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Daily Average Temperature Comparison - Butt Valley Reservoir
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Figure 3-26. Comparison of daily average temperatures from three stations in Butt Valley Reservoir — 2002.
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Caribou Powerhouse Utilization Test - July 2002
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Figure 3-27. Comparison of daily average temperatures from select stations during Caribou complex flow test — 2002.
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Daily Average Water Temperature - Station NF56 - 2002
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Figure 3-28. Comparison of daily average temperatures from telemetry sensors with insitu
recorders — 2002.
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Appendix A

Summary of Hourly Average Water Temperatures Data - UNFFR 2002

" Hourly Temperatures ' Data

Station Year ' Month  ‘max) min mean _ Days
[NFFR at - 2002 June 19.0 6.4 12.7 30
" Chester 2002 nly Qo 13 157 31
(NEL) 2002 Aug 191 9.8 14.2 31
2002 Sept 16.5 7.5 115 30
Hamilton 2002 June 15.3 8.1 11.8 30
Branch at - 2002 July 15.4 9.0 12.0 31
Road bridge 2002 Aug (ll.:lj 8.8 11.8 . 31
@B 2002  Sept 138 8.1 10.4 30
Hamilton 2002 June 17.8 7.9 12.6 30
Branch 2002 July 18.3 9.7 13.3 21
' Powerhouse 2002  Aug o216 143 17.5 30
@) 2002 Sept 19.6 8.2 144 30
\A Lake Almanor 2002 June 235 14.6 19.7 30
at Canyon Dam 2002 July 259 21.1 23.6 31
near surface 2002 Aug ©(@2607 214 23.1 31
mlf\S)D 2002 Sept 232 18.0 20.0 30
\A Lake Almanor 2002 June 9.5 8.1 8.9 30
at Canyon Dam 2002 July 10.7 9.2 9.9 31
near bottom 2002 Aug 114 10.2 10.8 31
CLATBY) 2002  Sept <GIE 109 113 30
lICIFFR beilo,w 2002 June - 13.0 9.8 113 30
Canyon Dam 2002  July 13.9 11.3 12.5 31
<{(NE2)2 2002 Aug 14.0 12.5 13.3 31
/ 2002 Sept 48> 126 13.7 30
(NFFR at 2002 June 16.6 9.6 13.5 30
Se% Bridge 2002 July 74> 119 15.0 31
\F3) 2002 Aug 17.0 11.5 14.5 31
=0 2002 Sept 157 106  13.4 30
(NFFR above 2002 June 17.6 104 14.3 30
“Caribou PH 2002 July 184> 131 15.9 31
<INF4)) 2002 Aug 179 121 15.0 31
, 2002 Sept 16.3 10.8 134 30
| (Buttvalley 2002 June 169 7.9 15.5 4
Powerhouse 2002 July 224 14.3 20.2 29
[Corrected] 2002  Aug °Q2% 18.4 21.2 31
@)‘7 2002 Sept 21.6 18.1 19.3 30
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Appendix A (Continued)

Daily Temperatures ' Data

Station .Year Month max min mean  Days |
N\ {Butt Valley Res. 2002 June 22.7 17.3 20.1 30
at Caribou Intake 2002  July o @35> 21.6  23.3 31

Near surface () 2002 Aug 24.8 214 227 31 .
C(BV2:9)- 2002 Sept 23.0 183 - 201 30

~\ [Butt Valley Res. 2002 June - 1211 92 104 0 | d}}
Vi

“at'Caribou Intake 2002 July 18.7 1.7 150 31
Near bottom yry 2002 Aug 20/ 184 200 31
BV2ZB) ld 2002  Sept 208 182 193 30

Butt Creek above 2002 June 18.3 8.5 13.9 30
Butt Valley 2002 = July (89> 103 147 31
Reservou 2002  Aug 177 89 131 31
\3 2002 Sept 153 7.6 ‘111 30

Butt Creek below 2002 June = 11.1 102 106 30
Butt Valley 2002 July —dI2> 105 107 31
Reservoir \) 2002 Awg (B2 104 107 31

(BC2)~> 2002 Sept 111 102 105 30

Butt Creekat 2002  June  13.3 96 115, 30
Mouth  M(' 2002 July 139 1.1 124" 31
®C3) :° 2002" Aug 40> 108 124 31
- 2002 Sept 136 105 {20 . 30

Caribou No. 1 2002  June 14.9 10.6 12.7 5
Powerhouse .. 2002 July 21.3 1.8 19.3 29
[corrected] = ' 2002  Aug + 222> 189 214 31
. (CARBY) 2002  Sept 21.6 18.0 19.7, 30

CaribouNo.2 2002  June 224 14.7 19.3 30
Powerhouse. 2002  July o Q47> 198 . 232 28
& [correctcd] 2002 Aug 24.0 213 22.5 31
ARB2A) 2002  Sept  22.6 18.1" ~"19.9 30

- A
Belden Reservoir 2002 June  21.8 17.8 19.5 30 , '
. . ) )
At Intake 2002 July o Q30> 190 21.5 31 | s¥ad
(@D - 2002 Awg 229 212 219 3l Y ovcend
2002  Sept 219 18.5 "' 19.8 30 4

NFFR below' 2002  June 193 156 174 30
BeldenDam 2002  July . 214 177 ‘194 31
C(NFs)/ 2002 Aug SC2I 199 207 31
2002 Sept 213 158 188 30
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Appendix A (Continued)

. Daily Temperatures ! Data

Station Year Month max min mean . Days
Mosquito Creek 2002 June 15.6 10.5 130 © 30
Atmouth ~ 2002 July Jd67° 129 14.7 31
(MCI)D 2002 Aug 16.4 12.0 13.9 31
2002 Sept 14.7 10.8° 122 30
NFFRnear 2002  June 213 147 171 - 30
Queen Lily 2002 July Q2D 168 19.5 31
Campground 2002 Aug 9 QZ9> 186 203 31
(NFE6)” 2002  Sept 226 144 180 30
{NFFR near 2002 June 22.5 14.3 17.5 30
Gansner Bar 2002 July (240> 163 19.7 31
(NED> 2002 Aug 238 17.3 20.1 31
2002 Sept 23.0 139° 176 30
East Branch 2002 June 25.1 158 208 30
NFFR at mouth 2002 July » 265> 205 23.8 31
(EBI)Y 2002 Aug 254 185 . 218 31
2002 Sept 227 15.5 18.2 30
NFFR atBelden 2002 June 239 15.1 19.4 30
Town Bridge 2002 July » (252> 18.2 214 31
(NE8). 2002  Aug 247 1727 207 31
2002 Sept 23.2 14.8 18.0 30
Belden ’\\.\L’ 2002 June 18.8 17.3 18.0 7
Powerhouse 2002 July ,(22® 18.7 21.2 29
O (BD2) 2002 Aug @28 21.2 21.8 31
2002 Sept 219 18.2 19.8 30
Yellow Creek 2002 June 18.9 108 " 15.0 30
Near mouth , =~ 2002 Ty @01> 146 17.1 31
«¥CH>, v 2002 Aug 19.2 12.7 156 - 31
2002 Sept 16.5 11.0 13.1 30
Chips Creek (™ 2002 June 194 8.9 13.6 30
Near mouth \ 2002 uly - Q10> 133 16.8 31
(CHIP)> . 2002 Aug 20.6 124 15.9 - 31
2002 Sept 18.6 10.8 13.7 30
NFFR below Rock  --- - - —- - -—-
~ CreekDam’ - - - - o -
- @R - - - — --- -
_NFFR at NEF-57 2002 June 224 18.8 20.3 5
Insitu Recorder 2002 July Q234D 192 21.3 31
<«(NF10) 2002 Aug 233 19.9 21.2 31
2002 Sept 21.9 17.3 19.1 30
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Appendix A (Continued)

Daily Temperatures T Data

Station Year Month ¢fiax> Min  mean Days
Milk Ranch Creek 2002 June 18.8 8.6 14.0 30
Near mouth 2002 July <204 12.5 16.4 31
CMRIY 2002 Aug 19.6 112 150 31
2002  Sept 170 96 127 30
Chambers Creek 2002 June 196 - 6.9 13.7 30
Near mouth 2002 July o9l 1238 169 31
(CHAMY: - 2002 Aug 210 112 157 31
: 2002  Sept 189 9.7 138 30
'NFFR near Tobin 2002 June 22.8 14.0 18.6 30
blw Granite Crk 2002 July 02430 182 215 3
NF1D)5 2002  Aug 239 178 210 31
2002  Sept 223 162 ' 188 30
Jackass Creek . 2002 June 19.8 7.3 ©14.1 30
Near mouth 2002 July QL2 128 170 31
(KC 2002  Aug 20.3 11.8 159 31
2002  Sept 184 105 142 30
‘NFFR abv Bucks 2002  June 224 13.7 18.6 . 30
Creek 12002 July ec24:0> 184 216 31
‘™NF12) 2002  Aug 236 177 210 31
2002  Sept 220 161 ' '18.8 30
[~ Bucks Creek 2002 June 217 97 ' 160 30
Near Mouth 2002 July ,235 139 18.6 31
{BUCK1y 2002  Aug 219 12.1° .. 16.9 31
2002  Sept 192 . 101 140 30
Bucks Creek 2002  June 199 122 - 156 27
Powerhouse 2002 July 200> 152 16.7 26
~ (BUCK?) 2002  Aug 183 132 143 21
2002  Sept 152 12.4 4:1:13.0 30
Jj‘NFFR abvRock 2002  June  22.7 14.0 18.6 30
Creek Powethouse 2002 = July 41 175 20.7 31
NED3) 2002  Aug 230 16.1 193 31
2002  Sept 209 14.2 16.3 30
1. Rock Creek 2002 June 20.3 15.5 18.1 30
Powerhouse 2002 July 2.8 19.3 21.3 31
{Rciy 2002  Aug 228 202 217 31
2002 Sept . 22.0 181 .19.8 31
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Appendix A (Continued)

Daily Temperatures ! Data

CStation; ¢Yéar> Month quax7? Min  mean  Days
Rock Creek 2002 June 18.8 10.3 14.8 30
Near mouth 2002 July 07 15.5 18.1 31
CRC2)> 2002  Aug 20.3 146 171 31
2002 Sept 18.0 13.0. 14.8 30

NFFR abv Grizzly 2002 June 21.8 15.7 18.4 30

Creek 2002 July L2258 198 212 31
(NE14) 2002 Aug 222 189 207 31

2002 Sept 213 17.0 18.5 30

Grizzly Creek 2002 June 20.4 11.0 159 30
Near mouth 2002 July °Q27> 159 19.3 31
(GRL)” 2002 Aug 223 149 18.0 31
2002 Sept 19.2 12.7 15.0 30

(NFFR at NF-56 2002  June  22.6 15.0 18.4 30
blw Grizzly Crk 2002 July 2352 191 213 31
NET5)D 2002  Aug 23.2 182 206 30
2002  Sept 219 16.5 18.4 30

(NFFR abv Cresta 2002  June 229 148 187 30
Powerhouse 2002 July <Q39> 191 217 31
CENET6) 2002 Aug 236 181 209 31
2002 - Sept 219 163 185 30

Cresta 2002 June 21.1 15.9 18.5 30

Po erhouse\ 2002 July Q28 200 214 30

R 2002 Aug Q2% - 193 210 31

2002 Sept 212 171 187 30

“onl ‘Middle Fork 2002  June 229 140 182 30
mide 6 (Feather River ~ 2002  July °Q53> 191 219 31

At Milsap Bar 2002 Aug 244 17.3 20.3 31

% e | (('JMB 1.)3?’ 2002  Sept 214 151 173 26
S el a .

1. Values are based on hourly average data, month statistics représent the maximum,

minimum, and mean based on these hourly average temperatures -For example,

the maximum June temperature represents the maximum hourly average
temperature measured in June.
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APPENDIX B

REVISED WATER TEMPERATURE MODELING FOR THE ROCK CREEK-
CRESTA HYDROELECTRIC PROJECT - FERC PROJECT NO. 1962
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The Figures are pages 3-100 up to 3-117 '

~ The only moritoring locations relevant to the main channel of the North
Fork Feather are labeled NF1 - NF16. There was no NF - 9 during this
year.

My visual inspection of the graphs shpw the following

0/120 days (using daily average as a surrogate for hourly) for stattons
NF1, NF2, NF3 and NF4

NF5, NF6, NF7 are close calls if you make assumptions regarding the
relationship of the daily average temperature to hourly

NF8 27/120 days >21
NF 10 36/120 days > 21
NF 11 36/120 days >21
NF 12

NF13 272 | /h:%/n /%”
NF14,15 and 16 31-42/120 days >21

I will also fax some graphs - Palma
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Comparison of 2002 Daily Average Temnperature - Lower Belden Reach of the NFFR
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Figure 3-18. Comparison of daily average temperatures in the lower Belden Reach ~ 2002
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ROCK CREEK-CRESTA COMPLIANCE MONITORINiG REPORT -- 2002

1 INTRODUCTION

1.1 BACKGROUND

NFFR water temperatures in the Rock Creek and 'Cresta.rea.chés‘r‘eﬂect a combination of
‘conditions derived from sevéral sourcés including; the upper North Feather River
(Federal Energy Regulatory Commission [FERC] Project' 2105), flows from the
imregulated. East Branch of NFFR;‘ small tributz}ry contributions, releases from Bucks
Creek Project (FERC Projef:t 619), and ﬂqw within Pr‘ojec"t'bypass reaches. The
temperature of wéter from Project 2105 is primarily deiermined‘by conditidns'at the non-
selective Prattville Intake ini Lake Almanor. Pursuant to tﬁe Rock Creek ~ Cresta
Relicensfng Settlement Agréement (Setﬂement Agfcemenp),’ 'thé Ecological Resource
Committee (ERC) and Forest Service tFS) have agreed to a pdsf—license monitoring and
modeling study to dete@ine if structural md&iﬁcation of the Pfattyille Intake is feasible,
and if these modifications can s.ustain.‘w'ater deliveries :such‘ that daily average
temperatures in tﬁe Rock Creek and Cresta reaches Would b‘é maintained below 20°C.
Pursuant to FERC Conditi(;n 4C - of the i’roject Liccmse(iésﬁed October 24, 2001),
. témpgrature mqnitoring is required during the summer months to determine if and to

what extent the 20°C temperature level can be met with reasonable control measures.

The Rock Creek-Cresta Hydroelectric Projéct License No.1962 required the Licensee to

file a water temperature mopitoring plan with FERC, which defsc‘:ribe'd the implementation

1-1
© 2003, Pacific Gas and Electric Company



Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

(including a schedule for implementation) of the water temperature monitoring program |
described in Condition No. 4C of the new Project License. The Rock Creek-Cresta water
temperature monitoring plan was prepared in consultation with the Rock Creek - Cresta -

ERC and the FS and was implemented in June 2002.

The objective of the water temperature monitoring program is to:

1. Document summer water temperatures and flows in the Rock Creek and Cresta
reaches as well as in upstream areas tributary to the Project.

2. Install and monitor continuous temperatures at two telemetry statlons installed at two
flow gaging stations in the Rock Creek and Cresta reaches.

3. Determine if mean daily water temperatures of 20°C or less can be met in the Rock
Creek and Cresta reaches to the extent that Licensee can reasonably control such,
temperatures, particularly if a modified Prattville Intake is implemented.

4. Develop and verify a temperature model that predicts, with reasonable accuracy, the
temperature profile of the river based on data from two telemetered temperature-
stations.

This report ‘documents the results and subseqﬁent analysis of the 2002 monitoring

program.

1.2 PROJECT SETTING

The Licensee’s North Fork Feather River Projects (FERC 2105 and FERC 1962) are
_locafed on the North Fork Feather River (NFFR) watershed in northeastern California
(see Figure 1-1). The Project is located in Plumas County, approximately 90 miles

northeast of Oroville, Caiifornia, and encompasses approximately 30 river-miles of the

.- upper NFFR.

1-2
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The NFFR is part of the greatér Sacramento River watershed and drains a large.portion of
| the eastern Sierra-Cascade 'g'édmorphic area in Célifornia. The NFFR watershed extends
from its headwater area originating on the southéastern slope of Mount Lassen to Lake
Oroville, fravérsing lands in L;assen, Plumas, and Butte counties. The main stem lof the
Feather River is formed downstream of Lake Oroville; the Nforth, Middle, and South
forks of the Féather River are impounded behind Oroville Dam which was completed in

1967.

The monitoring progrém involved cbllecting data from facilities associated wich the
Licensee’s Uppér North Fork Feather River Project (FERC 2105) and Rock Creek-Cresta
Project (FERC 1962). Both projects are part of a major hydroélgctric éeneration network
that utiliies the water resourc;,es of the NFFR and its tributaries for hydroelectric power
generation. Downstream of fhese Projects is the Poe Project (FERC 2107) operated by
the Lic‘en.see, and the Oroville Project (FERC 2100) owned by the State of California
Department of .Water Resources (DWR).. Deii\}ering water “to ‘the NFFR upstream of

Licensee’s Rock Creek Powerhouse is the Licensee’s Bucks Creek Project (FERC 619).

. 1-3
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Figure 1-1. Regional locatibn of study area.

. 1-4
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2 STUDY DESIGN -

2.1 MONITORING PROGRAM

2.1.1 Monitoring Network '
A first year of compliance water resource rhbnitoring ‘was initiated in May 2002, and

continued through September 2002. The monitoring program consisted of monitoring

i
continuous water temperature and continuous stream flow data from selected locations.
All monitoring activities were conducted. by staff or contract personnel from the

Licensee’s Technical and Ecological Services, Land and Water Quality Unit.

A map of the system (Figure 2-1) depicts i_nonitoring stationis;.in felation to the major
Project featufes such as ‘powerhouses, reservoirs and bypass reaches. Station
identification, lOcafion, moniforing aétivity ‘and ‘the rationale for séle'ction is shown in
Table 271. Results of the 2002 water resource monitoring effort are discussed in Section

{

3.
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\,

Table 2-1

Upper NFFR Water Quality Sampling Locations

Alternate

. Station : : Monitoring
Station ID Identification Station Location Activity
NF1 ——-- NFFR above Chester, CA. F, TR
HBI1 -—-- Hamilton Branch of NFFR at HWY bridge TR,

NF-83 - Hamilton Branch Powerhouse F

HB2 -—-- Hamilton Branch Powerhouse — canal head-works TR

LAL-S -—-- Lake Almanor near Canyon Dam - Epilimnion TR - buoy

LAl-B -—-- Lake Almanor near Canyon Dam - Hypolimnion TR - buoy

LA-P1 -—-- Lake Almanor near Canyon Dam — near intake IS-P

LA - P2 . %]fi; )Almanor - Offshore of Prattyill_e Intake IS-P

LA-P3 ---- Lake Almanor — middle of Eastern lobe (LAS8) IS-P

LA-P4 ---- Lake Almanor — middle of Western lobe (LA6) IS-P

LA-MET - » Meteorological station on Prattville Intake M

NF-1 11-399000 Lake Almanor near Prattville Lake storage
| NF2 R NFFR below Canyon Dam TR,

NF-2 11-399500 NFFR below Canyon Dam F .

NF3 ---- . NFFR at Seneca ‘ . TR

NF4 NF-47 (PG&E) NFFR above Caribou No.1 Powerhouse TR F

BV1 Butt Valley Powerhouse Tailrace TR,

NF-71 11-400600 Butt Valley Powerhouse F

BV2 S - BVR near Caribou No.1 Intake - Epilimnion TR - buoy

BV2 B ---- BVR near Caribou No.1 Intake - Hypolimnion TR - buoy

BV-P1 - BVR at.Caribou No. 1 Intake IS-p

BV-P2 -—- BVR near Cool Springs Campground IS-P

BV-P3 -—-- BVR near boat ramp IS-P

BV-P4A ---- BVR near Caribou No.2 intake channel IS-P (special)

BV-P4B -—-- BVR at mouth of Caribou No.2 intake channel IS-P (special)

- NF-8 11-401050 Butt Valley Reservoir near Caribou (at dam) Lake storage

CARBI1 --- Caribou No. 1 Powerhouse tailrace TR

NF-63 11-401110 Caribou No. 1 Powerhouse F

CARB2 -—- Caribou No. 2 Powerhouse tailrace - TR

CARB2B - Caribou No. 2 Intake channel bottom at structure TR

NF-263 11-401109 Caribou No. 2 Powerhouse F .

