently replaced in order to record

temperatures to the nearest 0.1°C. Prior to and during installation, and

at each subsequent service date,‘all-units were checked for calibration
with an ASTM standard thermometer certified traceable to the Natiomal

Bureau of Standards.

The temperature recorders stored information on data storage modules
(DSMs) which have erasable, programmable, read-only memories (EPROMs).
These DSMs are nonvolatile; that is; they retain the storage of
information even if the recorder is shut off. The location, date, and
time of installation and removal were recorded on a label affixed to each
DSM. 1In addition, each DSM was accompanied by.é printed data sheet
showing that information, as well as the serial number of the recorder,
the recording period, and the unit diagnostics. These data were also
recorded in waterproof field notebooks used by the field team whiéh

installed and serviced the units.
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.Upon removal, DSMs were shipped to PGandE for data translation. PGandE
<pfovided the translated information to WCC on hagnetic tape. These data
were then subjected to a series of quality control checks. The data
translated for the period of August through October 1984 were found to
have been incorrectly translated and were retranslated by WCC. Data were

then reduced to daily mean, minimum, and maximum temperatures.

As stated abové, temperature recorders were used to define conditions

within each stream reach for témperature monitoring and for témperature

" model calibration. Additional units were deployed to monitor the water

temperatures of potential sources of flow releases. Such sources
included the Crane Valley Powerhouse tailrace, Manzanita Lake, and Browns
Creek Diversion Dam. Potential diversion release temperatures were
measured with units installed in the water backed up by the dams. |
Recorders were installed downstream of the dams to measure seepage
temperatures. Whisky Creek in the Willow Creek dréinage was also
monitored, due to its importance to flow and stream temperature within
that reach. Each recorder location is listed for each of the stream
reaches studied in Table A3-1. Each of the temperature recorder |
locations is also shown in Figure A3-1. 1In the stream temperature
simulations, stream section distances are in river kilometers (RK) to

comply with stream temperaturé model requirements.

Sufficient data were gathered from these instruments to allow calibration

of the stream temperature model. Data were incomplete for three of the

instruments.. T,hg,ur’xi.t;in—t-he~era'r_ré‘v'al—l-ey\Powerhouse_ was damaged shortly

P

aftfzbiniEigi/igs;allation_byﬁthe high turbulence in the tailrace égfﬁfif}

' . : R
to be remounted. This resulted in a data loss of several days during

‘,_’/ . T —
gggg;Jrfhe unit upstream of (Manzanita Lake};n NFWC was stolen prior to

its scheduled service during August 1984, This resulted in the loss of
all data collected during June and July. The unit located ig\EITI6w7
\\‘.___/
Creek at USGS Gage 2465 had 'a partial malfunction in early July and
p;
failed completely in August. Data from the August period were

unrecoverable.
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Table A3-1

INSTRUMENT LOCATIONS USED FOR

CRANE VALLEY PROJECT TEMPERATURE MONITORING, 1984

s

_Stream Reach

¥FWC downstream of Bass
Lake '

NFWC downstreaﬁ of Bass
Lake

NFWC downstream of Bass

Lake

¥FWC downstream of
Manzanita Lake:

NFWC downstream of
Manzanita Lake

HFWC downstream of
Hgnzanita Lake
Willow Creek
Willow Creek
Wil;ow Creek
SFWC .

S;WC;

SFWC

Location®

Crane Valley Powerhouse '
tailrace, RK 11.48

RK 11.58

Upstfeam of Hanzanita‘bake.l
RK 7.08 .

Manzanita Lake

.at diversion

BK 4.83

Upstream of North Fork
Diversion Dam, RK 0.40

At Gage W-26,
‘BRK 6.92

Hoﬁth of Whisky Creek,
RK 2.90

At USGS Gage 2465
RK 0.60

- Upstream of Browns Creek

Diversion Dam, RK 10.60

Downstream of Browns Greek

Diversion Dam, RK 10.46

Upstream of South Fork
Diversion Dam, RK 0.16

Purpose

Release water

temperature

Start of streanm
reach

End of stream
reach ‘

Release water
temperature

Start of stream
reach
End of stream -

reach?

Start of stream
reach

_Hajor-tributary

End of stream
reach

Release water

" temperature

Start of stream
reach

End of stream
reach

8NFWC and SFWC locations are river kilometers (ﬁK):upstream of the NFWC-SFWC

confluence. Willow Creek locations are river kilometers upstream of the Willow

Creek - San Joaquin River confluence.

bRrelease water source for Willow Creek.
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Figure A3-1. Temperature Data Collection Sites in Willow Creek Drainage

A3-5
© 1986, by Pacific Gas and Electric Company




68l1l7c-4 f

A3.2.3 HYDROLOGY
Hydrology data were collected by PGandE using their existing system of

recorders and staff géges. Additional information was supplied by USGS
for stations either operated by USGS or whose data reduction was provided

by USGS. Hydrology data provided by PGandE were reanalyzed and

summarized by PGandE (unpublished data), including the synthesis of
local-area runoff’for stréam sections or time periods not provided or of
insufficient accuracy to be used'in the stream temperéture.model. Flow
duration analyses were used in the stream temperature model. Flow
duration analyses were prepared of the flow records (PGandE unpublished
data) for analy515 of median and extreme flow ‘events. Data from these
sources were provided to WCC on magnetic tape. Data on median facility

operatidns“were summarized for use in the stream temperature model

(PGandE unpublished data).

A3.2.4 METEOROLOGY
Three meteorologlcal stations were installed by PGandE at Blg Creek, San

Joaquin No. 3 Powerhouse, and Rex Ranch in order to provide the necessary
meteorological datavto calibrate the stream temperature model. The

meteorological stations used were Teledyne modelvuicromets. The station

. Pl H H I3 £ - . 3 .

instrumentation at all sites consisted of a thermistor (temperature),

relative humidity element, and wind speed and wind direction detectors.

Solar radiation was measured at Big Creek and Rex Ranch to provide a
local measure of actual sunshine received in the étudy area. Quality
assurance checks were carried out by PGandE meteorologists on a quarterly
basis throughout the study. Data obtained from the meteorologxcal

network were reduced_by PGandE and provided to WCC on magnetic tape.

]

A3.2.5 SHADE ANALYSIS

Shading data were collected at regular intervals along each stream to
characterize vegetative shading and to provide ground'ttuth information
to substantxate data obtained from topographic maps and photographs The.

data collected were those required for the solar shade component of the

b } i 1
i g - .

é!!i t!!i

USFWS'Stream Temperature Model (Theurer, Voos, and Miller 1984). The..

o
£ 3
I
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data represented a combination of both topographic and riparian

vegetation shading factors for both sides of the stream.

As explained by Theurer et al. (1984), topographic shading dominates the
shading effects because it determines the local time of sunrise and
sunset. Riparian vegetation is an important shading component only if it

casts a shadow on the water surface.

Topographic shading is a function of a variety of factors. These include

the following:

Time of year

e Stream reach latitude

General stream reach azimuth

Topographic altitude angle

Riparian vegetation shading is a combination of both topographic shade
factors and parameters directly related to the riparian vegetation.

These include the following:

Height of vegetation

- e Crown measurement

Vegetation offset

Vegetation density

With the exception of latitude, which must be derived from maps, all of

the above factors were measured onsite. Stream reach azimuth was
ground-truthed by means of an engineering compass at streamsidé.
Topographic angle was.measured on each side of the stream by means of a
hand level. Vegetation height was calculated from measurements taken
with a hand level and tape. Crown measurements were taken by means of a
tape or optical range finder. As specified by Theurer et al. (1984), the

crown radius was used for softwoods. The vegetation density and the

A3=7
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TABLE C-289. SOUTH FORK WILLOW CREEK

UPSTREAM OF BROWN’S DIVERSIO&

'7¢iaﬁ/ ?:{S r7jQ'CL

‘ (10.60 KM UPSTREAM OF SOUTH FORK DIVERSION)

1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES'

- e G a - - s e Em R e G S G M G s e e SR G W e G G R W SR L R 4R AR e G TR n M e e T A G e W TR L R R WS D W R G W S e A e e e e

MAXIMUM
TEMPERATURE
(C)

- e Gn W W - n Yn dn S e S R S e S e SR G G G G e S G Em AR SR L SR S G e @ UL TR G P WP Ge T Gn O AR W S EL AR TR A Gn e e e e

MEAN | MINIMUM
TEMPERATURE  TEMPERATURE
> ' >
14.36 13.50
13.63 12.50
13.98 12.50
14.50 13.00
—14.98 <.z  13.50
14,94 '7Aﬁy.x 13.50
15.17  £69 14.00
15,75 1277 1a.s0
16.40 ' 15.50
16.21 15.50
15:63 14.50
1s. %= 14.50
' 16.98 7day ¥ 16.00
17.%4 .7%  17.00
18.27 17.50
18.46 17.50
18.67 : 18.00
-18.02 - : 17.00
16.83 ©16.00
15.88 E 15.00
15.69 . 14.50
16.02 . 15.00
16.23 15.00
16.77 | 16.00
17.17 | 16.50
17.65 17.00
17.92 17.00
18.65 18.00
18.56 17.50
18.33 | 17.50
17.75 .~ 17.00
17.21 | 16.50
15.88 15.50
16.29 - 15.50
16.50 15.50
16.48 15.50
16.44 15.00
16.79 16.00"
16.75 16.00
16.23 ~15.00
16.44 15.50
16.73 - . 16.00
16.88 16.00
16.58 . 15.50