BC1 - _ Butt Creek upstream of Butt Valley Reservoir TR

NF-4 11-400500 Butt Creek below ABC tunnel, near BVR F

BC2 ---- Butt Creek downstream of Butt Valley Reservoir TR

BC3 ---- Butt Creek near confluence with NFFR TR, F

BD1 -—-- Belden Reservoir at powerhouse intake TR

NF-67 11-403050 Belden Reservoir Lake storage

NF-103 - Oak Flat Powerhouse F ’

NF5 NFFR below Belden Dam TR

NF-70 11-401112 -NFFR below Belden Dam F

MC1 --- Mosquito Creek near mouth TR, F

NF6 o . NFFR near Queen Lily Campground TR

| 222 .
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1

‘Table 2-1 Continued

Alternate VS

. Station ' . . Monlt?rlr}g
Station ID Identification Station Location Activity
NF7 - NFFR near Gansner Bar TR
EB1 - East Branch of NFFR above confluence TR
NF-51 11403000 East Branch of NFFR above confluence F
NF8 ———- NFFR at Belden Town Bridge TR
BD2 ---- Belden Powerhouse tailrace TR
NF-74 11-403050 Belden Powerhouse - F
YC1 ——— ' Yellow Creek near mouth ‘ TR, F
RCK-MET  ---- Meteorological station on Rock Creek Dam M
CHIP -—-- Chips Creek near mouth o TR, S
NF9 - NFFR below Rock Creek Dam . TR
NF10 - NFFR below Rock Creek Dam at NF-57 ' TR
NF-57 11-403200 NFFR downstream of Rock Creek Dam F
MRI1 ——— Milk Ranch Creek near mouth TR, F
CHAM —— Chambers Creek near mouth TR, S
NF11 ———- NFFR below Granite Creek TR
JC1 - Jackass Creek near mouth TR
NF12 - NFFR above confluence with Bucks Creek TR
BUCK1 11-403700 Bucks Creek near mouth ' TR, F
NF-20 ——— Bucks Creek Powerhouse F
BUCK2 - - Bucks Creek Powerhouse tailrace TR
NF13 - NFFR above Rock Creek Powerhouse TR -
RC1 11-403800 Rock-Creek Powerhouse (internal) TR
NF-64 — Rock Creek Powerhouse F
RC2 —m—- Rock Creek near mouth TR, S
NF14 ———— NFFR below Cresta Dam TR
GR1 --- Grizzly Creek near mouth TR, F
NF15 - NFFR downstream of  Grizzly Creek TR.
NF-56 11-404330 NFFR downstream of Grizzly Creek F
NF16 — NFFR upstream of Cresta Powerhouse TR
CR1 ——— Cresta Powerhouse(internal) TR
NF-62 11-404360 Cresta Powerhouse F
MBI1 o Middle Fork Feather River at Milsap Bar , | TR

e 23
© 2003, Paciﬁchas and Electric Company




Draft Rock Creek-Cresta Compliance Monitoring Report — Aprﬂ 2003

122, 2METHODOLOGY
~272.1 Flow Mohiforing
Stream flow was rﬁonitored throughout the Project area in 2002 at a seven stations (NF1,
NF4, BC3, YCI, MR1, BUCK]1, and- GR1). Flow data were also obtained from
pérfnanenf stream flow gages and frofn. powerhouses associated with the Projéct through
Pacific Gas and Electric Compahy’s Hydroelectric Depaﬁment. Flow monitoring station

locations are shown on Figure 2-1 and are described in Table 2-1.

Each of the temporary ﬂ;)w monitoring stations consisted of a Campbell CR510 digital
recorder, associated Druck 5 psi pressure transducer and a stage pin. The staée pihs and
pressure transducer were placed in-stream, while the digital recorders were located on the
vstream bank in locked enclosures. The digital recorders wer;a set to fecord instantane(.)us’
.readings every 15 minutes, and stored this data as.hourly average transducer values. All
data were stored in non-volatile memory. During routine site visits, stream sfage was

recorded, and stored hourly average transducer data were downloaded to computer.

~ A simple linear regl;ession was _used to define ‘the felationship betweeﬁ transducer
réadings' and the associated stream stage measurements at each station. Average hourly
transducer reédings were then converted into average hourly stream stage readings using
the resultant re.gression equation. The conversion to a stage value based on a fixed
reference (stage pin) facilitated year ’to year comparison of flow measurements and

allowed for correction for error associated with transducer drift.

P
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Stream flow measurements Were 'lmade at each stati.on durlng routine site visits at
transecis located near eéch égaging station. Measurements ‘vx;e‘re made using U. S.
Geo&ogical Survey (USGS)- ai)proved stream flow measuremerit‘techniques' (Buchanan
1980). All measurern.ents were made using a Price AA-type ﬂjoﬁv meter, and S-foc')t top-
setting wading rod. The errors associated wit:h measu’reménts, ma(ie in the river were
estimate;d at 10 to 15% due to the large substrate and abundant amount of veggtation in
the channel. Measurements made in the tribﬁtary- ¢creeks had an eétimate(li error of 8 to

10%. The.primary obj'eétiVe of the routine flow measurements was to cover the range of

observed flows in order to develop a stage-flow rating equation; |

The relatjonship of strearri stage to stream ﬂoku(stage-ﬂow ratihg) was developed using
flow measurements and fhe iassociated stage pin readings cOilééted dhring routine site
visits. The resultant stage-flow rating was used to con?ert avérég‘e hourly stage readings
into average hourly flow. The rating is only applicable to ﬂo,\yilf within the defined range
of stage, and is also subject.to changes in the hydraulic cc')n;tr.ol. All instrumentatioh-’
. . installed in situ was removed“, during-months‘ when seasonal high “ﬂc‘)ws could damage the

equipment.

'Dlaily flow at four tributary si,treams (Mosaquiito, Charnbgrs, Chips, and Rock creeks) was
estimated based on periodic ﬂow measurements. A linear debe;y between: measurements
was assumed to generate a daily flow estimg‘té. A staff gage (siége pins) was installed at
elach of these stations to. périodically méasure stream sta‘gzé.‘ A total of at leastv foﬁr

measurements were made at each station between June and September.
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11:22.2.2 Meteorological Monitoring

Local metcorology was monitored to prdvide input to the stream temperature model.
de temporary stations were placed in the Projéct area. One station was located on the
Pratﬁ/ille Intake at Lake Almanor; another was located on Roo;k Creek Dam (Figure 2-1).
These stations effectively represent conditions in the upper and middle lportion of the
. Project. Parameters that were measured inclﬁded; average wind speéd and direction, air
temperature, re]ative humidity, and vsolar radiation. These parameters were monitored

continuously using a Campbell Scientific Model CR10 data logger. Data were collected

at 1-second intervals and reduced to hourly average readings.

+1:32.2.3 Temperature Monitoring

The temperature-monitoring program used recorders from three different manﬁfactures to -
, monit.or femperature dﬁring the 2002 effort. The bulk of the data loggers deployed iﬁ the
system were Vemco ‘Minilog 12T recorders. These units recordéd <‘:c‘>ntinuous‘
temperature data as instantaneous readings taken at 20-minute intervals, these data are
then converted info hourly average temperatures. Campbell Scientific Model CR510
recorders were used at seven stations to monitor temperature. These recorders were also
used to record éontinuou§ stream stage (flow) at the same locations (Table 2-1). The
CR510 loggers recorded continuous temperature data as hourly averages based on .
readings taken at 15-minute intervals. A final type §f recorder deployed during the
monitoring prografn was the Omnidata Model DP112. These ‘units were placed at six
locations;»these recorders Wefe used exclusively on Project powerhouses (Cariboﬁ No. 1,

No. 2, Belden, Rock Creek, and Cresta). The tailrace characteristics of these facilities

2-6
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dictated that the temperature sensors be installed internally in the powerhouse. The
DP112 loggers recorded continuous temperature data as hourly averages based on

readings taken at 5-minute intervals.

Stream temperature sensors were typically deployed in wcll-iri_ixed areas with elevated
velocity and turbulent flow to ensure representative measurements. In general,
continuous monitoring of temperature was conducted from June through Septembér

2002.

During the period June through September 2002, vertical prbﬁles were collected from 4
locations on‘ Lake Almanor and' from three locations on Butt Valley Reservoir to
determine the magnitude and seasonal dévélopmént of thermal éradicnts. Profiles were

defined ﬁsing 1-meter vertical spacing from the surface to the bottom.

-In addition to the synoptic prc‘)ﬁles‘ collected at the three Project reservoirs, vertical
temperatures in Lake Almanor and Butt Valley were continuously monitored from June
‘through September 2002. Temperatures were monitored at a single station near the dam

in each reservoir (Figure 2-1). A thermistor'afray consisting; of Vemco Model Minilog

12T recorders positioned‘ at‘iwo depths, near the surface (1.0 meters below surface) and
near the bottom (2 meters: above bottom to resting on bqttoin depending on lake
“elevation), was placed at each location. The thermistor array was suspended from a buoy

so that each recorder was maintained at a fixed depth below the surface.

2-7
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To verify the operation and accuracy' of the temperature recorders, the units were
calibrated using an American Society for Testing aﬁd Materials (ASTM) reference
thermometer, both prior to and following removal from the in situ deployment. Typical

instrument error is between 0.1 and 0.2°C. -

Temperature records from instruments placed internally or in the tailrace of the vaﬁdus
Project powerhouses were corrected to reflect periods of powerhouse operation. This
process was done on an hourly basis by cdmparing powerhouse load record's. with
temperature fecorder data. This processed helped eliminate periods. when there was little

or no flow through the powerhouse.and temperatures reflected stagnate conditions.

| 2-8
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Figure 2-1. Map of station locations used dunng. the 2002‘momtoring program,
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3 MONITORING RESULTS - 2002

3.1 HYDROLOGY AND METEROLOGY

3.1.1 Streamflow and Reservoir Operation

The Licensee’s Upper NFFR Project encofnpasses tﬁe water resources and aquatic
habitats of fhe upper NFFR drainage basin '(from Lake Almanor to the NFFR confluence
with Yellow Creek [headwaters of Rock‘ Creek Reservoir]). The majority of flow
en(teringihe Project originates from water first stored in Lake Almanor. Water is then
passed. downstream through‘ a series of powerhogses and associated forebays. The
Liéensee’s ‘Rock Creek- Cresta Project encompasses the water reéources of the middle
portion of fhe NFFR basin, 'extending from the conﬂqence of Yellow Creek to the.

headwaters of Poe Reservoir.

In addition to the permanent flow monitoring stations, the Licensee installed a series of
temporary flow monitoring gages. These gages provided supplemental information in
support of the temperature modeling effort. Table 3-1 summarizes sfreamﬂow data from -

\

these temporary flow-monitoring stations.

3-1 . _
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Table 3-1

Summary of 2002 stream flow monitoring at permanent and temporary stations.

\

Daily Average Flow ' - - Powerhouse Data
Station - Year Month max  min mean Operation? Days
NFFR near 2002 June 397 214 298 e 30
Chester (NF1) 2002 July 212 139 - 175 -—- 31
[Estimated] 2002 - Aug 136 112 120 - 31
2002 Sept 111 97 104 - - 30
Hamilton Branch 2002  June =~ 85.5 69.7 768 . - 30
at A13 Bridge 2002 July 950 67.7 76.8 — 31
(HB1) 2002 Aug 78.0 75.8 76.5 - - 31.
{Estimated] 2002 . Sept 762 61.0 71.7 - 30
Hamilton Branch 2002 June 38 32 34 100%: 30
Powerhouse 2002 July 35 0 23 69% 21
(NF-83) 2002 - Aug 92 11 79 97% 30
[Corrected] =~ 2002  Sept 79 35 72 . 100% 30
NFFR below 2002 June 36.5 36.5 36.5 --- .30
Canyon Dam 2002 July 36.9 36.1 36.5 - 31
. (NF-2) 2002  Aug 361 35.2 358 . --- 31
[Permanent] 2002  Sept 35.2 34.7 349 - 30
NFFR above 2002,  June 83.2 77.6 80.1 - 30
' . Caribou PH 2002+ July - 773 749 759 --- 31
(NF4) 12002, Aug 754. 733 742 v - 31
[Temporary] - 2002 - Sept 73.5 71.2 72.7 .- 30
Butt Valley 2002 June 1084 0 115 6.5% 4
Powerhouse 2002 July 1283 0 746 . " 49% 29
[Corrected] © 2002 Aug 1439 159 984 63% - 31
(NF-71) 2002 Sept 1615 504 1436 90% 30
Butt Creek at ABC 2002, June 71.8 48.3 56.2 - 30
Tunnel (NF-4) 2002 July 47.6 43.6 45.6 ! - 31 .
[Permanent] 2002 Aug 43.8 421 = 429 --- 31
- 2002 Sept 42.4 409 416 - 30
Butt Creek at 2002 June 14.2 14.0 14.1 - 30
Mouth - 2002 July 14.2 13.7 139.. - 31
(BC3) 2002 Aug 14.3 14.1 14.2 - 31
[Temporary] =~ 2002 Sept 14.6 14.1 143 - 30
Caribou No. 1 2002 June 325 .0 - 21 4% 5
Powerhouse 2002 Tuly 564 0 285 47% 29
(NF-63) 2002  Aug 744 129 516 67% 31
[Corrected] 2002 Sept 716 247 503. 72% 30

' 32
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Table 3-1 (Continued)

Daily Average Flow'  Powerhouse Data

Station Year Month max min mean Operation’> Days
Caribou No. 2 2002 June 722 108 245 98% 30
Powerhouse 2002 July 735 0 332 90% 28
(NF-263) 2002 Aug 719 33 484 100% 31
2002 Sept 1070 245 912 100% 30
Oak Flat 2002 June 0 116 105 29
Powerhouse 2002 July 0 116 64.5 --- 19
(NF-103) 2002 Aug 111 116 114 - 31
2002 Sept 114 -49.2 - 26
NFFR below 2002 June 145 143 144 -- 30
Belden Dam 2002 July 144 142 143 --- 31
" (NF-70) 2002 Aug 144° 142 143 --- 31
[Permanent] 2002 Sept 143 62 69 - 30
Mosquito Creek 2002  June 7.5 5.1 6.2 - 30
At mouth 2002 July 5.1 42 4.6 --- 31
(MC1) 2002 Aug 4.1 4.0 4.1 - 31
[Estimate] 2002 Sept 4.2 4.1 4.1 - 30
East Branch 2002 ° June 334 117 187 - 30
NFFR near NFFR 2002 July 118 514 79.9 - 31
(NF-51) 2002 Aug 60.9 45.0 52.5 - 31
[Permanent] 2002  Sept 62.0 48.8 55.9 - 30
Belden 2002 June 830 0 121 12% 7
Powerhouse - 2002 July 1216 O 518 48% 29
(NF-74) 2002 Aug 1504 241 1001 73% 31
2002 Sept 1513 677 1108 91% 30
Yellow Creek 2002 June 117 64.5 81.5 - 30
Near mouth 2002  July 63.6 524 56.9 31
(YC)) 2002 Aug 537 50.8 522 - 31
[Temporary] 2002 Sept 54.0 488 ° 513 --- 30
Chips Creek 2002 June 107 33.8 64.3 - 30
Near mouth 2002 July 333 18.2 25.7 . --- 31
(CHIP) 2002 Aug 17.7 14.4 15.5 --- 31
[Estimate] 2002 Sept 14.3 12.4 13.3 .- 30
NFFR below 2002 June- 1133 170 267 --- 30
Rock Creek Dam 2002 July 774 150 216 - 31
(NF-57) 2002 Aug 553 191 209 --- 31
[Permanent] 2002 Sept 650 196 229 --- 30

3-3 '
© 2003, Pacific Gas and Electric Company




Draft Rock Creek-Cresta Compliance.Monitoring Report — ;-April 2003

-

| ‘Table' 3-1 (Continued)

1

1

Daily Average Flow ' Powerhouse Data

. Station Year, Month max min- mean Operation? Days
Milk Ranch Creek 2002  June 98 64 8.2 - 30
.Nearmouth - 2002, July 6.2 4.1 50 - . 31
(MR1) 200\2‘ Aug 42 34 37 - 31
[Temporary] 2002  Sept 3.5 3.2 33 --- 30
Chambers Creek 2002°  June 469 9.9 25.2 e 30
Near mouth 2002  July 9.7 4.6 4.1 --- 31
(CHAM) 20020 Aug 44 3.0 35 S 31
[Estimate] =~ 2002  Sept 3.0 25 2.7 --- 30
Bucks Creek 2002 June @ 24.1 190 217 . - 30
Near Mouth 2002 July 18.8 13.8 16.1 " - 31
(BUCK1) 2002 Aug 137 107 - 121 o - 31
[Temporary] 2002 Sept 13.5 102 122 . - 30
Bucks Creek 2002  June 5t 5 19 - 29% 27
Powerhouse 2002 July 194 1 83 36% 26
. (NF-20) 2002 Aug 228 0 - 113 4% 21
’ 2002  Sept 237 109 171 " 92% 30
Rock Creek 2002° June 1342 204 479 . 98% 90
" Powerhouse 2002  July 1358 97 756 - 100% 31
(NF-64) - 2002 Aug 1596 184 1095  100% 31
' . 2002 Sept 1744 422 1466 100% 30
Rock Creek 2002 -June 445 89 216 30
Near mouth 2002 © July 8.7 3.0 58 - - 31
(RC2) 2002  Aug 2.8 2.1 <23 --- 31
[Estimate] © 2002 Sept 2.1 1.7 1.9 - 30
Grizzly Creek 2002  June  38.8 289 336 - 30
Near mouth 2002 July 284 200 241 - 31
(GR1) 02002 Aug 202 151 175 ' e 31
[Temporary] 2002  Sept 169 129 14.6 - 30
NFFR below 2002  June 1109 271 321 07 s - 30
Grizzly Creek 2002 July 805 235 265 --- 31
(NF-56) 2002  Aug 568 236 260 |, - 31
[Permanent] 2002 Sept 667 240 262 30
Cresta 2002 June 15760 243 600 " 66% 30
Powerhouse 2002  July 1457 12 820 55% 30
(NF-62) 2002 Aug 1698 216 1135 - 63% 31
2002 Sept 1898 544 1658 . ' 82% 30

1. Daily values are based on hourly average data, month statistics ‘represent the
" maximum, minimum, and mean based on these hourly average flows.

2. Percent powerhouse operation is based on hourly generation data.
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34:1.13.1.1.1 Lake Almanor and tributaries

- The major tributaries feeding into Lake Almanor are the NFFR at Chester with an historic
average annual flow of approximately 335 cfs, the Hamilton Branch with an historic -
average flow of 190 cfs, and a number of minor tributaries including. Benner, Last

Chance, and Bailey creeks.

Flow in the NFFR upstream of Lake Almanor (which provides an estirﬁated 50 percent of
: thé annual. inflow to Lake Almanor) is derived from headwaters that originate on the
Slopes of Mount Lassen. During the 2002 monitoring program, flow in the NFFR
upstream of Lake Almanor was measured at a temporary stream gage (NF1) located
upstream of the city of Chester, CA. Mgan daily flow at this station for the period June-
September 2002 ranged from 97 to 397 cfs, averaging 174 cfs. Figure 3.1 compares daily

average flow from the NFFR with other stations tributary to Lake Almanor.

Flow in the Hamilton Branch (which provides 20 to 25 percent of the annual inflow to
Lake Almanor), originates from the Licensee’s Mountain Meadows Project (to be
amendedrto the Apf)lication for New License, FERC License 2105). During the 2002
monitoring progr.am, flow in the Hamilton Bréﬁch, was measured upstream of Lake
Almanor at a temporary stream gage (HB1). This station is located near the confluence
with Lake Almanor, and is downstream of a series of small diversion féci.litieé that
diverts flow into a canal that supplies 'the Licensee’s Hamﬂtén Branch Powerhouse.
During the June-Sei)tember 2002 monitoring period, estimated mean daily flows in the

Hamilton' Branch upstream of Lake Almanor ranged from 61 to 95 cfs, with an average
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flow of 75 cfs. Figure 3.1 compares daily average flow from the Hamilton Branch w1th

other stations trlbutary to Lake Almanor.

Thelsecond ‘locatior.l monitorrng flow in the Hamilton Branch system as inflow to Lake
Almanor is the Licensee’s Harnilton Branch Powerhouse (NF-83). This facility is located .
near the rrrourh of the Hamilton Branch River and discharges directly ir1to Lake Almanor
(Figure 2-1). During the June-September 2002 rnonitering peried, mean daily flows at
the Hamilton Branch Powerheuse averaged 52 cfs and'ranged from .'0 to 92 cfs. Figure

3.1 compares daily average ﬁow from Harnilfon Braneh PoWerhouée with other stations -

tributary to Lake Almanor.

Lake Almanor is the primary storaée reservoir for the Upper NFFR PrOJect it is located
about 90 miles upstream of the city of Orovﬂle Lake Alrrrarlor was created by the
constructlon ofa hydrauhc ﬁll dam now referred to as Canyon Dam. Canyon Dam was
completed in various phases between 1913 and‘192‘7.v Laké Almanor has a normal
rna)rimum water surface elevation of 4,504 ft (USGS datum) |a.r‘lld a storage capacity of
. 1,142,00 .aere-ft.l The average residence time in Lake Almanor is approximately 291
days.. Major lake eutlets include the Canyon Dam Intake, which releases water to the
- NFFR. downstream of take Almanor (Seneca Reach), and the Prattville Intake tﬁat
diverts water ro Buft Valley Reservoir -through Butt Valiey :P‘owerhorlse. Figure 3-2

presents daily average reservoir storage for Lake Almanor for the June through

September 2002 monitoring period.
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Releases from the Prattville Intake to Bu& Valley Reservoir represent the greatest portion
of water released from Lake Almanor. The maximum flow through the intake is 2,200
cfs. The Prattville Intake is a high-Froude number structure; as a result, water is drawn
from the entire water column regardless of thermal stratification conditions. The tunﬁel
| invert is situated at the bottom. of a narrow steep-sided trough that coﬁnects the relati'vely
shallow intake channel with the deeper areas of the reservoir. The invert of the Prattville
Intake is l_ocated at 4,420 ft. (USGS daturh). However, access to the deeper areas of Lake
Almanor is restricted by the shallow approach channel that has a base eievation of 4,432
ft (USGS datum). Asa resuit, the water withdrawn by the Pr’attvilie Intake is primarily

from the warmer layers in the lake.

1:1:1:23.1.1.2_Butt Valley Reservoir and tributaries

'The main source of inflow to Butt Valley Reservoir is the discharge from Butt Valley
. Po;verhouse (NF-71), which dfaws water from Lake Almanor through the Prattville
Intake. During the June-September 2002 monitoring period, mean daily.ﬂows in Butt
Valley Powerhouse averaged 820 cfs and ranged from 0 to 1,615 cfs. Figure 3-3
compares daily average flow through Butt Valley Powerhouse with those from the other

powerhouses associated with the Upper NFFR Project.

Butt Creek is the ohly signiﬁc,ant‘natural tributary entering Butt Valley Reservoir.
During the June-September 2002 monitoring period, mean daily flows in Butt.Creek (NF-

4) ranged from 40.9 to 71.8 cfs, with an average flow of 46.6 cfs.
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On an annuali basis, the Butt Valley Reservoir water surface elevations fluctuate by aboﬁt
10 to 15 feet from the maximum water surface elevation of 4,142 ft. (USGS datum).
Under normal operating conditions; daily changes in elevation are typically less. than 1
. foot. “The fetention time f(j)r water traveling through the reservoir is 14 to 32 days
depending on opérating'_ con(ilitions. Figﬁre 3-4 presents aveﬁage daily storage for Butt

Valley Reservoir for the J une through September 20002 monitoring period.

The prirhary outflow from the Butt Valley Reservoir is thrbugh the intakes for Caribou
No. 1 and No. 2¥ vpowerhouses. The Caribou Né. 1 Intake has a capacity of aboﬁt 1,100
cfs and is located in the deepést area of Buttj \}alley Reservoir near the dam. The Caribou
No. 1 Intake tunnel invert elevation is at 4,077 ft. (USGS datum). The actual Caribou
No. 1 Intake structure is located in a small depressidn zone. Recent bathymetric éurveys
(April 1996), indicated that the main approach channel has an elevatién of 4,095 ft.
. (USGS datum). Caribou No. 2 Intake has a le;rger capacity (1,460 cfs), and is located in a
shallow channel with an entrance e’levation: (channel invert) of 4,110 ft. (USGS datum).
Because of the higher inve?rt elevétioni thej Ca_ribou No. 2'! fntake' withdf'aws warmer

surface water from the reservoir,

No cdntrolled minimum release is made from Butt Valley Dam to the Butt Creek channel
dpwnstream of the resérvo&. The resewojr ra;rely sﬁills due to the large combined
outflow capability of Caribou No. 1 and Njo, 2 powerhouses;‘(j'Zj,56O cfs).' The Licensee
has monitored leak:_age ﬂows in Butt Creek ?beldw Butf Valley Dam since 1997 to ensure

that leakage flows were not reduced after seismic restoration work on the dam was
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| completed in 1997. The average annual leakage flow is about 0.07 cfs (32 gallons per
minute [GPM]). Flow conditions in Butt Creek below Butt Valley Dam will be discussed

in the following Section.

1:1:1-33.1.1.3 Seneca Reach of the NFFR and tributaries |

- The Seneca bypass reach (Seneca Reach) consists. of a 10.8-mile section of the NFFR
extending from Canyon Dam to Caribou Nofl Powerhouse. A’ seasonally constant
.m'i’nimum o_f‘35 cfs is released fro‘m Canyon Dam to the NFFR in accordance with Article
26 of FERC License 2105. Flows are measured by the .Licenéee in cooperation with the
USGS ata pg’:nnanént gaging sfation (NF-2) located approximately 0.5 mile‘ downstream
" of the release structure. During the Jﬁne-September 2002 mbnjtoring period, mean daily
flows in NFFR below Canyon Dam (NF-2) ranged from 34.7 to 36.9 cfs, and averaged

35.9 cfs.

" Butt Creek enters the NFFR approximately 1.25 miles upstream of Belden Forebay. Butt
Creek is the largest of the NFFR tributaries in thg: Seneca Reach. There are no minimum
flow requirements for Butt Creek below Buit Valley Resewoir. Flows in Butt Creek
downstream éf Butt Valley Dam consist primarily of spring flow accretion, supplemented
with leakagé from the Butt Valley Dam, and tributary inflow from Bennér Creek. Dpring
the June-Séptémber 2002 monitoring period, mean daily flows i;l Butt Creek near its .
cc_)nﬂuenc'e with the NFFR (BC3) ranged frém 13.7 to 14.6 cfs, with an average flow of

14.1 cfs.
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The monitoring station located on the NFFR aﬁovg Caribou Powerhouse (NF4) is also the
site pf a discontinued permanent gage .(NF‘-47). - This station; capturés the total flow
entering Belden Forebay from the Senec.‘,a‘ Reach. During the June-September 2002
monitoring period, mean daily flows in NFFR above Caribou Ppwerhouse from 71.2 to

" 83.2 cfs, and averaged 75.7 cfs.

- The total mean daily tributary and lateral accretion flows were calculated for the entire

“Seneca Reach. For the June through Septémber 2002 period tributary flows ranged from

(A

36.0 to 46.7 cfs, and averaged 39.8 cfs. The measured range of aécretion (36.0 to 46.7

‘I
cfs) constitutes a 103 to 133 percent dilution effect under the existing 35 cfs in-stream

release from Canyon Dam.

.  1:1:1:43.1.1.4 Belden Forebay and Caribou Powerhouse coinp‘lex

Belden Reservoir is located on the NFFR approximat'ély 10.8 miles downstream of
Caﬁyon Dam. Belden Fbreba'y forms the aﬁérbay for the Caribou Powerhouses, and is the
.fbrebay for Belden Powerhouse. The forebay was created by a rock-filled dam in 1958 .
and has a maximum 'water surface elevation Of 2,985 ft. (USGS datum) and a 'usable ‘
‘storage capacity of 2,477 acfé-ﬁ. Under norrna‘l‘ operation, tﬁe ‘water surface eievatioh

' ﬂucfuates between 2,960 ft. énd '2‘,973 ft. depénding orjl power ‘c:)perations. Lake Almanor |
and Butt Valley Reservoir éontrol fhe ,majority of upstréarfl' run-off; as a result, spill

events at Belden Dam are rare. Belden Fofébay has no stofage capability and therefore

the operation of the Caribou Powerhouses is closely‘ coordiriated with the operation of -
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Belden Powerhouse as well as Licensee’s other downstream powerhouses. The average

residence time in Belden Reservoir is estimated at approximately 0.5 to 1.0 days.

The majority of ﬂoW entering Bel&en Forebay originates from Butt Valley Reservoir and
is discharged through the Caribou No. 1 and No. 2 powerhouses. These po?velrhouses
have avérage annual flow rateé.of 615 and 674 cfs, respectively (Pacific Gas and Eléctric
Company 1999). Additional inflow is received from the Seneca Reéch of the NFFR,; the
average annual inﬂow'from: this source is approximatély 120 cfs. Caribou Nb. 1 was
_completed in 1921 and Caribou No. 2 was completed in 1958. Depending on water
availability and power requirements, one or botﬁ powerhouses may be used. The

generating units at Caribou No. 2 are more efficient than those at Caribou No. 1, and their

operation is favored.

buring the June-September 2002 monitoring period, mean daily flows at Caribou No.1
Powerhouse (NF-63) ranged from 0 fo 744 cfs, and averaged 331 cfs. Flow thrdugh the
Caribou No. 2 Powerhouse (NF-263) during 2002 ranged from 0 to 1,070 cfs, and
averaged 493 cfs. Figure 3-3 compares daily average flow throu_gh the Caribou No.1 and
. No.2 powerhouses with those from the 6tﬁer powerhouses associated with the Upper

. NFFR Project.

The _primafy outflow from Belden Forebay is through an intake structure located on the

left bank (looking downstream) near Belden Dam. This intake provides flows of up to
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2,610 cfs to Belden Powerﬁouse, which is located- on Yellow Creek ifnm_ediaﬁely
upstream of the confluence of Yellow Creek with the NFFR. Water released from
Belden Pdwerhouse enters ‘th‘e NFFR at its coﬁﬂueﬁce With Yellow Creek; this flow
enters the Licenseg’s Roci( Creek Reservoir irﬁmediately downstream. | During the June-
Séptember 2002 monitoring period, mean daily flow at Belden Powerhouse (NF74)
raﬁgéd frém 0 to-»1,513 cfs, and éveraged 687 cfs. Figure 3'-3‘ éoﬁpares daily average
flow through Belden Powerhouse with thoSe:from the othgr povx;erhouses associated with

'~ the Upper NFFR Project.

+1:1:53.1.1.5 Beldeh Reach of the NFFR and tribufariés o

The Belden -bypass reach (Bélden Reach) 1s a 9.3-mile section of the NFFR extending
from Belden Dam to the confluénce of the NFFR and Yellow Creék. Prior to July 1985,
relea;es from Belden Forebay to-th.e NFFR immediately dowﬁstream of the Belden Dam
were’made from a low-levei release in the_ dam or bits upper spillway] gates. | Oak Flat
Powerhouse was cdmpleted 1n 1985 and opérates on the instream flow release fnadé at
the base of Belden Forebay Darn To accommodate the tw§ flow rates the turbine hés a
high flow and avlow flow runner. These runners are cﬁanged in thé spring and fall. This
chaAnge-out takes a few days and during this time the instream ﬂow is met by reléasing
water through the pressurel release valve at the end of the outlet pibe solthat a continuous
release is maintained. During the June-September 2002-h10nitbring 'peribd, mean daily
flows thiough Oak Flat Powerhouse (NF-103) ranged from 0 to1 16.cfs, and averaged 83 .

cfs. .
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"Under the terms of FERC License 2105 and the California Department of Fish and Gamé
(CDFG) agreement, the Licensee reléaseé a minimum of 140 cfs from the last Saturday in
April to L_aborlDay and 60 cfs duﬁng the re;t of the year to the NFFR downstream of
Belden Dam for the maintenaﬁce of fish life in the Belden Reach of the NFFR. | The
instream flow releases from Belden Dam are measured at a compliance stream gage
vlocated approximétely 0.5 mile downstream of the Belden Dam-Oak Flat Powerhouse
compiex. During the June-September 2002 monitoring period, meaﬁ daily ﬂovﬁ in the

NFFR below Belden Dam (NF-70) ranged from 62:1 to 145 cfs, and averaged 125 cfs.

Mosquito Creek is the largest tributary to the NFFR between Belden Forebay and the
NFFR confluence with the East Branch NFFR (EBNFFR). Flows in Mosquito Cr_éek
typic;ally range from 2 to 10 cfs during the period June through September (Pacific Gas
" and Electric Company 1987). Flows in Mosquito Cregk were estimated based on
periodic flow measurements and regression comparison to monitored flows in" Yellow
Creek. Based on this estimation, mean daily flows dui‘ing the June-September 2002

monitoring beriod ranged from 4.0 to 7.5 cfs, and averaged 4.8 cfs.

" The EBNFFR is a large unregulated tributary of the NFFR with an average annual flow
of )1,031 cfs (Pacific Gas and Electric Company. 1999). The EBNFFR and the NFFR
merge approximately 1.75 miles upstream of the confluence with Yellow Creek. Winter
and spring flows in the EBNFFR are sufficient under most cohditions to allow the
. Licensee to operate the Upper NFFR Project such that water is stored in Lake Almanor

. until réquired by the downstream production facilities. During the June-September 2002
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monitoring p_eriod, mean daily flows in EBNFFR ranged from 45.0 to 334 cfs, with an

average of 93.7 cfs.

1

Yellqw Creek is one of the lar]ger tributary st‘reams cont‘ributirllgh to the NFFR downstream
of the qohﬂuence with the EBNFFR. Typical flows in Yellow Creek range from 40 to
170 cfs during the June throﬁgh .September period (Pacific Gais and Electric Coﬁpmy
1986a, 1987). Flows were ca;lculated based‘on Hourly average stage data, and a rating
developéd using periodic flow measurementé. Flbw during June through September 2002

ranged from 48.8 to 117 cfs, éveraging 60.5 cfs. .

$:11:63.1.1.6 Rock Creek Reach of the NFFR and tributaries.

Rc;ck C;eek Reservoir is lqclclfed on the NFFR approXimate]y 3.0 rﬁiles downstream of
'.Belden Powérhouse.' Rock Creek Resetvoir folrms the aﬁerBay for Belden Powerhouse,
and is the forebay for Rock Creek Powerhouse. " 'I;he forebéy was created by a concrete
dam in 1950 and has a maxfmum water éurface elevation of '2l,216‘.2 ft. (USGS datum).
Rock Creek Rescfvoir's original operating capacity of 4,400 acre-feet at 2,216.2 ft. has

beer significantly reduced (greater than 50%) by sediment accumulation.

Chips Cfeek is a major tributary of the NFFR, discharging directly into Rock Creek
Reservoir. Flows in Chips Creek were estimated based on periodic flow measurements

and an assumed constant rate of hydrologic decay. Based on these data, mean daily flows
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during the June-September 2002 monitoring period ranged from .'12.4 to 107 cfs, and

| averaged 29.7 cfs.

The Rock Creek bypass reach (Rock Creek Reach) is an 8.4-mile section of the NFFR
extending from Rock Creek Dam to the tailrace of Rock Creek Powerhouse. Under the
terms of the FERC License (Dated October 24, 2001), ‘the Licensee released a‘minimum

of 220 cfs in June, and 180 cfs from July.through November in 2002. A rﬁore detailed
discussion of the minimum release requiréments is contained in Appendix A of the FERC

License.

Tﬁe instream flow releases from Rock Creek Dam to the Rock Crgek Reach of the NFFR
are measured af a permanent stream gage located approxirriately 1.5 miles downstream of
the dam. During the June-Septerhber 2002 monitoring period, mean daily ﬂowsA in the
NFFR below Rock Creek Dam (NF-57) fanged from 150 to 1,133 cfs, and averaged 230

cfs.

Milk Ranch Creek is one of several tributaries to the Rock Creek Reach of the NFFR.
Flows in Milk Ranch Creek were monitored using a temporary flow monitoring gage
insfalled near the ﬁlouth. Flows were calculated based on hourly averagé; stage data, and
a rating developed using periodic flow measurements. Mean daily flows during the June-

September 2002 monitoring period ranged from 3.2 to 9.8 cfs, and averaged 5.0 cfs.
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Chambers Creek is another of the streams tributéry to the Rock Creek Reach of the
NFFR Flows' in Chambers Cree_k Were estitﬁated bAas'e‘d on pefiodié flow méa;surements
and an assumed coﬁstant rate of hydrologic decay. Based on these data, meaﬁ daily flows
-during the Jﬁne-September 2002 monitoring period ranged‘ frbm ‘2.5 fo 46.9 cfs, and

averaged 9.6 cfs.

Flows irf Bucks Creek were monitored using.a temporary flow monitoring gage installed
near the mouth. Flow in Bucks Creek originates from Lower Bucks Reservoir. Flows
- were calculated based on hourly averagé stage data, and a rating developed using periodic

flow measurements. Mean fdaily flows during the June-Sépte‘mber 2002 monitoring

period ranged from 10.2 tb 24.1 cfs, and averaged 15.5 cfs.

The source of flow to Bucké Powerhouse is Grizzly ForebayL which receives diversion
flow from Bucks Lake and Lower Bucks Lake. Bucks Powerhouse has a maximum
capacity of 340 cfs; flows are released to the NFFR immediately upstream of Rock Creek

‘Powerhouse. During the June-September 2002 monitoring period, mean daily flow at

Bucks Powerhouse ranged from 0 to 237 cfs, and éveraged 97 cfs (Figure 3-5).

i

The primary outﬂow from Rgc‘k Creek Rese;'voif is throﬁgh an intake structure located on
| the right bank (looking downstream) near Rock Creek Dam IThis intake provides flows
‘. of up to 3,560 cfs to Rock Creek Powefhoh‘se, wﬁich is loclaté_d on the NFFR upstream

Cresta Reservoir. | Durin‘g the June-September 2002 monitor{ng period, mean daily flow
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- at Rock Creek Powerhouse ranged from 97 to 1,744 cfs, and averaged 949 cfs. Figure 3-
5 compares daily average flow through Rock Créek Powerhouse with those from the

other powerhouses associated with the Rock Creek-Cresta Project.

Rock Creek is the last major tributary strégm to the Rock Creek section of the NFFR,;
flows enter the NFFR at the ubper end of Cresta Reservoir. 'Flows in Rock Creek wercv
éstimated based on periodic ﬂow' measurements and an assumed constant rate of
hydrologic decay. Based on these dafa, mean daily flows dﬁring ‘the June-SeptemBer

2002 monitoring period ranged from 1.7 to 44.5 cfs, and éveraged 7.9 cfs.