- C-289
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TABLE C -289 (CONT.> SOUTH FORK WILLOW CREEK
UPSTREAM OF BROWN’S DIVERSION
(10.60 KM UPSTREAM OF SOUTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MEAN " MINIMUM : MAXIMUN
TEMPERATURE TEMPERATURE TEMPERATURE
DATE (C) c> (C)
8/ 3 16.08 15.00 17.50
8/ 4 16.02 15.00 17.50
8/ S 15.94 15.00 17.50
g/ 6 15.94 14.50 17.50
8/ 7 16.17 15.00 17.50
g/ 8 16.48 15.50 18.00
8/ o 16.81 15.50 18.00
8710 17.29 % 16.50 18.50
8/11 17.21 A“ﬁ 16.00 18.50
8/12 16.98 w 4A 16.00 18.00
8/13 16.85 \ 16.00 19.40
8/14 16.51 15.40 17.70
8/15 16.59 16.20 16.90
8716 16.71 15.60 18.20
8/17 17.02 15.90 18.50
8/18 16.95 16.00 18.30
8/19 16.30 15.20 17.70
8/20 15.58 14.30 16.90 1
g/21 15.89 14.70 17.30
8/22 16.30 15.50 17.20
8/23 16.43 15.60 17.70
8/24 16.02 15.10 17.20 E
8/25 15.40 14.40 16.40
8/26 15.85 14.70 17.30
8/27 16.27 15.20 17.70 ﬁ
8/28 16.65 15.50 18.00
8/29 17.14 16.10 18.60
&8/30 16.91 16.10 17.80 @
&8/31 16.07 15.10 17.20
9/ 1 15.2% 14.00 16.60
S/ 2 15,13 13.90 16.50
9/ 3 15.50 14.30 16.90 @
S/ 4 15.86 14.70. 17.30
9/ S 16.33 15.40 17.50
9/ 6 16.20 15.40 17.30 @
s/ 7 15.56 14.40 16.80
S/ 8 15.72 14.70 17.00
3/ 9 15.81 14.90 16.80 @
9/10 15.71 14.70 16.90 :
9/11 15.90 15.20 16.70
9/12 16.04 15.30 17.00 -
9/13 16.01 15.20 17.20 ' gﬂ
—8714 15.85 . 14.90 , 17.00
S/195 15.66 14.70 16.90
€-290
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EE TABLE C- 289 (CONT.)> SOUTH FORK WILLOW CREEK

: UPSTREAM OF BROWN’S DIVERSION

(10 60 KM UPSTREAM OF SOUTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MEAN ' MININMUM MAXIMUM
. TEMPERATURE TEMPERATURE TEMPERATURE
DATE (C) () )
---------------------------- K.;.-‘--_-__-----—--_—___-------_..__
, 9/16 15.92 , \oy 15.00 17.20
iﬁ $/17 16.11 1 3 15.10 17.30
- 9/18 16.58 |\ 15.80 17.60
8719 16.56 15.70 17.50
!E 9/20 16.26 15.70 16.80
: ) 15.16 14.20 16.20
9/22 15,00 ' 14.20 15.90
. 9/23 13.91 13,30 14.70
li 9/24 13.23 12.60 14.00
9/25 12.45 11.50 13.60
3 9/26 12.95 12.20 14.20
ﬂ 8/27 13.34 12.50 14.40
. 9/28 13.41 12.60 14.40
9/29 13.30 12.40 14.40
/30 12.75 12.20 13.40
‘i 10/ 1 11.57 11.20 12.00
10/ 2 11.18 10.40 12.00
107 3 11.39 10.50 12.30
Eg 10/ 4 11.55 10.80 12.40
§ 107 S 11.80 11.10 12.60
, 10/ 6 11.85 11.00 12.90
'l 10/ 7 11.93 11.10 13.00
e 10/ 8 12.06 11.20 i3.00
10/. 9 12.07 11.30 13.00
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iaplE C-290. SOUTH FORK WILLOW CREEK
DOWNSTREAM OF BROWN’S DIVERSION
¢(10.46 KM UPSTREAM OF SOUTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

" e - - on i e wm A G e W WD Y G W AR M me W em dm me G Ve YT A M AR G M e e R G W N e e WS M SR e S G5 G e e A s e e e e

MEAN MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE > : (o)) <) I
6/20 18.40 18.00 19.00
6/21 17.56 16.50 19.00
6/22 17.65 16.50 18.00
6/23 17.79 16.50 19.00
6/24 18.08 17.00 19.50
6/25 18.23 17.00 12.50
6/26 18.46 17.50 20.00
6727 18.71 17.50 20.50
6£/28 19.06 18.00 20.50
6/29 19.38 18.50 21.00
6€/30 19.33 18.00 21.00
7/ 1 19.40 18.50 21.00
7/ 2 19.65% 18.50 21.50
77 3 ' 19.94 19.00 21.50
7/ 4 20.19 19.00 22.00
7/ 5 20.54 19,50 22.00
7/ 6 20.81 19.50 22.50
7/ 7 20,90 18.50 22.50(y
7/ 8 20.60 19.00 22.00
7/ 9 20.08 19.00 21.50
7/10 19.85 18.50 21.00
7711 19.867 18.5%0 21.00
7/12 19.63 18.50 21.00
7/13 19.75 19.00 21.00
7/14 19.3% 19.00 20.50
7715 19.17 18.50 20.00
7716 18.7% 18.50 21.50
7/17 20.48 13.50 22.00
7718 20.83 19.5%0 22.00
7/19 21.08 20.00 22.50
7720 20.92 20.00 22.00
7/21 20.44 19.30 21.00
7/22 19.2% 19.00 20.00
7723 19.08 18.00 20.50
7/24 19.23 18.00 21.00
7/25 17.5%4 16.50 19.00
7/26 17.31 16.00
7/27 17.69 16.50 1o 5
7/28 17.71 16.50 19.50
7729 17.23 16.00 19.00
7730 17.31 16.00 18.50
7/31 17.54 16.50 . 18.50
8/ 1 17.85 17.00 19.00
8/ 2 17.77 : 16.50 : 19.00
C-292
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TABLE C- 290 (CONT.) SOUTH FORK WILLOW CREEK

w
~
G O30 ME N -

o)
~
[y
o

S/11
9712
S/13
S/1la
9/19%

DOWNSTREAM OF BROWN‘S DIVERSION

(10 46 KM UPSTREAM OF SOUTH FORK DIVERSION)

1984 MEAN, MINIMUM, AND MAXIMUM‘TENPERATURES

MAXIMUM
TEMPERATURE
>

MEAN | MINIMUM
TEMPERATURE - TEMPERATURE .
<P . (C>
17.48 16.50
17.19 16.00
17.42 16.50
17.56 16.50
17.27 16.00
17.50 16.50
18.13 17.50
18.63 18.00
18.98 18.50
19.02 18.50
19.10 18.50
18.94 18.50
18.64 18.30
18.50 17.70
18.85 18.20
19.02 18.40
18.89 18.20
18.53 17.70
18.61 17.90
18.66 18.20
18.62 18.00
18.45 17.90
18.24 17.60
18.12 17.40
18.27 17.7¢C
18.36 - 17.80
18.53 18.10
18.62 18.20
18.33 17.80
17.69 17.10
17.35 16.70
17.36 16.80
17.47 16.90
17.73 17.30
17.74 17.30
17.37 - 16.80
17.25 16,80
17.34 16.80
17.20 16.80
17.32 17.10
17.30 17.00
17.29 16.90
17.21 16.80
17.04 © 16.70

Cc-293
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TABLE C-290 (CONT.)> SOUTH FORK WILLOW CREEK
h DOWNSTREAM OF BROWN’S DIVERSION

(10.46 KM UPSTREAM OF SOUTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MAXIMUN
TEMPERATURE
(C

- . - S S G - E e G Gh S W G WS G SR ER G WE S TR P WE SR S Gn e e Ge W T MR G W e G Y S OB GE G P T G SO e B D D D R Gh WE O eR e = e

MEAN MINIMUN
TEMPERATURE TEMPERATURE
(C> (C>
17.06 16.80
17.15 16.80
17.48 17.10
17.55 17.30
17.53 17.30
16.81 16.40
16.58 16.20
15.90 15.60
15.26 14.80
14.26 13.80
14.22 13.90
14.29 13.90
14.22 13.90
14.25 13.90
14.12 13.80
13.39 13.10
12.75 12.30
12.55 12.20
12.60 12.20
12.73 12.40
12.58 12.30
12.46¢ 12.20
12.40 12.10
12.35 12.10
12.37 12.10
12.51 12.10
11.53 11.20
11.32 11.00
11.61 11.30
10.50 10.10
9.58 9.20
5.38 3.00
8.52 8.10
9.05 8.70
9.34 9.10
9.05 8.70
8.51 8.30
8.11 7 .80
8.12 7.90
8.03 7.80
8.45 8.00
8.73 8.40
8.26 7.90
8.17 7.90

C-294
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TABLE C- 290 (CONT.)> SOUTH FORK WILLOW CREEK
DOWNSTREAM OF BROWN’S DIVERSION
"~ (10.46 KM UPSTREAM OF SOUTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- R

© 198s, by Pacific Gas and Electric Company

MEAN - MINIMUNM MAXIMUM
_ TEMPERATURE TEMPERATURE TEMPERATURE
DATE . ) : N {e}) {op)
10/30 8.47 8.10 8.80
10/31 8.43 8.10 8.60
117 1 7.91 7.70 8.30
11/ 2 7.80 7.40 8.20
117 3 8.19 8.00 8.30
117 4 7.75 7.50 8.00
11/ S 7.70 7.20 8.10
11/ 6 8.22 7.90 8.50
11/ 7 8.42 8.30 8.60
C-295



TABLE C-291.

SOUTH FORK WILLGOW CREEK
UPSTREAM OF SOUTH FORK DIVERSION

(0.16 KM UPSTREAM OF SOUTH FORK DIVERSION)
AND MAXIMUM TEMPERATURES

1984 MEAN, MINIMUNM,

MEAN
TEMPERATURE
)

TEMPERATURE

MINIMUM

oo

MAXIMUNM
TEMPERATURE
{op)

C-296
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TABLE C-291 (CONT.) SOUTH FORK WILLOW CREEK
UPSTREAM OF SOUTH FORK DIVERSION
"(0.16 KM UPSTREAM OF SOUTH FORK DIVERSION»
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

. G e W G e S R R W SR G WD W AR G e G Wh R ST W G A S L G W G e G e e S WD SR W S AR GE AR Em G G AR AR ER e E e WA Gk o am Em A e

s

g

;

MEAN  MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE . TEMPERATURE

DATE (©> (C) (C>

8/ 4 20.92 20.50 21.50
8/ S 20.85 20.50 21,50
8/ 6 20.77 20.00 21.50
8/ 7 20.67 19.50 (21.00
8/ 8 21.19 20.00 22.00
8/ 9 21.65 20.50 22,50
8/10 22.17 21.50 22.50
8/11 22.10 21.50 22.50
8/12 22.00 21.50 22.50
8/13 21.92 21.50 22.50
8/14 21.70 21.00 22.20
8/15 21.30 21.00 21.60
8/16 20.83 20.30 21.20
8717 21.11 20.40 21.60
8/18 21.48 . 20.80 22.00
8719 21.24 20.80 21.60
8/20 20.60 - 20.10 21.10
8/21 20.32 19.90 20.60
8/22 20.38 19.90 20.80
8/23 20.57 - 20.10 21.00
8/24 20,42 20.00 20.90
8/25 19.74 19.40 20.30
8/26 19.21 18.70 19.60
8727 19.72 18.80 20.50
8/28 20.19 19.30 20.90
8729 20.85 20.10 21.60
8/30 21.15 20.40 21.80
8/31 20.65 20.10 21.10
9/ 1 19.62 19.00 20.00
9/ 2 19.10 18.30 19.80
9/ 3 19.13 18.30 19.80
9/ a 19.46 18.60 20.50
9/ S 20.03° 19.10 21.10
s/ 6 20.24 19.40 21.10
9/ 7 19.77 19.10 20.10
3/ 8 19.42 18.70 20.00
9/ 9 19.49 18.70 20.50
9710 19.67 18.70 20.70
9/11 19.88 19.10 20.80
9/12 19.98 19.30 20.80
9/13 19.88 19.20 20.50
3/14 19.71 18.90 \ 20.50
9/15 19.43 18.70 20.40
9/16 19.40 18.60 20.10

c-297
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TABLE C-291 (CONT.) SOUTH FORK WILLOW CREEK
UPSTREAM OF SOUTH FORK DIVERSION
(0.16 KM UPSTREAM OF SOUTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MEAN MININUM MAXIMUN
’ TEMPERATURE TEMPERATURE TEMPERATURE
DATE o (C) qop
S/17 19.62 18.70 20.70
9/18 20.43 19.50 22.10
8719 20.52 19.80 21.30
8/20 20.35 20.00 20.80
9721 19.45 19.10 19.90
5/22 18.52 18.10 19.20
9/23 17.43 17.10 18.20
9/24 l6.61 16.20 17.10
9/25 15.50 14.90 16.10
9/26 15.13 14.40 l1s.10
9727 15.48 14.70 16.60
9/28 15.75 15.00 16.90
9/29 15.72 15.10 1e6.80
9730 15.25 14.90 15.80
io/s 1 14.3S 13.90 14.80
10/ 2 13.59 13.20 13.90
107 3 13.60 13.00 14.50
10/ a 13.65 13.10 14.40
10/ S 13.85 13.30 14.70
107 6 13.87 13.40 14.60
107 7 13.88 13.40 14,70
10/ 8 14.01 13.40 15.00
10/ 9 14.0S 13.50 14.80
10710 14.03 13.60 14.60
lo/11 13.96 13.70 14.30
10/12 13.02 12.60 13.60
10/13 12.58 12.20 13.00
10/14a 12.86 12.60 13.10
10715 11.89 11.50 12.60
10716 10.80 10.00 11.40
10717 2.97 9.60 11.10
10718 S.38 8.80 10.10
10719 S.73 9.40 10.40
10720 10.32 10.00 10.80
10/21 10.26 9.90 10.70
10722 10.12 9.70 11.00
lo0/23 9.83 9.30 10.50
10/24 9.88 9.40 10.70
10/25 9.88 9.40 10.70
10/26 $.90 9.70 10.40
10727 9.74 9.50 10.10
i10/28 9.48 9.20 9.80
10/29 9.20 8.80 9.80
10/30 9.09 6.10 12.40
C-298
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TABLE C-291 (CONT.) SOUTH FORK WILLOW CREEK

: B 4 UPSTREAM OF SOUTH FORK DIVERSION
(0.16 KM UPSTREAM OF SOUTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

. T wm A s G M G G AR W R e S W G W M G R GRS AR G G CR M SR SR GE W AL G e R S R M6 G M AR GF G R Ay WY N e e S R G Y G AR W e e

MEAN A MINIMUM MAXIMUM
. TEMPERATURE . TEMPERATURE TEMPERATURE
DATE §o)) () (<)
10/31 8.02 5.00 16.80
117 1 8.80 5.00 21.00
117 2 10.53 5.00 21.%0
117 3 9,38 5.00 20.40
i1/ & - 8.48 5.00 19.20
117 5 10.08 5.00 18.30
11/ 6 110.05 S.00 17.80
117 7 10.35 10.00 10.70
11/ 8 10.40 10.40 10.40
Cc-299
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TABLE 6-292. CRANE VALLEY POWERHOUSE TAILRACEA
(DITCH NUMBER THREE)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- o - > - - - > ~n G B A T T G e e = AR e eGP AR WP WP S 4D AN AT R MR A Cw WS G Dk D WD WA AP W TR e e e e

_ MEAN MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE

DATE c ' O (c
&6/20 9.00 39.00 S.00
6/21 8.56 8.50 S.00
6/22 8.35 8.00 8.50
6/23 8.02 8.00 8.50
6/24 8.00 8.00 8.00
6/25 8.00 8.00 8.00
6/26 8.00 8.00 8,00
6727 1 8.00 8.00 8.00
7/ 6 13.67 13.00 14.00
77 7 13.06 11.50 17.00
77 8 12.81 11.00 17.50
7/ 9 11.25 11.00 11.50
7710 11.25 11.00 11.50
7711 11.44 11.00 11.50
7712 11.35 11.00 11.50
7713 11.312 11.00 12.00
7/14 13.65 11.00 22.00
7/1%5 14.15 12.50 17.00
7716 11.60 11.00 12.50
7/17 11.48 11.00 12.00
7718 11.65 11.50 12.00
7719 11.77 11.50 12.00
7720 13.06 11.50 17.50
7721 12.50 11.00 16.00
7/22 11.77 10.50 13.00
7/23 12.94 10.50 19.00
7724 13.52 11.00 20.50
7/25 13.67 11.50 21.00
7/26 - 13.90 11.50 21.50
7/27 14.63 12.00 23.00
7/28 15.04 12.50 " 24.50
7729 15.17 12.00 25.0C
7730 12.29 11.50 13.50
7/31 12.00 11.50 12.50
8/ 1 12.10 12.00 12.50
&/ 2 12.23 11.50 12.50
8/ 3 14.46 12.00 20.50,
8/ & 16.10 12.50 25.9506&
as s 16.54 13.00 25.50
8/ 6 12.77 12.00 14.00
8/ 7 12.52 12.50 13.00
8/ 8 12.58 12.50 13.00

1
INSTRUMENT MALFUNCTION
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TABLE C-292 (CONT.) CRANE VALLEY POWERHOUSE TAILRACE
: :  (DITCH NUMBER THREE)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

“ , . MEAN . MINIMUM MAXIMUM
‘ TEMPERATURE TEMPERATURE TEMPERATURE
“ A DATE () o > | >
8/ 9 12.69 12.50 13.00
ﬂ : 8/10 12.79 12.50 13.00
o 8711 12.98 12.50 13.50
8712 13.08 12.50 13.50
8/13 13.17 13.00 13.50
m 8714 13.07 12.50 13.50
o 8715 13.02 12.80 13.30
8/16 13.13 12.90 13.50
m 8/17 13.32 13.00 13.60
" 8/18 13.50 13.10 13.80
: 8/19 13.71 13.30 14,20
8/20 13.99 13.60 14.40
l! 8/21 14.29 14.00 14.70
a 8722 14.58 14.20 14.90
8/23 14.82 14.40 15.30
Il 8/24 15.09 14.40 15.60
- 8/25 15.33" 14.90 15.90
8/26 15.63 15.20 16.10
8/27 15.90 15.20 16.50
l! : 8/28 16.17 15.70 16.70
: 8/29 16.56 16.30 16.90
_ 8/30 16.87 16.30 18.00
I! 8/31 17.20 16.50 17.80
- S/ 1 17.53 '17.20 18.20
g/ 2 17.95 17.50 18.40
I! S/ 3 18.30 18.00 18.80
e ' 9/ 4 18.57 18.10 19.00
VAR 18.93 18.50 19.60
s/ 6 19.19 18.80 13.80
l! 9/ 7 19.45 19.10 19.80
""" s/ 8 19.66 19.20 20.00
9/ 9 19.9% 19.70 20.20
I! 9/10 20.10 15.80 20.50
3/11 20.23 19.80 20.60
9/12 20.58 20.30 20.80
l 9/13 20.50 20.30 20.80
) 9/14 20.36 15.390 23.80
9/15 15.90 13.30 24.00
9/16 15.08 12.60 22.70
9/17 17.81 12.40 20.70
- 9/18 20.44 . 20.30 20.70
9718 - 20.62 20.40 20.90
I 9/20 20.51 20.20 20.80
g/21 14.23 8.30 20.80
9/22 8.26 8.10 8.40
E €-301
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TABLE C-292 (CONT.) CRANE VALLEY POWERHOUSE TAILRACE
(DITCH NUMBER THREE) :
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- - e A e R A G e e e M AR WA M TN M AR AR W W R R T M e R SR A G R YR YR TS M M e W M e G e W e M EE Y R e e e G e e wn o