}:+14:73.1.1.7 Cresta Reach of the NFFR and tributaries

Cresta Reéervoir is located on the NFFR immediately downstream of Rock Creek
- Powerhouse, and acts as the afterbay for this facility. Cresta Reservoir forms.v the
afterbay for Rock Creek PoWerhouse, and is the forebay for Cresta Powerhouse. The
forebay was created by a concrete dam in 1949 and has a maximum -water surfacé
elevation of 1,681.20 ft @SGS datum). The .original capacity of 4,410 acre-feet has

been significantly reduced by accumulated sediments.

Rock Creek flows enter the NFFR at the upper end of Cresta Reservoir. Flows in Rock
Creek were estimated based on periodic flow measurements and an assumed constant rate
of hydrologic decay. Based on these data, mean daily flows during the June-September

2002 monitoring period ranged from 1.7 to 44.5 cfs, and averaged 7.9 cfs.
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g

The Cresta bypﬁss reach (Cresta Reach) is a 4.9-mile section of the NFFR extending from
Cresta Dam to the tailrace of Cresta Powerhouse. - Under the terms of the FERC License
(Déted October 24, 2001), the Licensee released a minimuﬁ of 240 cfs-lin June, and 220
c;fs from July through November 2002. "A more detailed discussion of the minimum

release requirements is contained in Appendix A of the FERC License.

* Flows in Grizzly Creek were monitored using a temporary flow monitoring gage installed

Y

near the mouth. Flows were calculated based on. hourly average stage data, and a rating
developed using periodic flow measurements. Mean daily, flows during the June-

September 2002 monitbring period ranged from12.9 to 38.8 cfs, and avéraged 22.4 cfs.

The instream flow feleases from Cresta Dam to the Cr‘est}é Reach of the ‘NFFR are
. fneasureci at a permanent ,stre‘am gage located approxirnately 2.8 miles dowﬁstream of the
dam, and 2.4 milés downstream of Grizzly Creek. During thé June-Sepfember 2002
monitoring period, meaﬁ daily flows in fhé NFFR Bclow Rock Creei( Dam (NF-56)

ranged from 235 to 1,109 cfs, and averaged 277 cfs.

b

The primary outflow from Cresta ReéerQoir is through an intéke.structure located on the
left bank (looking do@nsueérn) ﬁear Cresta Dam. 'This intake provides flows of up to
3,700 cfs to Cresta Powerhousc_z, which is located on the NFFR upstream Poe Reservoir.
During the Juﬁe-S‘ept‘ember 2_002'. monitoring period, mean daily flow at Cresta
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Powerhouse ranged from 12 to 1,898 cfs, and averaged 1,053 ‘cfs. Figure 3-5 compares
daily averagé flow through Cresta Powerhouse with those from the other powerhouses

associated with the Rock Creek-Cresta Project.

+1:23.1.2 Metéorology

3.1.2.1 2002 Regional Precipitation

Mean annuél_precipitation in the uppler NFFR watersheds ranges from a low of 20 inches
(in eastern .portions of the EBNFFR watershed), to a high of 90 inches in the
northwestern part of the watershed né—:ar Mount Lassen (California Data Exchange Center
[CDEC] 2001). Most of the precipitation in the basin occurs from October thrc;ﬁgh May,
with maximum storm intensities occurring December through March. - Winter
precipitation at higher evlevations usually occurs as snow, although warm winter storms
can producé- rain up to the 10,000-ft level. The typical April 1 snow accumulations ranvge
from 2 inches of wéter_ at an elevation of 5,800 fi, to 32 inches of water at 6,700 ft.
(CDEC 2001). Larger snow accumulations occur dn Mount Lassen, with an .a.verag‘e.:
April 1 snow-water-equivalent of 78 inches. The mean annual pfecipitation within _thé
Project areé ranges from about 30 to 40 inches (CDEC 2002). Table 3-2 summarizes

precipitation data from the available stations in the Project vicinity.
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Table 3-2

Summary of Precipitation Data from Meteorological St:itions in the Upper N FFR" Project Vicinity. '

\

Annual

. . : ) Water Year* (inches) )
Station YEAR Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Total
Chester 2002 1.94 4.43 2.45 1.4 217 3.15 2.02 1.67 0 0 0o - 0 19.23
4,525 ft. %of Normal '97%  119% = 47% 23% 41% 78% 93% 114% - 0% 0% 0% 0% 60%
... Average 2.01 1373 5.24 _ 6.00 5.24 4.02 2.18 1.46 0.93 0.23 0.28 - 0.60 31.92
Canyon Dam 2002 1.1 5.19° 8.2 3.84 26 3.54 1.25 1.14 0.02 0 0 0 | 26.88
4,560 ft. "% of Normal 48% 117% 126% 51% 41% 69% 45% 69% 3% 0% 0% 0% 70%
Average 2.28 444 6.49 7.58 6.30 5.11 2.76 1.65 0.78 0.18 0.29 0.58 38.44
Greenville 2002 1.41 828 » 10.87 392 2.39 444 1.52 0.98 0 0 0 0 33.81
RS~ "% of Normal 55%  155% 174% = 54% 38% 83% 57% 63% 0% . 0% 0% 0% . 86%
3,570 ft. Average 2.55 5.35 6.26 7.22 6.26 5.35 2.68 1.55 0.78 - 0.26 0.36 0.78 3940 -
Caribou PH 2002 1.18 6.53 7.39 5.23 251 3.88 1.84 095 - 0.12 0.1 0 0 - 2973
2986ft.. %ofNormal 50% 141% 107% 65% 36% 1% . 60% 56% 15% 91% 0% 0% 73%
Average 2.34 4.62 6.92 799  6.88 5.50 3.06 1.71 0.79. 0.11 020 " 0.55 40.67
* Water year is period October 1 through September 31
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Table 3-2 Continued.

Snow Survey Data from the Greater NFFR Watershed Area

2002 April 1 Water

Average April 1

Elevation Equivalents Water Equivalents
Station _(ft. USGS) (inches) (inches)
Lower Lassen Peak 8,250 79.1 79.8
Mount Dyer 1 7,100 26.6 253
Mount Dyer2 - - 6,050 17.8 16.1
Harkness Flat 6,200 29.8 28.5
Mount Stover 5,600 12.7 16.0
Feather River Meadows 5,400 249 22.6
Warner Creek - 5,100 17.9 14.9
Humbug Summit 2 4,850 13.4 16.1
Chester Flat 4,600 3.6 6.5
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The data from the four stations presented in Table 3-2 broadiy define conditions in the
upstream watersheds and imifnediate Pr'oject‘ area.  Total precipitation during the 2002

water year (October 2001 to September 2002) averaged 72 % ofmnormal (4 stations).

| ++4—231 2.2 2002 Monitorjing at Prattville Intake and Rock Creek Dam

 Two temporary meteorological stations were installed in the Pfoject vicinity during the
2002 monitoring period. One station was located at the ‘.l;rattville Intake oh Lake
Almanor; another station was located on Rock Cfeék Dam. Data from- these stations
were used as input to the SNTEMP mod‘ei for calibration and "vaiidation. . The data

collected at these mevteorologi:cal stations in 2002 are summarized in Table 3-3.
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Table 3-3

Summary of 2002 Meteorological Data from Projéct Area

Prattville Intake Station

Daily Average !

: : ‘Data
Station . Units Year Month Max Min Mean  Days
Air Temperature (°C) 2002 June 20.0 9.5 16.6 30
' 2002 July 25.0 18.1 20.6 31
2002 Aug 234 13.3 18.6 31
2002 Sept 20.1 9.3 153 30 .
Relative Humidity (%) 2002 June 66 37 49 30
2002 July 70 29 45 31
2002 Aug ~ 53 27 41 31
2002 Sept 73 31 43 30
~ "Solar Radiation (watts/S) 2002 June 337 211 305 30
: 2002 July 326 163 286 31
-2002 Aug 287 181 244 31
2002 Sept 220 122 184 30
Wind Speed (mph) 2002  June  4.83 0.94 1.44 30
: 2002 July 1.21 0.93 1.10 31
2002 Aug 2.88 0.99 1.20 31
2002 Sept 3.46 0.83 1.21 30
~ Rock Creek Dam Station
Daily Average ' Data
Station Units  Year Month Max Min Mean  Days
Air Temperature ' (°C)  .2002 . June 25.0 16.5 22.0 30
' : : 2002 July 30.1 23.6 26.0 31
©2002 ©  Aug 29.0 18.7 23.8 31
2002 Sept 25.9 14.5 20.8 30
Relative Humidity (%) 2002 June 55 21 38 30
2002 July 47 23 34 31
2002 Aug 42 20 31 31
2002 Sept 62 22 32 30
Solar Radiation (watts/S) 2002 June 312 238 290 30
2002 July 302 209 279 31
2002 Aug 276 223 248 31
2002 Sept 228 62 193 30
Wind Speed (mph) 2002 June 3.99 2.34 3.26 30
2002 July 3.84 2.17 3.01 31
2002 Aug 3.52 2.40 311 31
2002 Sept 4.31 2.57 3.15 30
1: Base on hourly average data.
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£:23.2 WATER TEMPERATURE

~ 32.1 2002 Monitoring

- As discussed in Section 2.2.3, water temperatures were continuously monitored during
‘the summer of 2002.  Due to the voluminous nature of this data, the information
presented in the following section will summarize the data collected during the

monitoring effort. Appendix A presents a summary of hourly average data.

For consistency with the temperature level specified for th’e‘ Licensee’s Rock Creek
Cresta Project (FERC 1962) ;(Paciﬁc Gas and Electric Company 2000b), daily average
data are used fhroughout this document unless otherwise specified. Table 3-4 summarizes

the daily average water temperature data collected d\iring the 2002 program.
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Table 3-4
Summary of Daily Average Water Temperatures from UNFFR — 2002
Daily Temperatures»l Daily Range * Data
Station Year Month max min mean max min mean Days
NFFR at 2002 June” 154 9.6 12.7 7.5 . 36 6.6 30
Chester 2002 July 16.8 14.7 15.7 7.6 39 6.4 3
. (NF1) =~ 2002 Aug 16.1 12.8. 14.2 6.7 42 5.7 31
' 2002 Sept 14.0 938 11.5 54 2.8 4.4 30
Hamilton 2002 - June 124 10.1 118 - 5.6 3.6 5.1 30
" Branch at 2002 July . 126 11.5 12.00 54 37 49 31
Road bridge 2002 Aug 12.7 11.0 11.8 7.1 39 4.5 31
(HB1) - 2002 Sept - 11.7 93 104 4.1 20 36 30
Hamilton 2002 . June' 134 10.9 12.6 7.9 5.0 7.3 30
Branch 2002 July 14.0 124 133 8.0 53 7.3 21
Powerhouse ©~ 2002 Aug 19.1 16.1 17.5 5.2 34 44 30
(HB2) 2002 ‘Sept 170 95 14.4 51 22 . 38 30
Lake Almanor 2002 June 225 16.9 19.7 41 0.7 1.6 30
at Canyon Dam 2002 July 253 . 217 23.6 23 0.7 1.3 31
near surface 2002 Aug . 254 21.8 231 1.6 . 05 1.0 31
(LA1-S) 2002 Sept 225 181 20.0 1.6 0.3 1.0 30
Lake Almanor 2002 June 93 8.2 89 - 06 0.1 0.2 30
at Canyon Dam 2002 July 104 9.3 9.9 06 . 02 03 31
~ near bottom 2002 Aug 11.2 10.5 10.8 0.7 0.3 0.4 31
| (LA1-B) . 2002 Sept 114 11.1 113 04 0.1 0.3 30
NFFR be‘low' 2002 June 11.9 10.6 113 . 25 0.5 1.0 30
Canyon Dam 2002 July. 13.0 - 118 12.5 1.6 . 05 0.8 31
(NF2) 2002 Aug 134 12.9 13.3 1.0 0.3 0.6 - 31
2002 Sept 14.1 133 13.7 1.7 0.5 1.0 30
,NFFR at 2002 June 14.7 11.8 "13.5 4.6 32 42 . 30
Seneca Bridge 2002 July 15.7 14.2 15.0 4.7 3.0 39 31
(NF3): 2002 Aug 15.6 13.5 14.5 4.0 29 33 31
' 2002 Sept 14.6 122 134 3.0 14 - 25 30
NFFR above . 2002 June 15.6 12.3 14.3 43 20 37 30
Caribou PH 2002 July 16.8 15.0 15.9 4.1 20 33 31
(NF4) 2002 Aug- 163 139 15.0 3.7 23 3.0 31
2002 Sept 15.0 12.1 13.4 30 11 23 30
Butt Valley 2002 June . 16.1 148 . 155 8.4 1.4 34 4
Powerhouse 2002 July 217 17.8 20.2 53 1.2 3.1 29
[Corrected] 2002 Aug 219 204 212 31 0.3 0.8 31
(BV1) 2002 Sept 21.3 17.9 19.3 1.3 0.3 0.6 30
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'
!

Table 3-4 (Continued)

4 Daily Temperatures ' ‘Daily Range * Data

Station Year  Month max min’  mean max' . min - mean Days
Butt Valley Res. 2002 June 221 183 20.1 29 5 1.2 30
at Caribou Intake 2002 July: 24 4 22.1 233 20 0.6 11 31
Near surface 2002 Aug 24.0 21.7 227 19 0.5 0.9 31
(BV2-S) 2002 Sept’ 22.2 18.4, 20.1 1.6 ' 03 0.8 30
Butt Valley Res. 2002 June 11.9 94 10.4 0.8 0.2 0.5 30
at Caribou Intake 2002 July 18.5 11.9 15.0 1.6 04 0.8 31
" Near bottom 2002 Aug 20.8 18.7 20.0 0.7 0.1 0.5 31
(BV2-B) 2002 Sept 20.6 18.2 19.3 0.5 0.1 0.2 30
Butt Creek above 2002 June 1s.1. 116 13.9 7.5 5.1 © 6.5 30
Butt Valley 2002 July 16.0 13.7 14.7 7.1 4.7 6.0 31
Reservoir 2002 Aug 14.8 11.9 131 6.2 4.2 5.4 31
(BC1) 2002 Sept 13.1 9.5 11.1 5.0 2.5 4.1 30

i .
Butt Creek below 2002 June 10.7 10.4 10.6 0.7 04 0.6 30
Butt Valley 2002 July 10.8 10.6 107 06, , 04 0.5 31
Reservoir 2002 Aug 10.8 10.5 10.7 0.7 0.5 0.6 31
(BC2) 2002 Sept 10.7 104 10.5 0.6 03 0.5 30
Butt Creek at 2002 June 12.1 10.6 11.5 2.6 1.5 22 30
Mouth - 2002 July 12.8 11.9 12.4. 23 1.4 2.0 31
(BC3) 2002 Aug 12.9 11.7 12.4 24 1.7 1.9 31
2002 Sept 12.6 11.3 12.0- 2.0, - 09 1.6 30
Caribou No. 1 2002 June 13.3 12.3 12.7 1.9 0.1 ‘1.0 5
Powerhouse 2002 July 21.0 16.3 19.3 43 0.6 1.3 29
[corrected] 2002 Aug 219 212 214 26 . 02 0.9 31
(CARBI1Y 2002 Sept 213 182 "~ 197 - 09 . 0.3 0.2 30
CaribouNo.2 2002 - June  21.5 17.4 19.3 41 . 06 1.5 30
Powerhouse 2002 July 24.0 21.9 23.2- 2.7 0.6 1.1 28
[corrected] 2002 ‘Aug 237 215 22,5 1.2 0.3 0.7 31
(CARB2A) 2002 Sept 22.1 18.3 19.9 1.1 03 0.6 30
Belden Reservoir 2002 June 215 181 195 15 0.3 0.6 30
At Intake 2002 July 22.8 19.3 21.5 1.9 0.2 0.7 31
(BD1) 2002 Aug 226 214 219 09 03 0.5 31
2002 Sept 21.7 18.4 19.8 0.6 0.2 0.3 30
NFFR below 2002 June 18.9 15.9 174 14 0.3 0.6 30
Belden Dam 2002 July 21.1 17.8 194 1.3, 0.3 0.8 31
" (NF5) 2002 Aug 21.2 20.2 207 - 07 0.2 0.5 31
2002 Sept 20.9 16.8 18.8 2.8, 0.4 0.5 30
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Table 3-4 (Continued)

. Daily Temperatures T Daily Range * Data
Station Year Month  max min mean max min mean _ Days
Mosquito Creek 2002 June 14.4 114 13.0° 23 1.4 20 30
At mouth 2002 July 156 138 14.7 24 14 2.0 31
(MC1) 2002 Aug 15.3 12.9 13.9 22 1.5 1.8 31
2002 Sept - 13.7 11.3 12.2 1.7 1.0 1.5 30
NFFR near 2002 June 19.0 15.7 17.1 39 2.5 34 30
"Queen Lily 2002 July 21.1 18.1 19.5 4.2 2.6 33 31
Campground 2002 Aug 21.1 19.6 20.3 3.5 2.2 2.8 31
(NF6) . 2002 - Sept 20.9 19.3 18.0 4.7 24 35, 30
NFFR near 2002 June 19.3 16.2 17.5 5.6 3.6 5.0 30
Gansner Bar 2002 July - 213 18.5 19.7 6.0 35 49 . 31
(NF7) 2002 © Aug 211 19.1 20.1 5.4 34 43 31
2002 Sept 20.5 16.1  17.6 5.5 2.6 42 30
East Branch 2002 June 223 17.8 20.8 4.6 25 39 30
NFFR at mouth 2002 July 255 224 23.8 4.0 1.8 29. 31
(EB1) 2002 Aug 243 19.9 21.8 34 1.9 2.5 31
‘ 2002 Sept 21.6 15.9 18.2 2.8 1.1 2.0 30
NFFR at Belden - 2002 June 21.2 17.1 19.4 5.2 4.2 4.7 .30
Town Bridge 2002 July 229 204 214 5.3 35 4.6 31
(NF8) 2002 Aug 223 19.5 20.7 5.2 39 45 31
' 2002 Sept 21.0 161 18.0 44 22 34 30
Belden 2002 June 18.7 17.7 180 1.0 0.4 0.7 7
Powerhouse 2002 July 22.5 19.0 21.2 1.9 0.1 0.6 29
(BD2) 2002 Aug 22.6 214 21.8 1.0 0.1 0.4 31
2002 Sept 21.7 18.3 19.8 0.6 0.2 0.3 30
Yellow Creek 2002 June 17.0 12.3° 15.0 38 1.9 32 30
Near mouth 2002 July 18.6 16.0 17.1 '35 2.0 29 31
(YC1) 2002 Aug 17.7 14.0 15.6 3.1 2.0 29 31
2002 Sept 15.4- 11.8 13.1 22 0.8 1.7 30
Chips Creek 2002 June 16.2 106 - 13.6 5.4 32 4.6 30
Near mouth 2002 July 17.9 154 168 5.8 37 4.9 31
(CHIP) 2002 Aug 17.7 145 15.9 56 4.0 4.7 31
2002 Sept 15.9 12.1 13.7 4.8 1.8 4.0 30
NFFR below Rock  --- - - --- -—- --- --- - -
Creek Dam -—- -—- --- - - - --- - -
(NF9) - - --- “-- - --- --- . ---
NFFR at NF-57 . 2002 June 20.7 20.1 20.3 37 1.4 3.0 S
Insitu Recorder 2002 July 22.5 20.0 213 2.5 0.6 1.7 31
(NF10) 2002 Aug 22.1 20.5 21.2 2.0 1.1 14 31
, 2002 Sept 21.2 17.6 19.1 14 0.3 1.0 30
3-27

© 2003, Pacific Gas and Electric Company




Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

Table 3-4 (Continued)