MEAN ‘ MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE (C) : ) ' (C)
9/23 8.20 8.10 8.30
9/24 13.01 8.10 20.10
9/25 — 18.97 19.90 20.10
9/26 19.83 19.70 20.00
9/27 19.62 19.40 19.80
g/28 19.40 19.30 19.50
9/29 18.15 13.40 22.80
8/30 13.17 8.90 17.60
10/ 1 11.13 8.40 13.60
10/ 2 15.03 8.00 18.60
10/ 3 18.29 18.20 18.50
10/ 4 18.11 17.90 18.20
10/ S 16.62 11.60 20.30
10/ 6 13.72 10.50 20.60
10/ 7 14.01 10.70 20.50
10/ 8 15.45 10.90 17.90
10/ 9 17.65 17.60 17.70
C-302
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TABLE C-293. _ - NORTH FORK WILLOW CREEK
: DOWNSTREAM OF BASS LAKE
(11.S0 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

W e N mR e S GE R WR YR M Wh M M G M R YR R L R b G AR R e G G S WS R S R dm G AR AP R MR NS WE A EA G Gm MR A e G R WY G e A M R e e m an

MEAN MINIMUM MAXIMUM
TEMPERATURE _ TEMPERATURE TEMPERATURE
DATE () «c) C)
6/20 18.25 18.00 18.50
6/21 18.10 18.00 18.50
6/22 18.33 18.00 18.50 &L
6/23 18.50 18.50 18.50
6/24 18.50 18.50 18.50
6/25 18.60 18.50 19.00
6/26 18.98 18.50 19.00
6/27 19.00 19,00 19.00
8/28 19.33 18.00 19.50
6/29 19.50 19.50 19.50
6/30 19.50 19.50 19.50
77 1 19.50 19.50 19.50
7/ 2 19.85 19.50 20.00
7/ 3 20.04 20.00 20.50
- f 7/ a 20.42 20.00 20.50
g 7/ 5 20.50 ° 20.50 20.50
77 6 20.50 20.50 20.50
7/ 7 20.58 20.50 21.00
- 7/ 8 20.67 20.50 21.00
7/ 9 20.83 20.50 21.00
7/10 20.56 20.50 21.00
j 7/11 20.56 20.50 21.00
e 7712 20.58 20.50 21.00
7713 20.58 20.50 21.00 -
m 7/14 20.52 20.50 21.00
. 7/19% 20.50 20.50 20.50
7716 20.50 20.%0 20.50
' 7717 20.50 26.50 20.50
lm : 7718 20.50 20.50 20.50
e 7/19 20.50 20.50 20.50
: 7720 20.52 20.50 21.00
II 77,21 20.52 120.50 21.00
e 7722 20.50 20.50 20.50
7/23 20.50 20.50 20.50
7/24 20.27 20.00 20.50
q 7/25 20.04 20.00 20.50
7726 20.08 20.00 20.50
n 7727 20.06 20.00 20.50
7728 20.04 20.00 20.50
- 7/29 20.00 20.00 20.00
7/30 20.04 20.00 20.50
m 7/31 20.04 20.00 20.50
u 8/ 1 20.04 20.00 20.50
8/ 2 20.00 20.00 20.00
H c-303
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TABLE C-233 (CONT. ) NORTH FORK WILLOW CREEK
DOWNSTREAM OF BASS LAKE
(11.50 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MEAN MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE

DATE ' ) . P} «
8/ 3 20.00 20.00 20.00
8/ 4 19.90 19.50 20.00
8/ S 19.60 19.50 20.00
8/ 6 19.54 19.50 20.00
8/ 7 19.52 19.50 20.00
8/ 8 19.50 19.50 19.50
8/ 9 19.50 19.50 19.50
8/10 19.50 19.50 19.50
8/11 19.50 19.50 19.50
8s12 19.50 19.50 19.50
8/13 19.40 19.00 19.50
8/14 18.99 18.80 19.70
8/15 18.57 - 18.40 18.80
8/16 18.37 18.30 18,40
8/17 18.16 18.10 18.30
8/18 18.10 18.00 18.20
8/19 17.95 17.80 18.10
8/20 17.76 17.60 17.90
8/21 17.58 17.40 17.60
8/22 17.34 17.20 17.40
8/23 17.08 16.90 17.20
8/24 16.74 16.50 16.90
8/25 16.35 16.20 16.50
8/26 16.06 1 15,90 - 16.20
8/27 15.76 15.60 15.80
8/28 15.47 15.30 15.60
8/29 15.15 15,00 15.30
8/30 14.82 14.50 15.00
8/31 14.42 14.20 14.60
9/ 1 14.06 13.90 14.20
g/ 2 13.74 13.60 13.90
S/ 3 13.42 13.20 13.60
S/ 4 13.22 13.10 13.30
S/ 5 13.05 12.90 13.20
9/ 6 12.89 12.80 13.00
S/ 7. 12.70 12.50 12.80
9/ 8 12.54 12.50 12.70
9/ 9 12.49 12.40 12.70
9/10 12.46 12.40 12.70
9711 12.43 12.40 12.50
9/12 12.43 12.40 12.50
9/13 12.45 12.40 ‘ 12.60
g/14 ' 12.48 ©12.40 12.70
9/15 12.45 12.40 12.70
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TABLE C 283 (CONT.» NORTH FORK WILLOW CREEK
DOWNSTREAM OF BASS LAKE

(11. 50 KM UPSTREAM OF NORTH FORK DIVERSION) -
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- . e - Y A SR R R A e Ee e R WS SR G SR G e R T e W G e SR e AR D AN T T AR R e G G e G W SR R W e S wE W e W o A

MAXIMUNM
TEMPERATURE
c)

MEAN MINIMUM
TEMPERATURE . TEMPERATURE
DATE . (C) {*))
9/16 12.45 12.40
S/17 12.50 12.40
9/718 12.53 12.40
9/19 12.54 12.50
9/20 12.64 12.50
9s21 12.77 12.70
9/22 12.84 12.80
9/23 12.84 12.80
9/24 12.83 12.80
9/2% 12.80 12.70
9/26 12.83 12.80
9/27 12.84 12.80
S/28 12.76 12.50
9/29 12.59 12.50
9/30 12.53 12.40
10/ 1 12.49 12.40
io0/ 2 12.48 12.40
10/ 3 12.50 12.40
10/ 4 12.52 12.40
10/ S 12.54 12.50
10/ & 12.50 12.40
107 7 12.49 12.40
10/ 8 12.48 12.40
107 9 12.49 12.40
10710 12.49 12.40
10/11 12.46 12.40
10712 12.37 12.30
10713 12.39 12.30
10/14 12.37 12.20
10715 12.23 12.10
10716 12.09 11.90
10/17 12.10 12.00
10/18 12.04 12.00
10/19 12.08 12.00
10/20 12.06 12.00
10/21 11.98 11.90
10/22 11.92 11.80
10/23 11.89 11.80
10/24 11.90 11.80
10/25 11.87 11.80
10/26 11.85 11,70
106/27 11.78 11.70
10728 11.7% 11.60
10/29 11.79 11.70
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TABLE C-293 (CONT.) NORTH FORK WILLOW CREEK
g DOWNSTREAM OF BASS LAKE
(11.50 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- . Em e ER Em R W wy P W S S Wn AP W G R e R e AR MR e SR T G M D e G W AR WP R N AR Ee e E GR G G M G R VR e SR An WS e W A W e e o e e

MEAN MINIMUNM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE (qop) qop) ' o
10/30 11.76 11.70 11.90
10731 11.68 11.30 11.90
117 1 11.66 11.60 1l.80
117 2 11.66 11.50 11.90
117 3 11.66 li1.60 11.80
11/ 4 11.64 11.60 11.80
11/ S 11.60 11.30 11.70
11/ 6 11.60 11.50 11.70
11/ 7 11.57 11.50 11.70
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TABLE C-294. NORTH FORK WILLOW CREEK

L DOWNSTREAM OF BASS LAKE
(7.08 KM UPSTREAM OF NORTH FORK DIVERSION)
= 1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- - - an s W W S Am Em e . T G G e S GRS AL G A R S R e e G S S G Y GE G e TR Oy S WE WE U T Ge W MR TR TR R TE SR R N TR s G ae W A S e e

MEAN . MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE (e €C) , » _ C>
II 8/15 1 20.77 20.40 ' 20.90
- 8/16 20.36 19.20 21.40
8/17 20.75 19.60 21.90
8/18 20.95 19.90 21.90
ll- 8/19 20.46 19.30 21.40
o 8/20 19.66 18.40 20.70
8721 19.59 - 18.30 20.80
l 8/22 19.98 18.80 21.10
- 8/23 20.10 18.90 21.10
8/24 19.65 18.60 20.60
-ll 8/25 18.87 . 17.80 19.60
I 8/26 18.88 17.60 20.10
- 8/27 19.33 +.18.10 20.50
- 8/28 19.74 18.50 21.00
8/29 20.37 13.30 21.50
o 8/30 20.47" 19.50 21.30
8/31 19.58 18.70 20.40
%@ g/ 1 18.57 17.50 19.50
: 9/ 2 18.29 17.20 19.30
9/ 3 18.41 17.40 19.40
- g/ a 18.69 17.70 19.60
S/ S 19.28 18.40 20.10
3/ 6 19.38 18.60 20.20
, Qs 7 18.58 17.60 19.40
K 3/ 8 18.39 17.40 19.20
r 9/ 9 18.64 17.70 19.40
: 8/10 18.65 17.80 19.40
l 9/11 - 18.79 - 18.00 19.50
- 9/12 18.7% ‘ 17.80 18.70
9/13 18.81 . 17.90 19.80
9/14 18.69 '17.80 19.%0
II 9/15 18.40 17.40 19.10
o 9716 18.37 o 17.60 : 19.00
8/17 18.95 17.80 S 20.20
9/18 20.29 19.5%0 21.10 &
9A19 20.03 19.20 20.70
9/20 19.72 ' 19.10 20.40
3 g/21 18.43 - 17.80 19.20
. 9/22 17.71 16.90 , 18.70
- 9/23 . 14.80 14.00 16.70
S/24 13.79 ©13.20 14.30
1

INSTRUMENT . STOLEN
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TABLE C 294 (CONT.) NORTH FORK WILLOW CREEK
DOWNSTREAM OF BASS LAKE

(7.08 KM UPSTREAM OF NORTH FORK DIVERSION)
AND MAXIMUM TEMPERATURES

1984 MEAN, MINIMUM,

MEAN
TEMPERATURE
4o

TEMPERATURE

MINIMUM

g o))

MAXIMUN
TEMPERATURE
)
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TABLE C-295. MANZANITA LAKE AT DIVERSION

(OUTLET TO DITCH NUMBER TWO)

(4.83 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MAXIMUM
TEMPERATURE
C)

- G e R T e e D W R e T e e R R D Y GE SR WS NP M T OR TR AR B Gn R D G R G ee ED MM e W G TR R WD Gh G GP G R E G P ek Gn A R e e

MEAN MINIMUM
TEMPERATURE TEMPERATURE
«C) ' ‘ (C)
14.38 14.00
14.98 14.50
16.19 15.50
17.88 17.00
20.00 19.00
21.79 21.00
19.21 13.50
13.21 12.00
12.69 11.50
14.19 13.50
15.83 15.00
16.29 12.50
13.02 12.00
13.00 12.00
12.96 12.00

1 13.54° 12.00
‘ 15.48 1S5.00
16.75 16.00
16.88 13.00
13.08 11.50
13.13 11.50
13.40 12.00
13.46 12.00
13.15 12.50
13.98 13.50
15.71 14.00
13.96 13.00
13.63 12.50
13.69 12.50
13.83 12.50
15.48 1S.00
16.40 16.00
17.38 16.50
18.52 18.00
20.31 19.50
21.96 21.50
22.83 22.00
23.63 23.00
23.73 23.00
20.48 14.00
13.98 13.00
13.88 12.50
13.90 12.50
13.94 12.50
C-309
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TABLE c ~-285 (CONT.) MANZANITA LAKE AT DIVERSION
(QUTLET TO DITCH NUMBER TWO)
(4.83 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- - e - o= o - - - A e - - A= = v A R e M W W TS ML R TE En Mn e e e SR W A W e D e e e e L R T T e e - -

MEAN MINIMUM . MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE (O (C) , (c)
8/ 4 15.81 15.00 16.50
8/ 5 16.94 16.50 18.00
8/ 6 17.08 14.00 19.00
8/ 7 14.10 13.00 16.00
8/ 8 14.10 13.00 16.00
8/ 9 14.35 13.00 16€.50
8/10 14.48 13.50 16.00
8/11 14.50 13.50 16,00
8/12 14.40 13.50 16.00
8/13 14.53 13.50 16.80
8/14 14.27 12.90 16.00
8/15 13.96 13.30 14.60
8/16 14.59 ©13.30 16.30
8/17 14.90 13.60 16.80
8/18 15.06 13.70 17.10
8/19 15.03 13.70 16.80
8/20 15.04 13.70 16.70
8/21 15.40 14.20 16.90
8/22 15.68 14.70 17.20
8/23 15.87 14.70 17.20
8/24 15.98 14.80 17.30
8/25 16.02 15.10 17.10
8/26 16.55 15.40 18.10
8727 16.88 15.90 18,30
8/28 17.26 16.20 18.70
8/29 17.55 16.40 19.20
8730 17.78 16.70 19.10
8/31 17.85 16.60 19.40
s/ 1 18.13 16.90 19,70
9/ 2 18.48 17.30 20.10
9/ 3 18.95 17.80 20.30
9/ 4 19.29 18.20 20.80
9/ s 19.60 18.70 21.00
9/ 6 . 19.84 19.00 21.00
3/ 7 19.90 18.80 21.30
3/ 8 20.23 19.20 21.860
9/ 9 $20.47 19.60 21.70
9/10 20.57 19.60 21.80
9/11 20.70 20.10 21.60
9/12 ' 21.06 20.20 . 22.30
9/13 21.09 ‘ ' 20.20 22.40
9/14 , 21.48 20.30 22.60
9/15 22.11 21.60 . 22.90
9/16 22.46 21.80 A 23.60
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TABLE C-295 (CONT.) HANZANITA LAKE AT DIVERSION
(OQUTLET TO DITCH NUMBER TWO)

(4.83 KM UPSTREAM OF NORTH FORK DIVERSION)
AND MAXIMUM TEMPERATURES

1984 MEAN, - MINIMUM,

MEAN
TEMPERATURE
()

TEMPERATURE

C-311
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MAXIMUNM
TEMPERATURE
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TABLE C 295 (CONT.) MANZANITA LAKE AT DIVERSION
(OUTLET TO DITCH NUMBER TWO)>
(4.83 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- = = e = e wD e e e e WP v em B N W D e Gr S G e e T Y T WP TR AR T TR W Gn S W G G T M A S A e T e W e W e e .

MEAN MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE ) (o)) >
ic/s31 12.53 12.40 12.90
117 1 12.20 11.80 12.70
117 2 11.99 11.70 12.50
117 3 12.13 11.90 12.30
11/ 4 11.93 11.70 12.20
11/ S 11.69 11.60 12.00
) 11.71 11.60 12.20
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NORTH FORK WILLOW CREEK '

TABLE C-296.
' x DOWNSTREAM OF MANZANITA LAKE

e A

Iy

R S AR N

- R e

-

(4.82 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- - - o S e e e R R AR G A WD e S A AR AR e GR T MR En SR e R G R AP S e R D G G n G Gm n R We e AR R W W R R R G e e

MEAN MINIMUNM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE c €e)) )}
6/21 22.13 22.00 22.50
6/22 21.54 20.00 23.00
6/23 21.52 20.00 22.50
6/24 21.96 20.50 23.50
6/25 22.67 21.50 24.00
6/26 23.31 22.00 24.50
6/27 22.50 21.50 23.50
6/28 22,02 20.50 23.50
6/29 21.83 20.50 23.00
6/30 20.79 19.5S0 22.00
7/ 1 21.23 19.50 23.00
77 2 22.77 21.00 24.50
7/ 3 22.77 22.00 23.50
7/ 4 22.60 21.00 24.00
7/ 5 22.98 21.50 24.00
7/ 6 23.29 22.00 24.50
7/ 7 23.13 22.00 24.50
7/ 8 22.67 21.00 24,00
77 9 22.52 21.00 24.50
7710 22.42 20.50 24.00
7/11 22.13 20.50 23.50
7712 22.02 20.50 23.50
7/13 22.25 20.50 23.50
7/14 22.42 21.50 23.00
7/1% 22.58 21.50 23.50
7/16 23.27 22.00 24.50
7717 24.17 23.00 25.%0 &
7/18 24.17 23.00 25.00
7/19 23.96 22.50 25.00
7/20 23.46 22.50 24.50
7/21 22.31 21.50 23.00 .
7722 20.65 19.50 21.50
7/23 20.75 19.50 22.50
7/24 21.7% 20.50 23.Q0
7725 22.42 21.00 24.00
7/26 22.69 21.00 24.00
7/27 23.46 22.00 25.00
7/28. 23.81 22.50 25.00
7/29 23.75 22.50 25.00
7/30 23.82 22.50 25.00
7/31 22.48 21.%0 24.00
8/ 1 20.15 19.50 21.50
8/ 2 19.13 18.50 19.50
8/ 3 18.48 17.50 19.00
c-313
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TABLE C 296 (CONT.) NORTH FORK WILLOW CREEK
DOWNSTREAM OF MANZANITA LAKE

(4.82 KM UPSTREAM OF NORTH FORK DIVERSION)
AND MAXIMUM TEMPERATURES

- - - - G - S e W P e We S S G S G ES e G D A R D G AR e P ST W AP ER AR S S Gh G AR P Am AT AR Er e AP AP A o - .

1984 MEAN, MINIMUM,

MEAN
TEMPERATURE
CcH

TEMPERATURE

MINIMUNM

qop)

MAXIMUM

TEMPERATURE

(g oD]

S/11
9/12
9713

9/14
9/15
9/16
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TABLE C-296 (CONT.)> NORTH FORK WILLOW CREEK
p DOWNSTREAM OF MANZANITA LAKE

m IE ‘M” . &m_“

AU om B G

(4.82 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

~ MEAN MINIMUM MAXIMUM
TEMPERATURE - TEMPERATURE TEMPERATURE

DATE c ‘ §e)) c
9/17 21.22 20.70 22.30
9/18 20.85 20.30 22.00
9/19 20.82 20.20 22.00
9/20 20.59 20.20 21.30
9/21 © 20.36 19.70 21.20
9,22 19.90 19.10 20.50
9/23 19.55 19.00 20.00
S/24 18.86 18.40 19.50
9/25 18.70 18.20 19.30
g/26 18.41 17.60 19.30
9/27 18.48 17.60 19.30
g/28 18.48 17.60 19.20
9/29 18.22 17.50 18.80
9/30 - 18.40 18.10 18.70
10/ 1 17.80 17.00 18.30
10/ 2 16.73 15.80 17.40
10/ 3 16.60 15.70 17.40
10/ 4 16.58 15.70 17.30
10/ 5 16.56 15.80 17.30
10/ 6 16.43 15.60 17.20
10/ 7 16.49 15.60 17.20
10/ 8 16.56 15.80 17.20
10/ 9 16.48 15.70 17.20
10/10 16.3S 15.50 17.10
10711 15.81 15.00 16.30
10/12 14.81 14.00 15.50
10/13 - 14.71 13.580 15.40
10/14 14.90 14.20 15.40
10/15 13.57 12.90 14.20
10716 12.10 11.50 12.80
10/17 11.78 11.20 12.60
10718 11.24 10.40 12.00
10/19 11.71 11.20 12.20
10/20 12.08 11.60 12.50
10/21 - 11.80 11.20 12.20
10/22 11.52 10.80 12.10
10723 11.36 10.60 11.90
10/24 11.42 10.80 12.00
10/25 11.31 10.60 11.80
10726 11.35 10.90 11.70
10/27 11.21 10.70 11.60
10/28 11.07 10.70 11.30
10/29 11.46 11.10 11.70
10/30 11.90 11.60 12.20
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TABLE C-296 (CONT.) NORTH FORK WILLOW CREEK
DOWNSTREAM OF MANZANITA LAKE
(4.82 KM UPSTREAM OF NORTH FORK DIVERSION)