Daily Range * -

. Daily Temperatures ' Data
Station Year Month max Min mean max' | min mean  Days
Milk Ranch Creek 2002 June 16.0 106 . 14.0 53° 3.0 4.7 30
Near mouth 2002 - July 17.9 148 © 164 55 . 32 45 31
(MR1) 2002 Aug 17.2 13.3 15.0 48 3.1 3.9 31
2002 Sept 18.1 1.1, 127 35 1.5 2.7 30
Chambers Creek 2002 - June 16.5 9.0 13.7 6.3 31 5.0 30
Near mouth 2002 July 18.8 14.9 16.9 59 . 34 49 31
(CHAM) 2002 Aug 181 13.9 15.7 57 35 4.7 31
2002 Sept 163 - 11.6 13.8 5.1 1.8 4.1 30
NFFR near Tobin 2002 June 209 16.0 18.6 5.1 3.0 39 30
Blw Granite Crk - 2002 July 22.8 202 215 43 26 . 35 31
(NF11) 2002  Aug 225 19.8 21.0 4.1 2.7 3.2 31
2002 Sept 21.0 17.3 18.8 35 1.5 2.7 30
Jackass Creek 2002 June 16.5 9.6 14.1 64 4.2 54 30
Near mouth 2002 July 18.9 15.0 17.0 6.1 32 4.6 -3
(JKC1) 2002 Aug 183 13.7 15.9 4517 29 - 37 31
2002 Sept 16.5 12.2 14.2 39 14 31 30
NFFR abv Bucks 2002 June 21.0 15.9 18.6 52 2.7 3.6 30
Creek 2002 July 229 -20.2 21.6 38 22 29 31
(NF12) 2002 Aug 22.6 19.7 21.0 36 . 24 2.8 31
2002 Sept 21.1 17.2 18.8 3.7 1.3 2.5 30
Bucks Creek 2002 June 18.1 12.4 16.0 7.0 4.1 6.0 30
Near Mouth 2002 July 204 16.8 18.6 7.2 39 5.7 31
(BUCK1) 2002 Aug 19.3 14.8 -16.9 6.2, 35 4.8 31
2002 Sept 17.1 12.0 14.0 4.6 1.6 35 30
Bucks Creek 2002 June 18.6 132 15.6 29 0.0 . 1.4 27
Powerhouse 2002 July 18.9 15.6 16.7 3.6 03" 1.1 26
(BUCK2) 2002 Aug 15.5 13.5 143 45 0.3 15 21
2002 Sept 13.7 126 . 13.0 2.3 - 0.2 0.6 30
NFFR abv Rock 2002 June  21.0 15.8 18.6 4.6 2.0 31 30
Creek Powerhouse 2002 July 228 - 194 20.7 4.6 1.9 33 31
(NF13) 2002 Aug 21.8 17.6 19.3 53 1.9 .37 31
” 2002 Sept 18.1 150 163 45" 1.7 2.9 30
Rock Creek 2002 June 201 16.1 18.1 18 02 .09 . 30
Powerhouse 2002 July 22.6 196- 213 14 02 0.8 31
(RC1) 2002 Aug 226 21.0 21.7 1.5 0.3 0.9 31
‘ 2002 Sept 21.7 18.4 19.8 0.4 0.8 31

14 |
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Table 3-4 (Continued)

(MB1) 2002  Sept 199 162

Daily Temperatures ' Daily Range * Data

Station Year Month max Min ' mean max min mean Days
Rock Creek 2002 June 17.6 114 14.8 3.6 14 2.3 30
Near mouth 2002 July 19.7 16.5 18.1 2.7 1.47 2.1 31
(RC2) 2002 Aug 193 156 171 .23 13 1.8 31
2002 Sept 17.1 13.7 14.8 1.9 04 1.3 30
NFFR abv Grizzly 2002 June 20.8 16.7 18.4 1.5 0.7 1.1 30
Creek 2002 July -~ 222 20.3 21.2 1.6 0.5 1.0 31
(NF14) 2002 Aug 21.9 19.6 20.7 1.6 0.5 1.1 31
. 2002  Sept 205 .17.1- 185 1.3 0.3 0.8 30
Grizzly Creek 2002 June 18.3 12.7 15.9 4.0 2.7 3.6 30
Near mouth 2002 July 20.8 17.8 19.3 44 27 3.6 31
(GR1) 2002 - Aug 20.5 16.4 18.0 38 2.6 31 31

2002 Sept 17.8 13.5 15.0 29 0.8 2.1 30 .
NFFR at NF-56 2002 June 20.9 16.2 18.4 32 1.0 2.6 30
blw Grizzly Crk 2002 July 22.1 204 21.3 3.2 1.8 25 - 31
(NF15)- 2002 Aug 22.0 19.5 20.6 3.1 1.0 23 30
2002 Sept 20.5 16.9 18.4 2.6 0.9 31 30
NFFR abv Cresta 2002 June’ 21.2 164 = 187 35 2.1 3.1 30
Powerhouse 2002 July 22.6 20.9 21.7 37 2.1 2.8 31
(NF16) 2002 Aug 224 196 20.9 3.1 1.6 24 31
2002 Sept 20.7 17.1 185 . 3.0 1.0 2.1 30
_ Cresta 2002 June 20.8 16.3- 18.5 1.7 0.1 0.7 30
Powerhouse 2002 July 22.5 20.4 21.4 1.3 0.1 0.8 30
(CR1) 2002 Aug 22.5 20.1 21.0 1.8 0.4 1.1 31
2002 Sept 20.7 17.3 18.7 1.6 0.3 0.6 30
Middle Fork 2002 June 21.1 15.2 18.2 33 1.4 2.5 30

Feather River 2002 July 233 20.5 21.9 3.7 20 3.0 31
At Milsap Bar 2002 - Aug 22.9 18.6 20.3- 3.0 2.1 2.6 - 31
17.3 2.6 1.6 2.2 26

1. Daily values are based on hourly average data, month statistics represent the
maximum, minimum, and mean based on these hourly average temperatures. For
example, the maximum June temperature represents the maximum daily average

measured in June. See Appendix A for a summary of hourly data.

2. Daily range is calculated based on the daily maximum temperature minus the daily
minimum temperature. Monthly statistics are based on these daily range values.
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" 1:1:1:43.2.1.1 Lake Alnianor and Tributariés. '
> '
Summer water temperatures in the NFFR upstream of Lake Almanor (near Chester)

(NF1) were monitored in 2002 by the Licensee. This station was :located in the NFFR
upstream of the town of Chester a'nd' about 1 mile downstream of the Army Corp. of
Engineers _ﬂo.od diversion dam. During the 2002 program, daily average temperatures at
station NFlé ranged from 9.6 to 16.8°C, and averaged 13.5°C. "The diel fluctuation in

temperature ranged from 2.8 to 7.6°C, and averaged 5.8°C in 2002.

- Under the Rock Creek-Cresta Relicérising Settlement Agreement (Paciﬁc Gas and
Electric Company 2000b), a daily average water temperature of 20°C or less is specified
as the desired Watér temperature level. As part of the license, to the extent that can
reasqnably be controiled the Licensee shall try to -n;aintain cdnditions at or below tﬁis
temperature ievel. For tﬁis réason, a compériéon to this lévE:jl was made at applicable
locations. At station NF1, daily average témpefatufes did nbi excebed 20°C durihg the
2002 June through Sépfember period. The maximum ﬁoﬁrly average temperature
recorded at ‘this station duriné the 2002 monitoring brogram was 20.1°C on July 11, 2002
(Appéﬁdix A). Table 3-5 'compares'daily average temperature’s ‘from each station with the -
20°C level. Figure 3-6 compares the daily avérage temperature fror‘n‘ the NFFR with

oother stations tributary to Lake Almanor.
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Table 3-5

Summary of daily average temperature comparison with the 20°C level.

Days  Total
Greater Data Percent
Station - Year _Month _ 20°C Days  Exceedance

NFFR at 2002 ° June °~ O 30 0%
Chester 2002 July 0 31 0%
(NF1) 2002 . Aug 0 -3 0%
2002 Sept 0 30 0%
Hamilton 2002 June 0 - 30 0%
Branch at 2002 July 0 31 0%
Road bridge 2002 - Aug 0 31 0%
(HB1) 2002 Sept 0 30 0% -
Hamilton 2002 June 0 30 0%
Branch 2002 July 0 31 0%
Powerhouse 2002 Aug 0 31 0%
(HB2) 2002 Sept 0 30 0%
Lake Almanor 2002 June 13 - 30 C 43%

'at Canyon Dam 2002 July 31 31 100%

near surface 2002 Aug 31 31 100%
(LA1-S) 2002 Sept 12 30 40%
Lake Almanor 2002 June 0 30 0%
at Canyon Dam 2002 July 0 31 0%
near bottom 2002 Aug o - 31 0%
(LA1-B) 2002 Sept O 30 0%
NFFR below 2002 June 0 30 " 0%
Canyon Dam 2002 - July 0 - 31 0%
(NF2) 2002 Aug 0 .31 0%
2002 Sept 0 30 0%
NFFR at 2002 June 0 30 0%
Seneca Bridge 2002 July 0 31 0%
(NF3) 2002 Aug 0 31 . 0%
- 2002 Sept 0 30 0%
NFFR above. 2002 June 0 30 0%
CaribouPH 2002 July 0 31 0%
(NF4) 2002 Aug 0 31 - 0%
2002 Sept 0 30 0%
Butt Valley 2002 June 0 4 0%
Powerhouse 2002 July - 20 29 69%

[Corrected] 2002 Aug 31 3 100%
(BV1) 2002 Sept 5 30 17%
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 Table 3-5 (Continued)

Days  Total
: Greater Data Percent
Station | Year Month'  20°C . Days ' Exceedance
Butt Valley Res. 2002 June 16 53%
at Caribou Intake : 2002 July 31 100%
Near surface 2002 Aug 31 100%
BV2-S) 2002 Sept . 14 . 47%
Butt Valley Res. 2002 June 0 . 0%
at Caribou Intake = 2002 July 0 J 0%
Near bottom 2002 Aug 15 48%
(BV2-B) < 2002 Sept 8 ‘ 27%
Butt Creek above 2002 June 0 30 0%
Butt Valley 2002 July 0 31 0%
Reservoir 2002 " Aug 0 31 0%
(BC1) 2002 Sept 0 30 0%
Butt Creek below 2002 June 0 30 0%
Butt Valley 2002 July 0 31 0%
Reservoir 2002 Aug 0 31 0%
- (BC2) 2002 . Sept 0 30 0%
Butt Creek at 2002 June 0 30 0%
Mouth 2002 July 0 31 0%
(BC3) . .2002 Aug 0 31 . 0%
2002 Sept 0 30 0%
CaribouNo.1 - 2002 June -0 5 0% .
_ Powerhouse 2002 July 10 29 34%
Tcorrected) 2002 - Aug 31 31 .. 100%
(CARBI) 2002 Sept 8 31 1 27%
CaribouNo. 2 - 2002 June 8 30 27%
Powerhouse 2002 July. 28 28 100%
[corrected) 2002 Aug 31 3l 100% -
(CARB2A) 2002 Sept 13 30 43%
Belden Reservoir 2002 June 89 30 30%
At Intake 2002 July. 28 31 90%
(BD1) 2002 Aug 31 31 100%
2002 Sept 12 30 40%
NFFR below 2002 June 0 30 0%
Belden Dam 2002 July . 7 .31 23%
(NFS) '~ 2002  Aug 31 31 100%
2002 Sept 6 - 30 20%
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Table 3-5 (Continued)

Days  Total

: Greater Data Percent
Station Year Month 20°C Days Exceedance
Mosquito Creek 2002 June 0 30 - 0%
At mouth 2002  July "0 31 . 0%
(MC1) 2002 Aug -~ O 31 0%
.2002 Sept 0 30 - 0%
NFFR near 2002 June 0 30 0%
" Queen Lily 2002 July 7 31 23%
Campground 2002 Aug 23 31 74%
(NF6) 2002 Sept 2 30 7%
NFFR near 2002 June 0 30 0%
Gansner Bar 2002  July 13 31 42%
(NF7) 2002  Aug . 18 31 58%
2002 Sept 2 30 1%
East Branch 2002 - June @ 21 30 70%
NFFR at mouth 2002 July 31 31 - 100%
(EB1) 2002 Aug 29 31 : 94%
- 2002 Sept 4 30 o 13%
NFFR at Belden 2002  June 8 30 27%
Town Bridge 2002 July 31 .31 100%
(NF8) - 2002 Aug 23 31 74%
_ 2002 Sept - 3 30 10%
Belden 2002 June 0 o7 0%
Powerhouse 2002 July 25 29 - 86%
(BD2) 2002 Aug 31 31 100%
2002 Sept ,
Yellow Creek 2002 June - 0 30 0%
Near mouth 2002 July 0 31 0%
(YC1) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
Chips Creek 2002 June 0 30 0%
Near mouth 2002 July 0 31 0%
(Chip1)- 2002 . Aug 0 31 0% -
2002 Sept 0 30 - 0%
NFFR at NF-57 - 2002 June 5 5 - 100%
Below Rock Crk 2002 July 29 31 94%
Dam (NF10) 2002 Aug 31 31 100%
2002°  Sept 5 30 17%
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E Table 3-5 (Continued)

Days  Total ‘
" Greater Data " Percent

Station Year Month  20°C  Days Exceedance
Milk Ranch Creek 2002  June - ;. ‘0 30 e 0%
Near mouth - 2002 July 0 31 0%
" (MRI) 2002 Aug 0 31 . 0%
' 2002 Sept 0 30 ' 0%
Chambers Creek = 2002 June 0 30 - 0%
Near mouth 2002 July 0 31 0%
(Cham1l) 2002 Aug 0 31 0%
© 2002 Sept 0 .30 0%
NFFR near Tobin 2002 June 6 30, . 20%
Blw Granite Crk - 2002 July 31 31 - 100%
(NF11) 2002 Aug- 29 i1 94%
2002 Sept 4 30 13%
Jackass Creek 2002 ° June - O 30 0%
Nearmouth = 2002 July 0 3.7 0%
Jcy 2002 Aug 0 31 0%
2002 Sept 0 30 . 0%
NFFR abv Bucks 2002 June 6 30 20%
"~ Creek 2002 July .31 31 100%
(NF12) 2002 Aug 28 31 ' 90%
2002 Sept 4 30 13%
Bucks Creek 2002 June 0 30 0%
Near Mouth - 2002 July o2 31 6%
(BC1) 2002 Augi' 0 it T 0%
2002 Sept 0 30 0%
Bucks Creek ~ 2002  June 0 27 0%
Powerhouse 2002 July 0 26 0%
(BC2) i 2002 . Aug . 0 21 o 0%
© 2002 - Sept 0 - 30 . 0%
NFFR abv Rock: 2002 June ' 6 30 0 20%
Creek Powerhouse 2002 July. 26 31 84%
(NF13) © 2002 Aug 10 31 32%
: " 2002 Sept 0O 30 0%
Rock Creek 2002 June 1 .30 3%

Powerhouse 2002 uy 29 31 94%

(RC1) 2002 Aug 31 31 100%
;2002 Sept 11 30 . .37T%
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| Table 3-5 (Continued)

- Days Total .
Greater Data Percent
Station Year Month  20°C Days  Exceedance
Rock Creek 2002 June 0 30 0%
Near mouth 2002 July 0 31 0%
(RC2) ° -+ 2002 Aug 0 31 0%
2002 Sept 0 30 0%
NFFR abv Grizzly 2002 June 4 30 13%-
Creek 2002 July 31 31 100%
(NF14) 2002 Aug 27 31 87%
' 2002 Sept 4 .30, 13%
Grizzly Creek 2002 June "0 30 0%
Near mouth 2002 July 8 31 26%
(GC1) 2002 Aug 3 31 10%
2002 Sept 0 30 0%
NFFR at NF-56 2002  June 5 30 17%
blw Grizzly Crk 2002 July 31 31 100%
(NF15) .2002 Aug 26 30 84%
. 2002 Sept 4 30 13%
NFFR abv Cresta 2002 June 6 - 30 . 20%
Powerhouse 2002 July 31 31 100%
(NF16) 2002 Aug 28 31 90%
2002 Sept. 4 30 13%
Cresta 2002 June 5 30 17%
" Powerhouse 2002 July 30 30 100%
(Crestal) 2002 Aug 31 31 100%
2002 Sept - 5 30 17%
Middle Fork 2002 June 6 30 20%
Feather River 2002 July 31 31 100%
At Milsap Bar 2002 Aug 16 31 52%
(MB1) - 2002 Sept 0 26 0%
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" Water temperatures in the Hamiltorr Branch of the NFFR :(Hamitton Branch) are
~ primarily a_function of conditions in Mountain Meadows Reservoir and the sigrliﬁcant
accretion that occurs along its entire length. Temperatures in the Hamilton Branch tend_
to be less variable and slightlv cooler than those measured in the NFFR upstream of Lake
Almanor (NF t). The Hamilton Branch station (HB1) was located in the river below the
. Peninsula Road Bridge; this‘station ‘was positioned to be upstream of any. backwater
effect associated with Lake Almanor. During the 2002 program, daily average
temperatures at station HB1 ranged from 9.3 'to 12.7°C, and averaged 11 5°C. The diel
fluctuation in temperature ranged from 2.0 to 7.1°C, and averaged 4.5°C in 2002. Figure
36 compares the daily average temperature from HB1 with other stations tributary to
Lake Almanor. The maximum hourly average temperature recorded at this station during
the 2002 monitoring program was 17.1°C on August 1, 2002 (Appendlx A). At station

HBI1, da11y average temperatures did not exceed 20°C dunng the June-September 2002

period (Table 3-5).

.Water‘ temperatures associated with flow through HamiltongBranch Powerhouse are a
function of conditions | irl Mountain Meadows Reservoir. vT.he Hamilton Branch
Powerhouse station (HB2) was located in the diversion canal immediately upstream of |
the head-works control structure. The powerhouse discharges directly into Lake Almanor
from. an elevated tailrace.  During the 2002 program, daily, average temperatures at
station HB2 ranged from 9. 5 to 19. 1°C and averaged 14. 5°C The diel fluctuation in
temperature ranged from 2. 2 to 8. O°C and averaged 5.7°Cin 2002 Figure 3-6 compares .

" the dally average temperature from HB2 with other stations tnbutary to Lake Almanor.
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The higher temperature value-s_ observed in the late part of the summef (August-
September) were associated with higher' instream releases from Mountain Meadows
‘Reservoir. The maximum hourly average temper_ature‘recordéd at this station-during the
2002 monitoring program was 21.6°C on August 2, 2002 (Appendix A). Daily average

temperatures did not exceed 20°C during the June-September 2002 period.

* As discussed earlier, Lake Almanor is the primary storage reservoir on the NFFR. Laké
Almanor has a very large sufface area with relatiVely moderate depths. Resource
moﬁitoring indicates that near the Canyon Dam and Prattville intakes, Lake Almanor
| undergoes thermal gnatiﬁcation l(CDFG 1988; DWR 1999; Pacific Gas and Electric
Company 1982; 1984, 1986a, 1987, 2002). Thermal gradients typically begin to develop
relatively early in Lai(e Almanor (April-May). During June, t_’he development of
temperature stratification is well und.erway. By july, a fully developed thermal structure
is present, including a well-developed epilimnion, thermocline, and _hypolimnion. The
stratification is persistent throughout the ‘summer, with the epilimnio.n growing
, downward throughout the periodb and with turnover usually occurring in during the period

between late September and October. |

The general pattern of temperature stratification near the Canyon Dam Intake wasl
continuously measured bya submerged array of digital recorders deployed in 2002. The
temperature recorders were set up on a cable attached to a buoy. As a result, the top

sensor remained approximately 0.5 meters below the surface, while the bottom sensor
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. was typically 0 to 2 fneters off of the bottom depending on lake elevation. Data from
2002 inciicated that mean daily temperatures at the lake surface (epilimnion) ranged from
16.9 to 25.4°C during the Juné through September period. Mean déily temperatures near
the bottom'(hypolirlnnion) ranged from 8.2 to 11.4°C during the same period. Figure 3-7

i

compares mean daily temperatures from the epilimnion and hypolimnion for 2002.