1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MEAN MINIMUM : MAXIMUNM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE (C> (C) (e
10/31 11.93 11.60 12.20
117 1 11.38 10.90 11.70 E
117 2 11.28 10.90 11.60 )
11/ 3 11,58 11.20 11.80 -
11/ a 11.51 11.10 11.70 m
117 5 11.30 10.90 11.60
11/ 6 11.56 11.20 11.90
i
"
E
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- TABLE C-297. NORTH FORK WILLOW CREEK
5 ‘ & UPSTREAM OF NORTH FORK DIVERSION
lﬂ (0.40 KM UPSTREAM OF NORTH FORK DIVERSION)
!‘/, 1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES
lg' " MEAN MINIMUM MAXIMUM
- TEMPERATURE TEMPERATURE TEMPERATURE
! DATE {eP) . (C) (C)
i! 6/21 17.50 17.00 18.00
.“ 6/22 17.58 16.00 19.50
' ‘ 6/23 18.23 16.50 20.50
6/24 18.73 17.50 20.50
g : 6/25 19.13 17.50 20.50
’ 6/26 19.50 18.00 21.00
] 6/27 20.58 18.50 23.00
! 6/28 20.71 19.50 22.00
' 6/29 20.19 19.00 22.00
- 6/30 19.52 18.00 21.50
77 1 18.96 18.00 22.00
g 7/ 2 20.94 19.00 23.00
: 7/ 3 21.42 20.00 22.50
7/ 4 22.42 21.00 24.00
7/ 5 22.90. 21.50 24.50
7/ 6 23.17 21.50 25.00
% 77 7 22.81 21.00 25.00
4 ) 7/ .8 21.81 19.50 24.00
: 7/ 9 20.98 18.50 23.50
7710 21.02 18.50 24.00
h! 7711 21.17 18.50 24.00
» . 7/12 21.06 18.50 23.50
. 7/13 21.38 19.00 23.50
‘! 7/14 21.40 20.00 22.50
I 7/15 . 22.08 20.50 , 24.00
7/16 : 23.10 21.00 25.00
7/17 24.06 22.00 26.50 &
7/18 24.08 22.00 26.00
- 7719 23.92 T 22.00 , 26.00
7/20 23.42 21.50 . ‘ 25.50
. 7721 22.17 21.00 23.50
e 7/22 20.31 - ' 19.00 21.50
7/23 20.79 19.00 ' 23.00
é% 7/24 - 20.77 19.00 23.00
i 7/25 - 13.48 ' 18.00 21.50
7726 19.92 " 18.00 22.00
E 77,27 20.73 : } 18.50 : 23.00 .
'7/28 - 20.96 - 19.00 : 23.00
- 7729 20.77 : 18.50 23.00
7730 - 21.21 18.50 23.50
q 7731 : 21.60 19.00 23.50
. 8/ 1 - 21.63 - ©19.00 24.00
o 8/ 2 ' 21.19. 19.00 24.00
}Iﬂ 8/ 3 _ 20.56 ' 18.00 23.00
i c-317
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TABLE C-297 (CONT.) NORTH FORK WILLOW CREEK '
’ UPSTREAM OF NORTH FORK DIVERSION ,
(0.40 KM UPSTREAM OF NORTH FORK DIVERSION)

1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- - . A = . e S e S e WP MDD w ae e e B R e ED e D WS R EE D GP R SE en e S G TR e W e SR T We G SR WP e T WP G A e e -
-

)
”

MEAN MINIMUM MAXIMUN L
TEMPERATURE TEMPERATURE TEMPERATURE lﬂ
DATE (C) (C) ' (C) ;
8/ 4 20.40 18.00 23.00
87 5 20.33 18.00 23.00 IE
8/ 6 20.29 18.00 22.50
8/ 7 20.65 18.00 © 23.50
8/ 8 21.04 18.50 23.50 lﬂ
8/ 9 21.33 18.50 24.00
8710 21.63 19.50 23.50
8/11 21.50 19.50 23.50 IH
8/12 21.06 19.50 22.50 -
8/13 21.29 19.00 23.50 ;
8/14 20.80 19.00 23.30 ,
8715 20.29 19.80 20.90 IE
8/16 20.52 18.70 22.40 N
8/17 20.91 18.90 22.80 o
8/18 21.18 19.40 23.20 E
8/19 20.82° 18.90 22.80 i
8/20 20.26 18.30 22.30 A
8/21 20.36 18.40 22.20 lﬁ

8/23 19.82 18.60 21.20 |
8/24 19.43 18.40 20.80 -
8725 18.73 17.70 19.80 !E
8/26 18.90 17.50 20.40 ]
8/27 19.57 18.20 21.20 L
8/28 20.17 18.60 21.80 ' Ig
8/29 20.82 15.30 22.50 o
8/30 20.65 19.40 21.90 o
8/31 1S.66 18.50 21.10 !E
9/ 1 18.67 17.20 20.20 o
9/ 2 18.66 16.90 20.30 -
9/ 3 19.03 17.30 20.80 =)
9/ 4 19.43 17.60 21.20 :EE
S/ 5 19.85 18.30 21.40 “
9/ 6 18.72 18.30 21.30 .
s/ 7 19.03 17.40 20.70 @%
9/ 8 19.10 17.30 20.80 X
9/ 9 19.24 17.70 20.50 4
9/10 19.37 17.80 21.00 g
9/11 19.47 18.00 © 20.90

9/12 19.45 18.20 20.80

9/13 . : 19.41 18.20 21.00

9/14 19.21 17.70 20.80

9/1% 19.02 17.40 . 20.60 g
9/16 19.21 17.60 _ 20.80 k!
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TABLE C-297 (CONT.)> NORTH FORK WILLOW CREEK
UPSTREAM OF NORTH FORK DIVERSION
. (0.40 KM UPSTREAM OF NORTH FORK DIVERSION)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

o . - W v D W e e AR S AN e B e e e e e e e N e G WP e N e TR em e N M e e e S M R R e e e MR e e o e e e N e - e

: MEAN MINIMUM : MAXIMUNM
‘! , TEMPERATURE TEMPERATURE TEMPERATURE
DATE (C) (C) C
E 9/17 19.63 17.90 21.30
: 9/18 21.54 20.70 22.10
| 9/19 21.42 20.80 21.90
@ 9/20 21.11 20.60 21.60
9/21 19.93 19.30 20.40
9/22 18.92 18.20 19.90
9/23 18.24 17.60 18.90
! 9/24 17.95 17.30 18.50
" 9/25 16.81 15,90 17.40
S/26 16.66 .15.70 17 .70
! 9/27 17.0S 16.00 18.20
‘ 9/28 16.89 15.70 17.90
9/29 16.51 15.40 17.70
_ 9/30 15.84 ".14.90 16.60
! _ 10/ 1 15.36 14.90 15.80
10/ 2 14.75 14.00 15.40
10/ 3 14.75 13.90 15.60
l o 10/ 4 14.68 13.80 15.40
= 10/ S 14.75 13.90 15.60
10/ & 14.71 13.80 15.60
g 10/ 7 14.83 13.80 15.70
: 10/ 8 14.78 13.80 15.70
; 10/ 9 14.73 13.80 15.60
' 10/10 14.60 13.70 15.40
E 10/11 14.20 13.70 14.60
10/12 13.19 12.50 13.80
10/13 13.05 12.20 13.80
g 10/14 13.35 12.80 13.80
e 10/15 11.86 11.20 12.60
10/16 10.48 10.20 11.10
! 10/17 10.90 10.30 11.50
, ' 10718 10.04 9.40 10.40
10/19 10.70 10.20 11.30
10/20 11.24 10.90 11.70
10/21 10.86 10.30 11.30
10/22 10.40 9.80 10.90
) 10/253 10.07 9.40 10.70
! 10/24 10.09 9.50 10.70
10/25 10.10 9.50 10.70
10/26 10.33 9.80 11.00
10/27 10.19 5.70 10.70
ﬂ 10/28 9.54. 9.00 10.00
10/29 10.12 .10 11.10
E 10/30 11.14 10.30 12.00
c-319
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TABLE C-297 (CONT.)> NORTH FORK WILLOW CREEK
UPSTREAM OF NORTH FORK DIVERSION
(0.40 KM UPSTREAM OF NORTH FORK DIVERSION)

1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

e = = = e = = e e e e T R e e R R T - e e e S e e A e - G e e e = e e

MEAN MINIMUM MAXIMUN
TEMPERATURE TEMPERATURE TEMPERATURE
DATE (C> : )} )
10/31 11.25 10.80 i1.70
11/ 1 10.47 9.80 11.10 E
11/ 2 10.51 9.80 11.30 .
117 3 11.00 10.50 11.40
11/ 4 10.63 10.00 11.20 E
11/ 5 10.60 9,90 11.30
11/ 6 11.10 10.60 11.60
117 7 11.33 10.90 11.60 i
Cc-320
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TABLE C-298.