Summer temperature - profiles in Lake Almanor - show that- a. warm ui)per layer
(epilimnion) extends to a depth of about 9 meters and that a colder bottom layer
(hypblimnion) typically exists below a depth of 12 meters. Thé seasonal characteristics
of the Lake Almanor therﬁxocline_were defined using monthly vertical proﬁies. Figure 3-
R 8 compares monthly profiles from Lake Almanor near the Caﬁyon Dam Intake (LA-P1)

. for the period June through Septembér 2002.

Vertical temperature proﬁles‘ were measured at four locat.ioh“s,‘ covering thé main bodyl
and two longitudinal axes of Lake Almanor._ Figure 3-9 compares moﬂthly profiles from
each of the four profile stations. This figure illustrates the loﬁgimdinal thermal structure
| p‘resenf in Lake Almanor in:2002. As illustrated by these figures, temperature profiles
indicate that colder water is present only in stations located in the deeper portions of the

lake, particularly near Canyon Dam (Péciﬁc Gas and Electric Company 2002).
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$:34:1:23.2.1.2 Butt Valley Reservoir and tributaries

Butt Valley Reservoir is a long, nérrow water body of moderate depth. The deepest areas
‘of the reservbir occur near the' dam. Water temperature in Butt Valley Reservoir is
esseﬁtially driven by conditions in Lake Almanor and the physical conﬁguration of the
Pratville Intake. The operations of Butt Valley Powerhouse and the Caribou No. 1 and
No. 2 poWerhouses are the primary controlling influences on the water resources leaving
Butt Valley Reservoir. Under tjpical conditions, only a limited volume of cold water is |
available in Butt Valley Reservoir during the summer. Contributions from Butt Creek are
seasonally variable, but typically remain a relatively small portioﬁ of the total inflow to
thé reservoir. The thermal strucﬁlre of Butt Valley Reservoir is driven largely by the
physiéal conﬁguraﬁon of the resewoir and Ithé location and operation of the two Caribou

intakes.

Although perennial flow is present in Butt Creek upstream of Butt Valley Reservoir, the
pﬁmary source of ﬂow. into the reservoir is through Butt Valley Powerhouse. .
Temperatures' in the tailrace are representative of temperatures withdrawn from the
i’rattvillé Intake in Lake Almanor (Pacific Gas and Electric Corhpany 1986a). The Butt
Valley Powerhouse station (BV1) Was located in the tailrace estuary downstream of the
powérhouse. The taiirace dischargés directly into the original Butt Creek channel,
however, depending on 1;ké elevation thié area can exhibit flow characteristics ranging
frolm riverine to lakersturne. During the 2002 program, daily average témperatures at

station BV1 ranged from 14.8 to 21.9°C, a;ld averaged 19.1°C. The diel ﬂuct{lation in

temperature ranged from 0.3 to 8.4°C, and averaged 2.2°C in 2002. The maximum
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hourly average temperature recorded at thisyls‘tation duﬁng thez‘2‘.OiOZ menitodng prdgram
was 22.6°C on August 1, 2002 (Appendix A). The daily averege temperatures at station
BV1 exceeded 20°C on 56 of 94 operational days (60%) during the .2002 June through
September period. Figure 3-10 cofnpares deily average'tenjperetures from BV1 Qith

other station tributary to Butt Valley Reservoir.

Temperatures in Butt Creek (iBCl) were moﬁitored upstream o}' :the backwater effect ff_em
Butt Valley Reservoir during the 2002 period. During the 2002 program, daily average
temperatures at station BC1 ranged from 9;5_to 16.0°C, and‘a‘weraged 13.2°C. The diel
ﬂucﬁation in temperature rafnged from 2.5 to 7.5°C, and aver;ged 5.5°C in 2002. The
maximuﬁl hourly average temperature recorded at this station during the 2002 monitoring
program was 18.9°C on July 11, 2002 (Appendix A). The dail‘yl‘ average temperatures at
: “ 1 S -
station BC 1 did not exceed 20°C during the 2002 June threugh"_ September ﬁeriod (Table

3.5).

A moderately pronounced thiermal gradient does develop in ’IButt Valley Reservoir in the
late spring and early summer. HoWever, as a result of the reletively‘ short retention time,
‘and depending on the fréqujehcyI of usage of lth'e Caribgiu No 1 'Intake (‘llocated in the
deeper pertion of the lake),g the limited cold water volume‘vcan be consumed in a few
weeks. In general, an identifiable thermocline was present in June and persisted through
Juiy. By early August, a'well-deﬁned epiliﬁnion was no longer pfeseht (Peciﬁc Gas and

Electric Cempany 2002).

5 340 :
"© 2003, Pacific Gas and Electric Company

A



Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

The seasonal charactei'istiqs of the Butt Valley Reservoir thermocline in 2002 were |
defined using monthly vertical profiles. Figure 3-11 compares monthly proﬁies from the
Butt Valley Reservoir near Caribou No. 1 Intake (BV-P1) for the period June through
September 2002. As indicated by this data Butt Valley Reservoir was essentially

isothermal by August 2002.

Vgrtical temperature profiles were measured at three locations (BV-P1, BV-PZ, BV-PS),
covéring the longitudinal axis of Butt Valley Reservoir. Profiles measured from‘ June
through September 2002 indicated little difference in thermal structure along the
longitude of the reservoir. Figure ‘3-12 illustfates the longitudinal 'thermal structure
present in Butt Valley Resgrvoir in 2002 by éompariﬁg monthly temperaturé_ profiles
frofn the three profile stations located in the reservoir. As illustrated by these figures the
ggen'eral thermal structure is well established in the upper portion of the reservoir. The

data also indicate that the only area with cool water is located near the dam. '

The developrherit of temperature stratiﬁéation ﬁear the Caribou No. 1 Intake was
measured continﬁously by a submérged array of digital recofders deployed in 2002. Th;:
temperature recorders were set up on a cable attached to a buoy. As a result, the top
sensor remained approximately 0.5 metéré below the surface, while the bottom sensor
Was typically 0.5 to 5 meters off of the bottom. Mean daily temperatures recorded in the
epilimnion (BV2-S) of Butt Valley Reservoir néar }the Caribou No. 1 Intake averaged\
21.5°C, and. ranged from 18.3 to 24.4°C for the period June through September‘ in 2002.

Mean daily temperatures from the hypolimnion (BV2-B) ranged from 9.4 to 20.8°C, with
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~ an average of 16.2°C during the same period (Table 3-4). Flgure 3-13 compares mean
daily temperatures from the epilimnion and hYpolimnion of Butt'Valley Reservoir for :

2002. As indicated by the data in this figure, the reservbir became isothermal (less than

2°C difference between top and bottom recorders) by late August.

To further evaluate the withdrawal characteristics of the Cariboli’No. 2 Intake channel, a
series of special profiles were made at two locations near the mouth of the channel.
" These profiles were taken in July, August, and October; The results of this investigation '

- are presented in Section 3.2.2.2.

3+:3.1.33.2.1.3 Seneca Reach of NFFR ' o

Water-temperature in thg NFFR below Canyon Dam is largely dctermined by_ the level at
which water is released from the lake throhgh the Canyon Dam iﬁtaké tower. At present,
the Licensee'prefergntially utilizes the lower gates as the source of fishwater releases.
‘ | The ';lower.gates in combination with the up’peru gates the upper gates are used during
periods tflat require high ﬂoW releases. During the 2002 monitoﬁng program, the lower

gates were used throughout the study period.

Water temperatures in the NFFR downstream of Canyon Dam (NFZ) were monitored

approkimately 0.25 miles dov\]m ﬁeam of the release structure durmg the 2002 monitoring

effort. This station represents. the initial conditions in the Seneca Reach and

. corresponded with the location of the permanent flow rhonitorng station (NF-2). During -
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fhe 2002 program, 'dailf average tenipératﬂres at station NF2 ranged from 10.6 to 14.1°C,
and averaged 12.7°C. The diel ﬂuqtuation in temperature ranged from 0.3 to 2.5 °C, and
averaged .0.9°C in 2002. The maximum hourly average temperature recorded at this
station during the 2002 monitoﬁng program wéé 14.8°C on September 29,‘ 2002
(Appendix A). The daily average temperatures at station NF2 did not,éxceed 20°C

during the June through September 2002 (Table 3-5).

Water temperatures in the NFFR at Seneca (NF3) were monitored approximately 60
meters déwnstream of the Seneca Road Bridge duﬁng the 2002 monitoring e'ffort. This
station represents conditions present in the_middfe of the Seneca Reach. During the 2002°
program, daily average temperatu;es at station NF3 ranged from 11.8 to 15.7°C, and
.averaged 14.1°C. The diel fluctuation in temperature ranged from 1.4 to 4.7°C, and
averaged 3.4°C in 2002. The maximum hourly average tempéra.ture recorded at this
. station during the 2002 monitoring pngrarri 'was 17.4°C on July 11, 2002 (Appendix A)
The daily é.verage temperatures at station NF3 did'not exceed 20°C duﬁng the June

through September 2002 period (Table 3-5).

Water temperatures weré monitored in the NFFR approximately 0.5 miles..upstr'eam of
Caﬁbou Ppwefhouse (NF4) during the 2002 mbnit_oring effort.  This station fepresents
conditions present at the end of the Seneca Réach.‘ During the»2002 program, daily
'average temperatures at station NF4 ranged ﬁom 12.1 to 16.8 °C, and averaged 14.6°C.

The diel fluctuation in temperature ranged from 1.1 to 4.3°C, and averaged 3.1°C in

3.43 .
© 2003, Pacific Gas and Electric Company




Draft Rock Creek-Cresta Compliance Monitoring Report - April.2003 ‘

2002. The maximum hourly ailerage temperature recorded at this station during the 2002
" monitoring program was 18.4°C on July 14, 2002 (Appendix ‘A). The daily average
temperatuies at station NF4 did not exceed 20°C during the 2002 June. through

September period (Table 3-5).

The rnagnitudé of ternpérature( changes occurring in the Seneca Reach depends on several
factors including which release gates are uSe;i, the magnitudélof the releaée flow, the
magnitude of tributary inflows, physical characteristics of the stream channel, and
meteofological éonditions. To compare thé relative change in temperature occurring
through the ehtire bypass reach, the daily average from NF2 was compared with NF4.
The daily average temperatures at NF4 (upstream of Caribou Powerhouse) averaged
1.§°C warmer in 2002, thgn at NF2 (below Canyoﬁ Darﬁ) for tl}é iune 'througﬁ September
period. These values represelnt'the average heating occurring through the entire Seneca
Reach and célculate- to a 0.2°C per mile increase in temperétfure‘ for 2002. Figure 3-14
compares the daily average ;ternperatures at the three stations lbcéted in the Seneca Reach

in 2002.

1:4:1:43.2.1.4 Lower Butt Creek

" As discussed previously, there is no release from Butt Valley Resetvoir to the lower Butt
’ . 1‘ . L . .

Creek channel. As a result, flows in lower Butt Creek are derived from various sources

of tributary and accretion inflows. Water temperature was measured at two locations in

Butt Creek downstream of Butt Valley Dam.
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" The first station in lower Butt Creek was located app'roximafely 0.3 mile below the dam
 (BC2). This station éaptufed inflow from Benner Creek, leakagé flows from ﬁutt Valley
'Dam, and the spring inflow that arises in the Butt Creek channel doWnstream of the
Benner Creek confluence. During the 2062 prografn, daily éveragg: temperatures at
sfatiori BC2 ranged from 10.4 to 10.8°C, and averaged 10.6°C. The diel temperature
fluctuation ranged from 0.3 to 0.7°C, and averaged 6.6°C in 2002. The maximum hdurly
average temperature recorded at this étation ciuring the 2002 monitoring program was
11.2°C on August 1, 2002 (Appendix A). The daily average temperatures at station BC2

did not exceed 20°C during the June through September period 2002 (Table 3-5).

The second station in lower Butt Creek was located near-the mouth (BC3). This station
was abéut 100 meters above the confluence with the NFFR. This statioh defines the
quality of inflow to the NFFR from the largest tributary in the Seneca Reach. During the
2002 program, daily average tgrnpératures’ at station BC3 ranged from 10.6 to 12.9°C,
and averaged 12.1°C. The diel fluctuation in temperature ranged from 0.9 to 2.6°C, and
averaéed 1'.9°C in 2002. The maximum hourly average temperafure recorded atvthis.
- station during the 2002 monitdﬁng program was 14.0°C Aﬁgust 14, 2002 (Appendi).( A) 
The daily avefage temperatures at station BC3 did not exceed 20°C during the June
through Septembqr périod in either 2002 (Table 3-5). Figﬁr’e 3-15 cofnpares the daily

average temperatures from the two stations in lower Butt Creek in 2002.
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$:4:1:53.2.1.5 Belden Forebay and Caribou Powerhouse complex

Water temperatﬁre in Beldeﬂ Forebay is primarily the result of* thé combined flows from
Caribou No. 1 and No. 2 Powerhouses. Other inflows to Belden Forebay originate from
the. Seneca Reach of the NFFR. All three-inflow sources enter;thr;ough the same channel

in the upper portion of Belden Forebay. -

Water temperatures at Caribou No.1 Powerﬁouse (CARB1) Were ﬁonitdred at an internal
location Aue to the configuration of the failrace at this {yfacility. . Water temperature data
‘were processed to remove data from periods v;/hen the powéfhouse was not operating and
water within .the penstock was static and no discharge to the NFFR was being made.
During the 2002 program, daily average temperatures at station CARBI ranged from 12.3
.‘to ’21.9°C‘, afld averéged 18.3;’C. The diel fluctuation m terripe:rature ranged from 0.1 to
4.3°C, and averaged 1.0°C in 2002." The maxi;flum ﬁourly av_er.age temperature recorded
at this station durin'g the 2002 monitoring program was 22:2°C on August 17, 2002
(Appendix A). The daily average temperatures at station CARBI1 exceeded 20°C_ on 49
of 95 opératioﬁal days (52%) duting the 2002 Julie tﬁrough Sépte&be_r period (Table 3- :
Water temperatures at Caribé)u I;Io. 2 Powerhouse (CARB2) \szée:‘re monitored direct from
the penstock at the main valve house. This: location was chosen due to the configuration
of the tailrace at this facility, which is submerged by‘ Belden Forebay.  Water

temperauire data were processed to remove data from periods when the powefhouse was
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not op,eratingi and water within the penstock was static and no discharge to the NFFR was
being made. During the 2002 program, daily averége temperatures at station CARB2-
raﬁged from 17.4 to 24.0°C, and averaged 21.2°C. The diel fluctuation in temperamre
ranged from 0.3 to 4..1°C, and averaged 1.0;’C in 2002. bThe maximum hourly average
temperature recorded at this station during the 2002 monitoring program was 24.7°C on
| July 29; 2002 (Appendix A). The daily average temperatures at station CARB2 exceeded

20°C on 80 of 119 operating days (67%) during the 2002.

Water temperature was monitored in Belden Forebay near the Belden Powerhouse Int‘ake.
at a fixed depth. lDuring the 2002 program, daily average temperatures at staﬁdn BDI1
ranged from 18.1 t0"22.8°C, and averaged»20.7°C. The diel fluctuation in temperature
ranged from 0.2 to 1.9°C, and aVéraged 0.5°C in 2002. The maximﬁm homly average
temperatﬁre recorded at this station during the 2002 monitoring program was 23.0°C on
July 29, 2002 (Appendix A). The daily .a.vér;age temperatures at station BD1 exceeded

20°C on 80 of 122 days (66%) during the 2002. |

Evaluation of water temperatures measured at BD1 and NF5 from 2000,' 2001, 2002 _
indicate that a thermal grédient exists in Belden Forebay. Due to the short retention time
in the forebay, this thermai gfadient is likely the result of operational conditions within
the system (inflow from both Caribou powerhouses, Belden Powerhouse oﬁtﬂow, and
forebay water level fluctuations), and not ambieﬁt meteorologicél conditions. The 2002

data indicates that the difference between BD1 and NF5 temperatures during the June
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 through September period rariged from 0.6 to. 3.0°C, and averaged 1.6°C. In all cases,
" BDI ‘was warmer than NF5. This dafé indieates that to some degree cool water and warm
water are segregating as flows ceme into t'h:e forebay. This segregation is contined
downstream as the coolef water from the foreb"ay is released to the Belden Reach through
Oak—ﬂaf Powerhouse, and the warmer water is transported to Reek Creek Reservoir via

Belden Powerhouse.

As diseussed, temperatures at Belden Powerhouse (BD2) are, essentially the same as
those measured in Belden Forebay at BD1 and primariiy reflect the temperature of Butt
Valley Resetvoir water’ as released by the Cariboﬁ powerhouses, with some minor
modification due to mixing and heat exchaﬂge in Belden Forebay. Water tempetatures at
Belden Powerhouse were monitored at an internal location due to the configuration of the
tailrace at this facility. Water temperamre data were then ptoceseed to remove data from
periods when the powerhouse was not operétiﬂg and water. witﬁin the penstoek was static -
and no discharge to the NFFR was being r'nade. During the 2092 pfograrn, daily average
terr/xperatures at station BD2 fanged from _17.-7 to 22.6 °C, and*a;\;eraged 20.2°C. The diel
fluctuation in temperature ranged from 0.2 to 1.9°C, and averaged 0.5°C in 2002. The
maximum hourly average temperature recorded .at this stati(')n“‘dﬁl"ing the 2002 monitoring
program was 22.8°C on July3 29, 2002.(Apee;1dix A). The dally average temperatures at -
station BD2 exceeded 20°C on 68 of 97 operational days (70%) during the 2002 June
through September period. - Figure 3-16 compares the daily average temperatures at the

four stations associated with the Caribou Powerhouse-Belden Forebay complex in 2002.

3-48
.@ 2003, Pacific Gas and Electric Company



Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

1:-131.63.2.1.6 Belden Reach of the NFFR and tributaries

Water temperatures were recbrded in the NFFR downstream of Belden Dam (NFS)
throughout the 2002 sampling seasons. This station represents initial conditions in the
Belden Reach and vcorresponds with the location of th’c_a permanent flow monitoring
station (NF-70). ‘During the 2002 prbgram, daily average temperatures at station NFS
ranged from 15.9 to 21.2‘-’C, and averaged 19.1°C. The diel fluctuation in temperature
ranged from.0.2 to 2.8°C, and averaged 0.7°C in 2002. The maximum hoﬁrly aver;ige .
temperature recorded at this station during the 2002 mpnitoﬂng program was 21.5°C
August'1, 2002 (Appe;ldix A). The daily average temperatures at station NFS exceeded

20°C on 44 of 122 days (36%) during the 2002 June through September period.

Water temperatures were recorded in Mosquito Creek near its confluence with the NFFR
(MC1). Temperatures were comparatively cool with a relatively stable flow regime
suggesting a stroﬁg groundwater supply during non-runoff periods. Mosqui.tb Creek
provides a cooling influence in the Belden Reach. ‘During the 2002 program, daily
average témperatures at station MC1 ranged from 11.3to 15.6°C, and averaged 13.5°C. |
The diel ﬂucfuafion in temperature ranged frdm 1.0 to 2.4°C, and averaged 1.8°C in
2002. The maximum houriy aver.age‘ temperature recorded at this station during the 2002

monitbring program was 16.7°C July 21, 2002 (Appendix A). .The daily average
'temperatufes at sfaﬁon MC1 did not exceed 20°C during the 2002 June thfough

September period (Table 3-5).
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- The station located near the Queen Lily Campground (NF6) represents conditions in the
'middle‘secrion of the Belden Reach and deﬁnes conditions do§vnstream of the largest
tributary in the reach. During the 2002 program, daily average temperatures at 'statior1
- NF6 ranged from 15.7 to 21.1°C, and averaged 18_.‘7°C._ " The diel fluctuation in
temperature ranged from 2.2: to 4.7°C, -and averaged 3.2°C in 2002. The maximum
hourly averarge temperature recorded at this station during the 2002 monitoring program
- was 22.9°C orr Auguet 1, 2002 (Appendix:A). The daily'averggfe temperatures at station
NF6 exceeded 20°C on 32 of 122 darys (26%) during the 2062'June through September
period. : | -

o
"

Station NF7 represents conditions in the NFFR at the end of the ﬁpper Belden Reach.