WILLOW CREEK
AT PGandE GAGE W26

(6.92 KM UPSTREAM OF THE SAN JOAQUIN RIVER)
AND MAXIMUM TEMPERATURES

1984 MEAN, MINIMUMN,

MEAN
TEMPERATURE
)

TEMPERATURE

MINIMUM

C)

MAXIMUM
TEMPERATURE
(§o))

'
- e . e - T e o P W S S W T W i G S e e e . e e T e e M S G S L R S e WS WP e WD ML R R R R R e e em e e e W

© 18R8 bv Parifir (Gac and Flartrie Camnany
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27.00
27..50 &,
27.00
26.50
26.50
25.50
24.50
24.00
24.50
25.00
25.50
26.00
26.50
27.50
27.50
27.50
27.00
27.00
25.00
24.00
25.00
25.00
25.00
25.50
26.00
25.50
25.50
26.00
26.00
26.00
25.50



TABLE C-298 (CONT.) WILLOW CREEK
‘ AT PGandE GAGE W26 :
(6.92 KM UPSTREAM OF THE SAN JOAQUIN RIVER)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

- o e v s W e S e G e B T R G G e T e e e e G G e G Ge G R e R e S e G e T T A W e e e e R e e e e me a e

MEAN MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE <y - ) o))
8/ & 23.65 22.00 25.00
8/ 5 23.71 22.00 25.50
8/ 6 23.54 21.50 25.00
8s 7 23.94 22.00 26.00
8/ 8 24.48 22.50 26.50
8/ 9 24.98 23.00 26.50
8710 25.17 24.50 26.%0
8/11 24.60 23.00 26.50
8/12 24.73 23.50 26.00
8713 24.73 23.00 26.50
8714 24.50 23.00 26.00
8/15 24.08 23.20 25.10
8/16 23.48 21.50 25.70
a8s17 24.54 22.60 26.40
8718 25.12 23.20 27.10
8/13 24.70 22.70 26 .80
8/20 23.80 21.60 25.70
8/21 23.95 21.80 25.90
8/22 21.27 18.50 24.40
8/23 19.78 19.30 20.20
8/24 20.57 20.20 21.10
8/25 20.80 20.10 21.20
8/26 20.91 20.20 21.40
8,27 21.77 21.10 22.40
8/28 22.76 21.90 23.30
8,29 23.78 22.80 24.50
8/30 24.12 23.10 24.60
8/31 22.92 21.60 24.10
S/ 1 21.88 20.40 23.00
S/ 2 21.76 20.30 22.60
g/ 3 22.16 20.80 23.00
S/ 4 22.49 21.20 23.10
9/ S 23.24 22.20 23.90
s/ 6 23.13 21.90 23.90
8/ 7 22.15 20.80 23.20
9/ 8 22.19 20.90 23.10
9/ 9 22.44 21.20 23.20
9/10 22.43 21.10 23.30
9/11 22.66 21.50 23.60
9/12 22.88 21.60 : 23.70
9/13 22.99 ' 21.80 . 24.10
9714 22.72 21.20 : 23.70
’ 9/15 22.52 20.90 23.60
9/16 22.63 21.10 23,90
c-322
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TABLE.C-fse (CONT.)

WILLOW CREEK

AT PGandE GAGE W26
(6. 92 KM UPSTREAM OF THE SAN JOAQUIN RIVER)
AND MAXIMUM TEMPERATURES

1984 . MEAN MINIMUM,

MEAN

TEMPERATURE
«CO

MINIMUM

TEMPERATURE

(Cy.

MAXIMUM

TEMPERATURE
>

C-323
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TABLE C-298 (CONT.) WILLOW CREEK
‘ AT PGandE GAGE W26
(6.92 KM UPSTREAM OF THE SAN JOAQUIN RIVER)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MEAN ' MINIMUM MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE

DATE (g o)) ' (CH (qo)]
10/31 9.63 8.980 10.10
117 1 “9.59 8.10 11.20
117 2 9.20 7.:80 10.60
11/ 3 10.41 9.20 11.60
11/ 4 ©.31 8.50 11.00
11/ S 8.66 8.20 9.40
11/ & 9.87 8.80 11.20
117 7 10.98 10.50 11.40
117 8 11.40 11.40 11.40
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TABLE C-299. - WHISKY CREEK

8711
8/12
8/13
8/14
8/15
8/16

8717

. UPSTREAM OF CONFLUENCE WITH WILLOW CREEK
(2.90 KM UPSTREAM OF THE SAN JOAQUIN RIVER

b/
ES

MAXIMUM
TEMPERATURE
)

1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATUR
- MEAN - MINIMUM
TEMPERATURE TEMPERATURE
(C) . (C)
23.94 23.00
23.49 21.80
23.04 21.30
21.86 '19.90
20.70 18.70
20.38 18.20
20.61 18.40
20.94 18.70
21.67 19.60
21.86 20.80

R 22.53 21.00
23.03 21.30
23.88 22.20
23.85 22.00
23.63 22.00
23.13° 21.40
22.05 20.80
20.04 18.90
20.67 18.90
21.03 1S.20
20.77 18.90
20.72 18.50
21.42 19.20
21.38 15.50
20.89. 18.70
21.20 19.00
21.82 13.90
21.81 15.60
21.29 13.40
20.53 18.40
20.56 18.30
20.55 18.40
20.44 18.20
20.98 18.70
21.42 18.90
22.02 19.70
22.24 21.00
22.04 20.10
21.87 20.10
21.90 19.90
21.67 19.40
21.47 20.80
21.57 19.60
22.03 20.10

C-325
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TABLE C-299 (CONT.) WHISKY CREEK
UPSTREAM OF CONFLUENCE WITH WILLOW CREEK
(2.90 KM UPSTREAM OF THE SAN JOAQUIN RIVER)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

e e - = A = AP WP T e AR R e 4 e D = S D e S e T e e -
-

MEAN MINIMUNM MAXIMUN ,
TEMPERATURE : TEMPERATURE TEMPERATURE

DATE (C)y ({eP)} )

8/18 22.26 20,40 24,40
8719 21.56 19.70 23.80
8/20 20.58 18.30 23.00
8/21 20.96 18.70 23.60
8/22 21.72 19.80 24.20
8/23 21.51 19.80 23.10
8/24 20.386 19.20 22.90
8725 20,17 18.30 22.30
8/26 20.48 18.30 22.90
8/27 21.17 12.10 23.40
as28 21.81 19.70 24.30
8/29 22.51 20.50 25.00
8/30 22.01 20.50 23.60
8731 20.56 18.80 22.60
S/ 1 19.77 17.60 22.10
9/ 2 20.02 17.70 22.60
s/ 3 20.48 18.20 23.10
9/ 4 21.00 18.60 23.80
9/ 5 21.63 19.60 24.10
9/ 6 21.10 19.30 23.20
s/ 7 20.13 17.90 22.50
S/ 8 20.55 18.20 23.30
9/ 9 . 20.89 18.70 23.30
5/10 20.81 18.70 22.90
9/11 21.09 18.30 23.10
9/12 21.05 -19.40 23.10
8/13 20.90 19.30 23.10
9/14 20.64 18.70 22.80
g/1% 20.39 18.30 22.70
9/16 20.62 18.40 23.10
S/17 21.11 18.90 23.40
S/18 21.83 20.10 23.80
9/19 21.44 19.80 23.20
9/20 21.07 19.80 22.60
gs/21 19.45 17.60 21.20
S/22 19.12 17.40 21.00
S/23 17.99 16.40 19.60
9/24 17.25 16.10 18.70
g/25 16.10 14.10 18.20
9/26 16.58 14.80 18.70
S/27 17.10 15.20 19.10
9/28 17.23 15.30 19.30
9/29 17.02 15.20 19.00
9/30 16.35 15.10 17.60
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TABLE C-299 (CONT.) WHISKY CREEK
.. UPSTREAM OF CONFLUENCE WITH WILLOW CREEK
(2.90 KM UPSTREAM OF THE SAN JOAQUIN RIVER)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MEAN MINIMUM _ MAXIMUM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE (C) {eP) (C)
ios 2 14.97 13.80 16.00
10/ 2 14.91 13.40 16.40
i0/ 3 15.08 13.60 16.60
10/ 4 15.17 13.80 16.70
107 5 15.40 14.10 17.00
10/ 6 15.37 14.00 17.00
10/ 7 15.59 14.10 17.30
10/ 8 15.60 14.00 17.30
10/ S 15.52 - 14.10 17.00
10710 15.64 14.20 17.20
10/11 15.12 14.30 i5.70
10712 13.94 12.90 15.00
10/13 14.05 12.80 15.10
10/14 14.30 13.50 14.90
10/15 12.35 11.40 13.20
10/16 11.02° 10.60 11.70
10717 10.74 9.90 11.20
10718 9.30 8.30 10.10
10/19 10.67 106.00 11.60
10/20 11.15 10.80 11.70
10/21 10.83 10.10 11.40
10722 10.56 9.60 11.40
10/23 10.31 9.20 11.30
10/24 10.48 9,60 11.40
10/25 10.54 .70 11.40
10/26 10.80 10.10 11.70
10/27 10.72 9.90 11.40
10/28 10.17 9.30 10.90
10/29 10.06 9.10 10.90
10730 10.79 9.80 11.80
10/31 10.78 10.10 11.40
11/ 1 10.05 9.10 10.80
117 2 9.80 8.80 10.80
11/ 3 10.54 9.70 11.20
11/ 4 10.34 9.60 11.00
11/ S 10.17 9,20 11.00
11/ 6 10.80 10.10 11.60
11/ 7 11.24 10.60 11.70
11/ 8 10.62 10.10 11.40
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TABLE C-300. " WILLOW CREEK
SO AT USGS GAGE 2465
S (1.45 KM UPSTREAM OF THE SAN JOAQUIN RIVER)
1984 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES

MEAN MINIMUM MAXIMUNM
TEMPERATURE TEMPERATURE TEMPERATURE
DATE «C) CH (C)
6/21 20.38 . 19.00 22.00
6/22 19.42 17.50 21.00
6/23 20.15 18.00 22.00
6/24 20.90 19.00 22.50
6/25 21.00 18.50 23.00
6/26 21.35 19.00 23.50
6/27 1 20.70 17.50 22.50
7/12 22.94 20.50 26.00
7/13 23.56 21.50 26.00
7/14 23.75 22.50 26.00
7/15 24.42 23.00 27.00
7716 24.94 23.00 27.00
7/17 26.25 24.50 29.00
7/18 26.23 24.50 29.00 &
7719 25.54 24.00 28.00
7720 25.00 23.00 27.50
7721 23.90 22.50 25.50
. 7/22 21.94 20,50 23.50
/ 7723 22.56 20.50 25.00
/ 7/24 23.04 21.00 25.50
/ 7725 22.81 20.50 25.50
7726 22.63 20.50 25.50
7727 23.40 21.00 27.00
7/28 23.40 21,50 27.00
7/29 22.90 20.50 26.50
7730 23.21 21.00 27.00
7/31 1 23.83 21.50 27.50

INSTRUMENT MALFUNCTION
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Stream temperatures were mopitored v.vith Omnidata Model 112 temperature recorders at

several locations.Aanitoring occurred in all years from 1984 to >1992, except 1985,

when no temperature data were coliected’. pecially made Omnidata program chips were

used to allow temperatures to be measured to the nearest 0.1°C (Bozeman 19864, 1986b).
!

Stream temj:erafure was monitored at the following locations in each stream segment:

SFWC below Browns Diversion (SfW 10.0), SFWC below Forest Service Road (SfW 5.8

, , N\ .
and 7.7), and NFWC below Bass Lakf/(foW 6.4 during 3 years; NfW 11.0 in all years

£
I
o
o

except 1984, when only the seepage from Crane Valley Dam was monitored). Additional
. : stream temperature data were collected in San Joaquin Ditch #3 to monitor temperatures
at the water source that would be used for increased instream flow sfudies in the stream

. ‘ segment NFWC below Bass Lake.

) li Stream flow and :temperature data are summarized in Tables E2.3.2b-2 and E2.3.2b-3.

‘\ (The data was collected on a daily basis at dii%ferent times of the day. The temperatures
- . recorded exceeded 20°C for more than 13 days in 1989, 1990, and 1995 at NEW 11. For
| SFW 5.8 & 7.7, which is & combination of data collected at both sites, the temperature
exceeded 20° C for more than 15 days thru the years 1987 to 1990, and also in 1992,
1994, and 1996. The warmest and. most 20 degree exceedance temperatures ‘were

recorded in 1988.

£2-54
Crane Valley Project, FERC 1354
© 2001, Pacific Gas and Electric Company




e s A ST

: e
e it ot e O

R

TABLE E2.3.2b-2
NFWC below Bass Lake (NfW 11) (1986-1996)

’ L]
Min, Flow Max. Flow Min. Temperature =~ Max Temperature
Year {cfs) (cfs)- (&%) [ () Days over 20 °C .
. 1986 0.16 2100 4.7 : 20.6 1 .
1987 0.16 38 36 20 A
1988 0.24 28 438 20.6 2
1989  -0.01 1.5 : 43 : 20.8 16
1990 0.17 22 34 2 34
19917 015 26 39 , 20 2
1992 0.19 33 . 4,63 ) 198 - . 0
1993 049 493 3.86 18.69 0
1994 39 152 527 17.86 0
1995 3t 2200 4.94 . 22.55 14
1996 32 423 5333 16.93 0
Source: Studley et al., unpublished data. ) '
TABLE E2.3.2b-3 . ,

SFWC below Forest Service Road (SfW 5.8 &‘7.7)_ (1986-1996)

Min Flow Max Flow Min Temperature =~ Max Temperature

Year (cf5) (cf5) (s} Q) Days over20°C . .
1986 0.5 1200 3.6 20.36 4 -
1987 0.4 190 - 4.54 2 16

1988 0.2 25 417 23.01 s4 . ”

1989 0.2 90 . 307 218 18

1990 0.3 13.8 4.15 2.5 32 ' /’ ] ) '
1991 02 282 3.54 218 12

1992 021 28 3.51 224 27

1993 1.2 '204 1.52 20.63 6

1994 039 3 129 2129 28 S
1995 2.6 524 236 2022 S '

1996 1.8 598 2.36 : 22.03 21

Source: Studley et al,, unpublished data.

Several stream temperature statistics were calculated for each stream segment from 1986
to 1992, for use in the correlation analysis with biological variabl)es: number of days over
"20.0°C by year; number of degree days over 20.0°C by year; number of degree days over
0°C by year; and mean, median, and maximum temperatures for April through June and

, E2.55
Crane Valley Project, FERC 1354
© 2001. Pacific Qac and Rl ~
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TABLE C-289.

DATE

6/20
6721
6722
6/23

6/24

6/25
6/26
6/27
6728

6/29.

6/30

7/
7/
7/
7/
7/
7/
7/
77/
7/10
7711
7/12

7413

7/14

7715

7716

. ?2/17

7718
7719

7720

7/21
7722
7/23
7724
7/25
7/26
7727
7/28
7729
7/30
7/31
87 1
8/ 2

g

\DU)*IO‘U'-&&)NH

SOUTH FORK UILLOW CREEK

'UPSTREAM

‘;Zj/ 1180 ¢

(10.60 KM UPSTREAM OF SOUTH FORK DIVERSION)
19347 MEAN, MINIMUM, AND MAXIMUM TEMPERATURES S S

-—---------u---—- ekl il e et R A Skl dd ot S it

! ---—-----------------—-—-----------------ﬁ-----------‘--

 MEAN MINIMUM
TEMPERATURE TEMPERATURE
(C) T C)

14.36 A/o > 4.9 €13.50
13.63 6,12 .50
13.98 12.50
14.50 ""3 4k D 13.00
14.98 13.50
14.94 13.50
15.17 14.00
15.7% 14.50
16.40 15.50
16.21 15.50
15.63 ' 14.50.
15.98 14.50
16.98 16.00
17.94 7 17.00°
18.277" 17.507
18.46.; , 17. sej
18.67-7 18.007
18.02. 17.00
16.83:7 16.00
15.88: 15.00
15.69—p 7.4} - 14.50
16.02 15.00
16.23 15.00
16.77 16.00
17.177, 16.50
17.65" 17.00
17,932 17.00
1a;ss;f 18.007
18;56/, 17.507
18.337, 17.50/
17.757, 17.00
17.21. 70901 16 .50
15.88 I1.¢ 115.50
16.29 15.50
16.50 15.50
16.48 15.50
16.44, 15.00
16.79 16.00
'16.75 16.00
16.23 15.00
16,44 15,50
16.73 16.00
16.88 16.00
16.58 . 15.50
12 greamtr han

/3
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only For :q@%

1S Ha A

mdm’?
g &Pf)@

MAXIMUN

TEMPERATURE

)

14.50 —
14.50 — 2
15.50 — 3
16.00 — ¢
16.00 — 5
16,00 ¢
16.00 — 7
17.00 ——%
/r7.50-&»9
17.00 — 0
16.50 —1
17, 50—#”3§
~18.00 —
_19.00— /1.
/19.50 — /5
_19.50 —- /b
/19.50 —— 17
719.00 — /5
18,00 — 7
17.00-—— 2
17.00
17.00—3%%
- 17.50— 2%
,18:00— 2y
_18.00—2%
~18.50—— 26
19.00-——27
_ 20. oOw—-Z’
,19.50— *
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Temperature (C)

JULY MEAN DAILY TEMPERATURES
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Waterbody ID: CAR5402105120000216112815
Waterbody Name: . ~ Willow Creek (Madera County)
Pollutant Name: Temperature, water
Source Name: Hydromodification
Designated Beneficial Uses : AG - Agricultural Supply
Factsheet ID: . 2663
" |LOE ID: o 2929
Reference
.Save Reference
Title:
Author: ' [Bowie, G. .
|Agency: _ |Tetra Tech Inc. ' ey
Publication: | o

Publication Date:

ublicati .| (mmiddiyyyy) ,
Issue: - L
|Volume: f
Pages Cited: e
URL: W& "
Record Index: I -
Select Waterbody ID: ICAL5402105020020430105627 Manzanlta Lake (Madera County) o [
Select Board: - IReglonaIA Board I S e Ll EJ
Select Reference Type: [Report [] |
Select Media: < |HardCopy -~k
Relevant ? -
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Table 3-57. Maximum temperatures in Project wa

during 193% (Woodward-Clyde

Consultants 1985).
- ( NI T ) Difference between
Maximum Maximum daily daily mean and
temperatures - mean te tures daily maximum
Station (°0) ¢ . (°C)_
N. Fork Willow
Creek at
Crane Valley 20.7 20.5 0.5
Powerhouse (25.5 durin (10.0 durlng
PH outage PH outage,
N. F"v:n'kI Willow '
Creek 0.2 km . _
below Bass Lake 21.0 20.5 0.2
N. Fork Willow
Creek above
Manzanita Lake 21.9% 21.0% 1.0*
Manzanita 23.6 22.0 1.5
Lake (2%.5 during (23.7 during
PH outage) PH outage)
'N. Fork Willow
Creek below
Manzanita :
Lake 25.5 24,2 1.5
N. Fork Willow
Creek above .
Ditch No. 1 "26.5 24,1 2.0-3.0
S. Pork Willow
" Creek above Browns
Creek Diversion 20.0 18.7 1.5
S. Fork Witlow
Creek below Browns
Creek Dlversim : 22.5 21.1 1.5
S. Fork Willow
s Creek above
Ditch No. | 25.0 245.1° 0.5-1.0
Willow Creek N
below confluence
of N. and S. Forks
at PGandE
Gage W-26 27.3- 27.0 1.5
Whisky Creek
above confluence
with Willow .
Creek o 23,9 24.0 2.0
Willow Creek
above San .
Joaquin River 29.0+ 26.3% 2.0-4.0%

" * Based on partial record.
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