This station is also upstrearrr of the confluence with the EBNFFR. Dﬁring the 2002
. o ) | ' '

program, - daily average 'tempferatures at station NF7 ranged ;fr'o'm 16.1 to 21.3°C, and

.averaged 18.8°C. The diel .ﬂuctuatiOn in temperature ranged from 2.6 to 6.0°C, and

averaged 4.6°C in 2002. The maximum hourly average temperature recorded at this
station’ during the 2002 monitoring program was 24.0°C Julfy"14, 2002 (Appendix A).
The daily average temperatures at station NF7 exceeded 20°C on 33 of 122 days (27%)

during the 2002 June throughﬁ September period.

The total change in daily arverage temperature in the upper Beldeh Reach was measured

as the difference between the NFFR at the confluence with the EBNFFR (NF7) and

below Belden Dam (NF5). The change in temperature between stations NF5 and NF7
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was evaluated for the period June-September. The total daily average terhperature at NF7
averaged 0.3°C cooler in 2002 than at NF5. These values calculate to a 0.05°C per mile

decrease in temperature in the upper Belden Reach. Figure 3-17 compares the daily

average témperatures at the four stations located in the upper Belden Reach in 2002.

The temperature sta‘tioﬁ in the NFFR immédiately upstream of Yellow Creek (NF8), was
located immediately upstfeam of the Belden Town bridge.v Thjs station is apbroximately
1.75 miles downstream of the confluence of the EBNFFR with the NFFR. Temperatures
at this location were warmer than tho;e measﬁed inAthe NFFR upstream of the EBNFFR
(NF7), but cooler than in the EBNFFR. This station represents conditions in the NFFR at
the end of the Belden bypass reach. During the 2002 program, daily average

| temperatures at-station NF8 ranged from 16.1 to 22.§°C, .a;nd averaged 19.9°C. The diel

| fluctuation in temperature fanged from 2.2 to 5.3°C, and averaged 4.3°C in 2002. The
maximum hourly average témperature recorded at this station during the 2002 monitoring
program was 25.2°C on July 14, 2002 (Appendix A). The daily average temperatures at

station NF8 exceeded. 20°C on 65 of 122 days (53%) during the 2002 June through

September period.

§

. The daily average change in témp_erature in the NFFR between the NFFR at the
confluence with the EBNFFR (NF7) and Belden Town Bridge (NF8) was evaluated fof

the period June-September. The daily average temperatures at NF8 in 2002 averaged

'1.1°C warmer than at' NF7. These values calculate to a 0.6 per mile increase in
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temperature in this section of the NFFR. This increase is attributable to conditions that
. | ! S :

exist in the EBNFFR.

| Tempefatures were recorded in the EBNFFR upstream of thé :céqﬂuence with the NFFR
(EB1) during the 2002 sampling season. Dﬁriné tile 2002 1program, daily average
temperatures at station EB»l‘ranged from 15.9 to 25.5°C, andv averaged 2'1..1°C. The diel
ﬂuctﬁation in témperature ranged from 1.1 t;o‘ 4.6°C, and aver‘a::g;e‘d 2.8°C in 2002. The
‘ fnaximumhourly average témperature recorded at this station during thé 2002 monitoring
program was 26.5°C on July }4, 2002 (Apy‘)qndixl A). This was the high.est daily average
temperature recorderi during the 2002 n‘ylpnitor'ing‘ prograiifx. The d;;tily average

temperatures at station EB1 exceeded 20°C on 85 of 122 days (70 %) during the 2002

June through September period.

Temperatures were monitored in Yellow Creek (YCI) 0.5 mile upstream of its ~
conﬂuence with the NFFR' giun'ng the 2(-)0"2‘ sampling season.: This statio,n represents
conditions at the mouth of Yellow Creek upstream of the confluence with the NFFR.
During the 2002 program, daily éverage temperatures at statioh YCl1 ranged from 11.8 to
18.6°C, and averéged 15.2°C. The diel ﬂgétuation in ,tempéliatufe ranged from 0.8 to
3.8°C, 'and avefaged 2.6°C in 2002. The maximum hémly ‘av:erage temperature recorded
at this station during the 2002 monitoring program was 20.1°C on July 14, 2002

(Appendix A). The daily szerage tempeijatufes at statiori YC1 did not exceed 20°C
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during the June through September period in 2002 (Table 3-5). Figure 3-18 compares the

daily average temperatures from several stations in the lower Belden Reach.

Temperatures were monitored in Chips Creek (CHIP) 0.2 mile upstream of its <':onﬂuenc'e
with the NFFR (Rock Creek Reservoir) during the 2002 sampling season. Chips Creék
discharges directly into Rock Creek Reservoir. ‘During the 2002 program, daily average
temperaturés at station CHIP ranged from 10.6 to 17.9°C, and averaged i5.0°C (Figure 3-‘
20). The diel fluctuation in temperature rﬁnged_ﬁom 1.8 to 5.8°C, and éveraged 4.6°C in
2002. The maximm hourly average ter.r'lperature'recorded at this station during the‘ 2002
monitoring program.wés 21.0°C on Jﬁly 14,‘ 2002 (Appendix A). The daily average
temperatures at station CHIP did not exceed 20°C during the June through September

period in 2002 (Table 3-5).

11.1:73.2.1.7 Rock Creek Reach of the NFFR and tributaries

The first temperature station in the NFFR downstream of Rock Creek Dam (NF9) is
located immediately below the dam. This station was not installed in 2002; the station

located downstream at the NF-57 gage is representative of conditions at this site.

The temperature station in the NFFR downstream of Rock Creek Dam (NF 10) was
located near the NF-57 gaging station. This station is approximately 1.5 miles
downstream: of the dam. During the 2002 program, daily average temperatures at station

NF10 ranged from 17.6 to 22.5.°C, and averaged 20.5°C. The diel fluctuation in
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temperature ranged from 0.3 to 3.7°C, and averaged' 1.5°C 1n 2602. The maximum
' houﬂy average temperature récorded at this station during tlte 2002 vrn'onitoring program
" was 23.4°C on. July 31, 2002 (Appendix A). The daily average, temperatures at station
NF]O exceeded 20°C on 70 of 97 .days (72%) durtng the "20’02' June through Septernber
peﬁod. Figure 3-19 compares the 2002 daily average temperatures from NF10 with four

|

other river stations located in the Rock Creek Reach.

A telemetry system was installed at the NF-57 gage station to enable real-time
monitoring of temperatﬁres in the Rock Creek Reach. The performance of this station

was compared with the in situ recorder is presented in Section 3.2.2.4.

Temperatures were monitored in Milk Ranch Creek (MR1) 0.25 mile upstream of its
confluence with the NFFR during the 2002 sampling season, This station represents |

conditions at the mouth upstream of the influence from the NFFR. During the 2002

program, daily average temperatures at station MR1 rangetl ;frotn 10.6 to 17.9 °C, and.
'averaged -14.5°Cl Tﬁe diellﬂuctuation in temperatute ran'ge(i from 1.5 to 5.5°C, and
averaged 4.0°C in 2002. ’fhe maximum hourly aQerege ‘temperature recorded at thts
station during the 2002 monitoring progrem' was 20.4°C on July 21, 2002 (Appendix A).
The daily averége temj)eratures at station MR1 did not exceed 20°C during the .tune
through September period in 2002 (Table 3—5).-‘ Figute 3-20 compares 2002 daily average
tentpetatures from MRI with other stations tributary to the -NFFR in t}te Reck Creek

Reach.
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Temperatures were monitored in Chambers Creek (CHAM) 0.2 mile upsﬁem of its
confluence with tﬁe NFFR during tﬁe 2002 éampiing season. This station represents
conditions near the mouth upstream of ahy influence from the NFFR. During the 2002
program, daily average temperatures at station CHAM ranged from 9.0 to 18;8°C, and
‘averaged 15.0°C. Thé diel fluctuation in temperature ;anged from 1.8 to 6.3°C, and
. averaged 4.7°C in 2002. Figure 3-20 compares 2002 daily averagé temperatures from
CHAM with other stations fributary to the NFFR in the Rock Creék Reach. The
maximum hourly average temperature recorded at this station during thé 2002 monitoring
‘program was 21.4°C én July 21, 2002 (Appendix A). The daily average ternperatﬁres at
station CHAM did not exceed 20°C during the June through September period in 2602

(Table 3-5).

The station located on the NFFR below Granite Creek (NF 11) represents condifion's in
the middle section of the Rock Creek Reach and defines conditions downstream of
- . several tributaries. Duﬁng the 2002 program, daily average temperatures at station NF11
ranged from 16.0 to 22.8‘"C, and averaged 20.0°C. The diel fluctuation in temperature:
ranged from 1.5 to 5.1°C, and averaged 3.3°C in 2002. Figure 3-19 compares the 2002
daily averageAtemper_atures from NF11.with four other river stations located in theRoci;
Creek Reach. The rﬁaxifnum hourly average temperature recorded at this station during

* the 2002 monitoring program was 24.3°C on July 14, 2002 (Appendix A). The daily
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average temperatures at station NF11 exceeded 20°C on 70 of 122 days (57%) during the

2002 June through September period.

'~ Temperatures were monitored- in Jackass Creek (JKC1) 0.2 milé upstream of its
confluence with Fhe NFFR during thé 2002 sampling season. This station represents
conditions neér the mouth upistream of aﬁy influence from thé NI“FR During the 2002
. program, daily average tempbrannes at s'tat;icf)n‘JKCl range'dj from 9.6 to.‘ 18.9°C,.and
| averaged 15.3°C. The diel hucmation in t'emperéture ranged' from 14 to 6.4°C, and
' averaged 4.2°C in 2002. Figure ‘3-20 co;npates 2002 dgily average temperatures frd‘m
JKC1 with other stations trjbutary to the NFFR in the Rock Creek Reach. The rn.aximum
hourly average temperature recorded at this station during the 2002‘m0nitoring program
was 21.2°C on. July 21, 2002 (Al;pendix A). The daily avérage temperatures af station
JKC1 did not exceed 20°C during fhe June through Sei)tember period in 2002 (Table 3-

5).

The NFFR station located uﬁstream of the ‘Bucl‘.:s Creek confluence (NF12) represents
conditions at the end of the TRoc_k Creek Reach and defines ‘cjonditions prior to inflow
from Bucks Creek and Bucks Creek Powerhouse. During the 2002 pr;)grarn; daily
average temperatures at station NF12 ranged from 15.9 to 22.9°C, and averaged 20.0°C.
Figure 3-19 compares the 2002 daily average temperatures from NF12 with' folur other
river stations located in thel Rock Creek Reach. The diel ﬂuctuation in temperafure

ranged from 1.3 to '5.2°C, and averaged 3.0°C in 2002. The fnaximum hourly average
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temperature recorded at this station dufing the 2002 monitoring program was 24.0°C on
July 14, 2002 (Appendix A). The daily average temperatures at station NF12 exceeded

20°C on 69 of 122 days (57%) during the 2002'June through September period.

Terﬁperatures were monitored in Bucks Creek (BUCK1) 0.10 miies upstream of its
confluence with th¢ NFFR during the 2002 sampling season. During the 2002 program,
daily average temperatures at station BUCKl ré.nged from 12.0 to 20.4°C, and a\‘/eraged
16.4°C. The diel fluctuation in temperature ranged ﬁom 1.6 to 7.2°C, and averaged
5.0°C in 2002. Figure 3'-20 cc.)mpares 2002 daily average températures from BUCKI1
with other stations. tributary to the NFFR in the Rock Creek Reach. The maximum
hourly average terﬁperature recorded at this stgtion during the 2002 monitoﬁﬁg program
was 23.5°C on July 11, 2002 (Appendix A). The daily average femperatures at station
BUCK1 exceeded 20°C on 2 days (2%) during the 122 day June through September

\

period in 2002 (Table 3-5).

Temperaturés at Bucks Powerhouse (BUCK2) are essentially the same as those present‘ in
Lower Eucks Creek Reservoir. Water temperatures at Bucks querhouse were
monitored ét an internal location due to the configuration of the tailrace at this facility.
Water temperature data were then processed to remove data from periods when the
powerhouse was not operating and water‘ within the penstock was static and no discharge
to fhe NFFR was being made. During the 2002 program, daily average temperétures ét

station BUCK2 ranged from 12.6 to 18.9'°C, and averaged 14.9°C. The diel fluctuation in
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temperature ranged from 0.0 to 4.5°C, and- averaged 1.2°C 'in 2002. Figure 3-20
.compares 2002 daily average temperatures from BUCKZ vvith‘other stations tributary to
the NFFR in.the Rock Creek Reach. The maximum hourly average temperature recorded R
at this station during the 2002 monitoring program was éi).O°C on July 1, 2002 -

(Appendix A). The daily‘aver’age temperatures at station BUCK2 did not exceed 20°C

during the 2002 June through September period. | i

1

- The NFFR station located upstream of Rock Creek Powerhouse (NF 13) represents
conditions at the end of the Rock Creek Reach and defines conditions prior in receiving
diversion flow from Rock Creck Powerhouse. Durlng the 2002 'program, da11y average

. temperatures at station NF13 ranged from 15 0to 22. 8°C and averaged 18.7°C. The diel
fluctuation in temperature ranged from 1.7 to 5.3°C, and averaged 3.2°C in 2002. Figure
3-19 compares the 2002 daily average temperatures from. NF13 with four other river
stations located in the Rock Creek Reach., The maximum hourly average temperature
recordedat this station during the 2002 monitoring program wja's 24.1°C on July 14, 2002

'(Appendlx A) The daily average temperatures at station NF13 exceeded 20°C on 42 of

- 122 days (34%) during the 2002 June through September perlod

The daily average change i in temperature in the Rock Creek Reach (NFFR between Rock
| - Creek Dam [NF10] and above Rock Creek Powerhouse [NF13]) was evaluated for the
period June 26 through September. The daily average temperature at NF13 averaged

’1.7°C. cooler in 2002 than NF10. This value calculat;es‘ to a cooling trend of
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approximately 0.2°C per mile in this section of the Rock Creek Reach. This change is

largely due to the contribution from Bucks Creek and Bucks Creek Powerhouse.

Temperatures at Rock Creék Powefhouse'(RCI) ére essentially the same as fhose present
~in Rock Creek Reservoir. Water tempefatures at Rock Creek Powerhouse were
monitored at an internal location due to the configuration of the.tailrace at this facility. .
Water temperatufe data were then processed to remove data from periods when the
pqwerhouse was not operating and water within the penstock was static and flo discharge
to the NFFR was being made. ' Dﬁring the 2002 program, daily average temperatures at
Station RC1 ranged from 16.1 to 22.6°C, and averaged 20;2°C. -The diel fluctuation in
temperature ranged from 0.2 to 1.8°C, and averaged 0.9°C in 2002. Figure 3-19
compares the 2002 daily average téfnpe,ratures fr;)m RC2 with fouf éther river stations
ioc_ated in the Rock Creek Reaph. The maximum hourly average temperature recorded at
this station during the 2002 monitoring program \%vas 22.8°C on July 31, 2002 (Appendix
~A). The daily’ averageA temperétures at station RC1 exceeded 20°C on 72 of 122

operational days (59%) during the 2002 June through September period.

- 1:1:1:83.2.1.8 Cresta Reach of the NFFR and tributaries

Temperatures were monitored in Rock Creek (RC2) 0.2 mile upstream of its confluence
with the NFFR during the 2002 sampling season. Rock Creek discharges directly into
Cresta Reservoir approximately 0.75 milesb downstream of Rock Creek Powerhouse.

During the 2002 program, daily average ternplera’ture's at station RC2 ranged from 11.4 to
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19.7°C, and averaged‘ 16.2°C (Figure 3-22). The diel fluctuation in térnperéture ranged
from 0.4 to 3.6°C, and averaged 1.9°C in 2002. The max1mum hourly average
temperatur‘e r¢corded at this staﬁon during the 2002 monitoringfprbgram was 20.7°C on
July 31, 2002 (Appendix A). The daily aVeravge temperatures at station RC2.did not

exceed 20°C during the June through September period in 2002 (Table 3-5). -

The first temperature station in the NFFR downstream of Crest;ﬁ Dam (NF14) was located
upstream of the confluence Qith Grizzly Creek. This station is approximately 0.4 miles
downstream of .the dam. During the 2002 jprogram,'daily averége temperatures at station
' NF14 ranged from 16.2 to 22.2°C, and averaged 19.7°C. - The ‘dicl» fluctuation in
temperature ranged frbm 0.3 to 1.6°C, and averagéd 1.0°C.in 2002. The maximum
hourly .average temperature recorded at this station during the 2002 monitoring program
was 22.8°C on July 15, 2002 (Appendix A).5 The daily average ‘temperatureé at station
NF14 exceeded 20°C on 66 of 122 days (54%) during the 2002 June through 'Séptember
period. Figure 3-21 cémparés the 2002 daily average tembere;.tures at NF14 with three

other river stations located in the Cresta Reach.

Temperatures were '_monitolred' in Grizzly Creek (GR1). 0.5 mile upstream of its
conﬂti‘enpe with the NFFR during .the‘ 2002 sampling season. : During the 2002 program,
déily average témperatures at station GR1 ranged from: »1_2.7 to 20.8°C, and averaged
: 17.1°C.‘ The diel fluctuation in temperatﬁre ranged from 0.8 to\.4_.4°C, and averaged

'3.1°C in 2002. The maximum hourly averége temperature recorded at this station during
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the 2002 monitoring program was 22.7°C on July 14, 2002 (Appendix A). The daily
average temperatures at station GR1 exceeded 20°C on 11 of 122 days (9%) during the

June through Sepfember period in 2002 (Table 3-5). Figure 3-22 compares daily average
temperatures from GR1 with another station tributary to the NFFR .in the Cresta Reach in

2002.

" The temperature station in the NFFR downstream of Grizzly Creek (NF 15) was located .
ﬁear the NF-56 gaging station. This station is approximately 2.5 miles downstream of the

dam. During the 2002 program, daily average temperatures at station Nl*;IS ranged from

16.2 to 22.1°C, and averaged 19.7°C. The diel fluctuation in tempereture ranged from ,'
0.9 to 3.2°C, and averaged 2.4°C in 2002. Figure 3-21 compares the 2002 daily everage
femperafures at NF15 with three other river stations located in the Cresta Reach. The
’ maximufn hourly average temperature recorded at this station during the 2002 monitoring
program was 23.5°C on July 15, 2002 (Appendix A). .‘The daily average temperatures at
‘ Statien NF15 exceeded 20°C on 66 of 122 days (54%) during the 2002 June through

September period.

A telemetry system was installed at the NF-56 gage station to enable real-time
monitoring of temperatures in the Cresta Reach. The performance of this station was

. compared with the in-situ recorder is presented in Section 3.2.2.4.
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The NFFR station loc;ated upstream of Cresta Powerhouse (NF i6) represents conditioﬁs
at the end of the Creéta Reach and deﬁnesvcoﬁditions prior in receiving diversion flow
from Cresta Powerhouse. Durlng the 2002 program, daily aveféigé temperatures at station
NF16 ranéed from 16.4 to 22.6°C, and averaged 19.9°C;‘ The diel fluctuation in
temperature ranged from 10 to 3.7°C, and averaged 2.6°C‘ in 2002', Figuré 3-21
compares the 2002 daily avefage temperatures at NF16 with three other river stations
located in the Cresta Reach. The ﬁiaximum hourly average temperature recorded at this
station during the 2002 monitlofing p'rogram was 23.9°C on July 14, 2002 (Appendix'A).
The daily average tempefatur?s at statipn NF16 exceeded 20°C on 69 of 122 days (57%)

during the 2002 June through September period.

The daily average change 1n temperature in the Cresta Reaéh (NFFR between Cresta
Dam [NF14] andlabov‘e Cresta Powérhouse[NF16]) wz;s evéI!Qated for the peribd June--
. September. The daily averagé tcmﬁeratur_e at NF16 averaged Q.2°C warmer in 2002 than
.NF14. This value calculates to a warming trend of less than 0.05°C per mile in this

section of the Cresta Reach.

Tempefatures at Cresta Powerhouse (CR1) are essentially the same as those present in
Cresta Reservoir. Water temperatures at Cresta Powerhouse were monitored at an
internal location due to the configuration of the tailrace at this facility. Water

temperature data were then processed to remove data from periods when the powerhouse

was not operating and water within the penstock was static and no discharge to the NFFR
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N
i

‘was being made. During the 2002 program, daily average temperatures at station CR1
~ ranged from 16.3 to 22.5°C, and averaged 19.9°C. The diel fluctuation in temperature
ranged from 0.1 to 1.8°C, and averaged 0.8°C in 2002. Figure 3-21 comparesthe 2002
daily average temperatures at CR1 with three other river stations located in the Creeta
'R'each. The maximum hourly average temperattlre recorded at this station -.during the
2002 monitoring program was 22.8°C on July 15, 2002 (Appendix A). The daily average
temperatures at statiorl CR1 exceeded 20°C on 71 of 121 operatiorlal days (59%) during

the 2002 June through September period.

11:1:93.2.1.9 Middle Fork Feather River

The Licensee collected temperature data in 2002 froma station in the Middle Fork of the
Feather River (at Milsap.Bar). This data were collected in order to compare temperature
cenditions in the NFFR with those in the lower portiqn of the unregulated MFFR. During
the 2002 program, daily average temperatures from the Middle Fork' of the Feather River
at Milsap Bar (MB1) ranged from 15.2 to 23.3°C, and averaged 19.4°C. The diel
fluctuation in temperature ranged from 1.4 to 3..7.°C, and averaged 2.6°C in 2002. Figure
3-23 compares the 2002 daily average temperatures at MB1 with river stations located in.
the Rock Creek and Cresta reaches of the NFFR. The maximum hourly average
temperature recorded at this station duririg the 2002 monitoring program was 25.3°C on
July 14, 2002-(Appendix A). The daily average temperatures at station MBI exeeeded

20°C on 53 of 118 days (45%) during the 2002 June through September period.
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As indicated in Figure 3-23,. temperatures in the NFFR were, simjlar ih value and trend to
measured temperatures in thé Middle Fork. at Milsap Bar thr(;ﬁgh late August. From late
August through Séptember NFFR tempefatures_ were simila& in Value and trend to those
observed in the East Branéh NFFR.  Temperatures m .the East Branch NFFR
(1lmregulated) were warmer than thoselin the Middle Fork durlng the entire monitoring
period. All stations exceedeél the 20°C level from late June t?hroﬁgh early. September

2002.

C1123.2.2 Special Investigations
This section presents the results of various special field tests and data analyses conducted
on the 2002 data. These tests and evaluations were conducted in response to specific

requests by the ERC or implemented by the Licensee to imptove monitoring methods.

113-13.2.2.1 Evaluation of Sensor Placement in Caribou No. 2 Intake

In order to verify the accuracy of temperatures ;ecorded by tllle sensor installed in the
' Caribou No.2 Penstock (CARBZA), a backup reéorder was placed at the bottom of the
CariBoﬁ No.Z Intake channel ’(CARBZB). Data from both statiqéns were compared for the
period June through September. In order to facilitate daga comparison,  both were
proce.ssed to correct for powerhouse operation. Bolth data setEs were compared with data
from the near surface recorder located in Bﬁtt’ Valley Rese&&ir (BV2-S). Figure 3-24
compares daily average t‘emp.eratures from”‘tllle‘se fﬁree statiogé gssociatéd with Caribou

No. 2 Intake.
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The recofder on the bottom of the intake ehannel (CARB2B) had a daily rlnean
temperature that ranged from 0.4°C warmer to 1.1°C cooler than the pehstock recorder.
In genefal, the channel recorder femperatures were consistently'vlower thé.n both the
peI;stock recorder (CARB2A) and the near surface recordef placed in Butt Valley
. Reservoir (BV2-S). In addition, the channel recorder did not follow the temporal pattern

of temperature as defined by the reservoir surface recorder.

This variability was prebably related to the physical characteristics of the channel and the
ultimate pla.c‘emem of the recorder. The recorder was elaced at a fixed depth (on or near
bottom) on the north side of the intake stfucture. D‘epending on lake elevation, and
powerhouse flow this area can be exposed' to backwater conditions of various magnitude.
Hewever, the data indicate that the two recorders agree relatively well and during periods
ef consistent powerhouse operation there was little temperature differential. For the June
thfough September period, the average difference between the pensfock recorder and the

channel recorder was +0.4°C. This is within the realm of combined recorder error.

Based on this information and data i)resented 1in Section 3.2.2.2, data from the penstock
recorder are considered superior to the channel recorder as long as the flow-through-
system that connects the sensor .to the penstock remains functional. There were no

problems with this system in 2002.
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$:1:1.23.2.2.2 Butt Valley Reservoir Thermal Structure near Caribou No.2 Intake
Channel | -

In an attempt to further define the withdraWalvdynamics associated with the Caribou No.2
| Intake, the Licénsee collécted data from two special profile js’lcatio'ns located near the
mouth of the intake channel. The ﬁfst location (BV-P4A) was located in Butt Valley -
Reservoir approximateiy 50 meters from the mouth of the intake channel. Profiles were
collected from this location in June, July, August, and Octqber. Tﬁe second profile
station (BV-P4B) was located in Butt Valley Reservoir at _’tlhe mouth oi' the intaké_
channel. Profiles were collected only in August and October ﬂ‘Qm this location, Since
October conditions were strongly isothermal, o.nly profiles from June through August
-were used as part of this evaluation. Figure 3;25‘ conipare; monthly temperatufe data
from the specialbproﬁle stations with thqse from BV-P1. As indicated by the data - |

presented in Figure 3-25, the thermal structure associated with the Caribou No. 2 Intake

channel is essentially identical to that observed at BV-P1.

| All profiles were icollected bétween 0900 éﬁd 1030. Asa résult,l ’;he élevated near surface

temperatures associafed with warm afternoon conditions were !rx;)t captured. Conditions
' O .

in the Caribou No. 2 pensiock and to a lesser degree the intake channel are also

influenced by the magnitude ‘and consistgncy of flow through Céribou No. 2 Powerhouse.

At the time the June proﬁl‘e was‘ collected, the Caribou No. 2° Powerhouse waé not

operating. CariBou No. 2 Powerhouse héd bcen qperational for épproximately one hour |

at the time of the July profile, and for four hours at the time of the August profiling effort.

Table 3-6 compares data from special profile stations with temperature data from the
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Table 3-6

'Summa‘ry of profile data from select stations in Butt Valley Reservoir.

Profile Temperatures

Caribou No.2 Release

Hourly Average (hour)
Profile . Profile BV-P1 BV-P4A BV-P4B Penstock Channel
Date Time Average'  Average’ | Average' Average’ | Average' Average’ | CARB2A CARB2B Powerhouse Operation
62612002 9:30 209 216 209 216 20600 216y on ol T not P X
792002 10:02 223 2.8 25 238 — — 228(100) 224 (1100) g:;‘rbg’:fgg';‘o“‘mmﬁle g for ~one
8/21/2002  '10:18 22.0 220 20 22.0 20 22.0 2200100 217 a100) C2ribou No.2 running for ~four

hours before profile.

1. Profile temperatures averaged from surface to 4,110 ft elevation (USG datum).

2. Profile temperatures averaged from surface to 4,115 ft elevation (USG datum).’

4,110 fi. is the bottom elevation of the intake.channel entrance.
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. CARB2 and CARB2B data recorders. As inqicated by t-his data, "the agreement bétween
the synoptic; profiles and data from CARB2 loéatéd ip the peﬁSt:obk is very good during
‘pe-riods of powerhouse operation. The data also indicates that the effective withdrawal
depth associated with the Caribou N'o_. 2 Intake is t”rom théls,urface to 4,115 ft (USGS

datum)..

%33.2.2.3 'Performa‘nce of telemetry stations
Real-tirﬁg temperature (telem;tfy) systems were installed in the ééging stations located at
NF-56 and NF-57. Températures were meﬁsured' at 30;minute intervals and stored
locally on a data logger as well as being trans,nllitted through SCADA to the Rock Creek
and Caribou PoWerhouse-'Swijtching Ceﬁters. The ternperaturi:jdata weré processed fér
the daily average value, mid-night to mid-night, and if temperature levgls exceeded 20°C
on two consecutive days, a Signal alerted operatdrs' and the temperature condition was
reported to ERC and FS pérsonal. ‘An appropriate course of action was then developed in

_order to try and maintain daily average temperatures below 20°C at NF-56 and/or NF-57.

In order to evaluate the perfoi‘ménce of the two éelemétry stafic;ﬂ s‘énsors, data from the
in-situ recorders installed at the telemetry ‘location were used to document performance.
Figure 3-28A compares daily aiferage'temperatures from statiqn NF-56.: The evaluation
of telemetry data from the ~NF-56 station .indicated 'that th.ef,_.a'verage difference was
0.10°C, with a maximum absolute difference of 0.21°C. Th1;s level of discrepancy is well

within the margin of combined instrument error. Figure 3-28B compares daily average
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temperatures from station NF-57. The evaluation of data from the NF-57 station
i.ndicatedlfhat the average difference was 0.12°C, with a maximum absolute difference of
0.69°C. This drift at NF 57 was observed during one of the periodic performance tests.
Periodic performance tests were coﬁducted at ¢ach station using kﬁown température bath
datla on April 15, May 16 and October 28 of 2002. Test results indicated all telemetered
remote temperature unit were within the speciﬁed accuracy (less than 0.1°C) at all times,

, excepf NF 57, which showed a drift of 0.72°C in the October 28 test.

Another stipulation of the FERC 4C Coﬂdition was that, “Temperatures at NF57 and at
NF56 are to be rrionitored and» telemetered, ffom June 1 through October 31, for the term
of the Project License”. If temperatures from the telemetered stations demonstrate that
mean daily water temperatures regularly exceed 20°C in October, the .entire monitoﬁng
program will be expanded to include October”. Tﬁis stipulation was incorporated into the

monitoring program presented in the Water Temperature Monito'ring Plan.

The telemetered stations were cohtinuously dperatéd through October 2002. Daily
average temperatures at NF-56 ranged from 11.3-16.0°C, and from 11.4-16.4°C at NF-

- 57 during October 2002.

3:1:33.2.3 _ Evaluation of Controllable and Non-controllable Conditions
This section will discuss tests conducted to determine the effect of various controllable
mitigation options that may have the potential to reduce water temperatures below the

20°C level. As part of the 4C requirements, the Licensee was to determine the effect
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controllable factors (ﬂ'ow releases, intake configuration, releasé 1ocatibns) would have on
temperature control in the projeét area, as well as the effect of non-cdptrollablé factors
(e.g. solar radiation, lack of shading, tributary inflow, powerhouse return flow).

i
o

+31:-1:13.2.3.1 Temperature mitigation tésting at Caribou complex powerhouses

Butt Valley Reservoir is a'ldng; narrow Water body of mOdéféte depth. The reservoir
receives inflows from Butt Creek and Butt Valley Powerhouse. Butt Valley Powerhouse
has an annual average ﬂow’of 1,600 cfs and represents more tha'n 95% of the tofal inflow
to the reser\}oir. Butt Creek is the largest of the natural inflow sources, with summer
ﬂ_ows ;arigihg from 40-56 cfé (Table 3-1). Exclusive of spill,‘ eivénts, outflow from Butt
Valley Reservoir is through the Caribou No. l_an& Caribou No. 2 powerhouses. Caribou
No.1 has dcapécity of 1,‘100J cfs and is oldér and less efﬁcielﬁt unit than Caribou No. 2,

which has a flow capacity of 1,400 cfs. Because of this difference in‘efﬁciency and

operational reliability, Caribou No. 2 is the Licensee’s preferred operational unit.

Caribou No. 2 Intaké is lécated in a shallow cove; as a result water withdrawals are
festricted to the upper layers of Butt Valley Reservoir by the c:&vé’s eﬁtrance elevatioh of -
4,110 ft. (USGS datum). Caribou No.1 is.locate.d in the deepest portidn of the reservoir
and can acéess watér from tl;e surface to 4,095 ft. (USGS dafu}ﬁ). Several_ years of data
(1985-1986, 2000-2002) have shc;wh that cooler water is presenf in the de‘eper portion of
the reservoir (Sectioﬁ 3.2.1.é for 2002 data). The expectatiofn;t‘hat this cold water could

‘be used to mitigate temperatures in the Rock Creek and Cresta reaches has been
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suggested in the past and was revisited by the ERC as a possible method of achieving the

B 20°C temperature level in the NFFR downstream.

The thermal characteristics of Butt | V.-alley Reservoir must be identiﬁed' before
determining- the mitigating effect of alternate operational .regirhes at the Caribou
Powerhouse complex. Figure 3-26 displays mean daily temperaturés frbm the thrée
stations associated with conditioﬁs in Butt Valley Reservoir for the period June 1 through
September 30, 2002. Average daily flow at Caribou Né.} and Caribou No. 2 are included
to illustrate the effect of operation on te’rﬁpe_rature. As indicated by this figure, cooler
water was present in the hypolimnion of the reservoir and persisted through June 2002.
As part of the normal operational regime, Ca.riboﬁ‘ No.1 had nét been significantly
utilized prior to J uly: As soon as use of Caribou No.1 was begun (July 3, 2002) there was
a noticeable upWard shift in the temperature of th’e hypolimnion. The upward trend
continued as Caribou No.l was operated for the feméinder .of the summer. By late
August, the reservoir was es‘sentially isothermal. These sAaIﬁe thermal characteﬁéticé are

observed in the monthly synoptic profiles previously presented in Figure 3-11.

The thermal regime present in Butt Valley Reservoir develops in a relatively sirhple
manner. In general, the areas in Butt Valley Reservoir with depths greater than 36 feet
are isolated from the effects of short wave solar radiétion and surface turbulence. As
warmerlambient conditions develop, the cold water present in the deeper portions of the
reservoir is preserved. The warmer upper layeré of the reservoir are actively maintained

as inflows from Butt Valley Powerhouse are matched to outflows from Caribou No.2.
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. Under the current operational ‘.;regime, Carill)ou‘ No’. 1is typically not used until late June
or early July. As a result the pool of cool water is left untapped until this period. As
soon as Caribou No.l begins opefating, thié 'volume-of cool Water is rapidly depleted
(Figure 3-26). The infiuence of any qold water iﬂﬂows frofh Butt éreek are negated
through mixing with inflows ‘from Butt Valiey Powerhouse or With the warmer surfac.e
layers in the shallow upper reaches of Butt Valley Reservoir.‘ As the volume of stored
cool. Wate’r is released through Caribou No.1, texﬁperatures in the hypolifnnion rapidly
warm to tempefatures that are similar to those oBéerved entering tﬁe feséwoir_ through
Bﬁtt Valley Powerhouse (B\{:l) (Figure‘ 3-26). This patte‘rn' ﬁas been observed during

previous monitoring efforts in 2000-2001 (Pacific Gas and Electric Company, 2002).

| As discussed, the operation ‘of Caribou No. 1 can provide §(;me mitigating'éffect on
downstream terripe‘ratures for as long as the jpool of cool watel; is present. By examining
the access of each intake ;trucmre to B\:itt Valley‘ Reseryoir, the yolume of water
| avéila‘b_leéxclusivély to the Caribou No.1 Intake c'an‘be deteqninéd. The Caﬁbou No. 2
Int.ake is located in a shallow cove with an entrance elevation of 4,110 feet (USGS
datum). The Caribou No. 1 Intake is in the deeper portion of the reﬁselrvoir, data from a
11996 bathymetric survey indicates that the intake has access to water from the surfacé to
4,095 feet (USGS détum).; The storage-capacity rating for' Butt Valley Reservoir
indicates a totai volume of 7,:837 ac-feet at an elevation of 4,110 feet (USGS) and 598 ac-
feet at 4,095 ft (USGS). ’ffle difference between these two values (7,239 acre-ft) is the |
volume of water available to Caribou No.l that is not available to ,C‘ariﬁou No.2. |

Depending on thermal conditions in the reservoir, some or all of this 7,000 acre-feet
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comprises the pool of cool watér éccessed-by Caribou No. 1. At a maximum withdrawal
rate of 1,100 cfs through Caribou No.1, this volumé would last about 80 hours; or 3.3
days. A subsequent reduction in withdrawal rate would extend the périod of time the
cool water was available;, but would also reduce the effective change in downstream
'températures. It can therefore be éoncluded that preferential operation of Caribou No.1
can bnly provide a short period of .témpe;ature mitigation. When the podl of cool water
i; depleted there is no temperature benefits associated with operating Caﬁboﬁ No.1 over

Caribou No. 2.

To define and qﬁantify the effect that preferential use of Caribou Nd.\ 1 has on
temperatures iﬁ the lower NFFR, ‘the »Licens'ee conducted a special short duration
operational test in July 2002. This test wag conducted from July 3 th;ough July 7, 2002.
.During this period Caribou No. 1 was operated preferentially over Caribou No. 2. On
three days during this period CariBou No.2 was not operated at all. Because the pool of
cool water iﬁ Butt Valley Reservéir had not been utilized up to this point, this test
repreSents_- a best-case scenario with régard to-the mitigating effect of using Caribou No. 1
preferentially over Carib'ou.No. 2. Figure 3-27 compares daily average temperatures
from the Caribou powerhouse complex, with NFFR stations in the Rock Creek-‘Cre.sta'

reach during this test. Table 3-7 summarizes the data presented in Figure 3-27.
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Table 3-7

Summary of temperature data from Caribou complex operational test.

Upper NFFR :
Resultant Belden below Rock . below
Caribou No. 2 Caribou No.1 Caribou | Forebay | Creek Dam- . Forebay
. | Temperature Flow | Temperature Flow | Complex * [BD1] [NF10] [NF13]
Date CC) (cfs) o) (cfs) | (CC) (o) CC) () - Remarks
'6/30/2002 - 214 150 - T - 214 215 209 208  Pre-test, no Caribou No.1 flow
7/1/2002 - 222 . . 230... - - 22 218 207 209 Pre-test, no Caribou No.1 flow
7/2/2002 22.0 251 - 3 21.7 222 20.8 209 Pre-test, no Caribou No.1 flow
7/3/2002 -— -— 16.3 - 203 16.3 21.8 20.7 20.8 Test period
7/4/2002 -— -— 16.3 - 138 -16.3 21.0 205 20.8 Test period
7/5/2002 - -— 164 - 117 16.4 20.1 20.6 : 20.8 Test period
7/6/2002 . 21.8 228 17.3 460 18.8 . 195 20.7 20.7 . Test period
7/7/2002 - 222 - 198 ~17.3 - 436 18.8 19.3 206 20.7 Test period
7/8/2002 225 443 18.1 284 20.8 199 202 . 208 Post-test, normal operation
7/9/2002 232 - 625 . 184 425 213 21.1 . 204 203 Post-test, normal operation

7/10/2002 23.0 1,091 18.7 - 672 -21.3 21.5 213 205 - Post-test, normal operation
e Based on mass balance calculations. -
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Table 3-7
(Continued)
Belden Powerhouse Belden Reach (Nf5) Belden Reach
Temperature Flow | Temperature Flow [NF6} [NF7] [NFS8] [EB1]
Date 0 (cfs) 0 (cfs) °C) 0 C) 0) Remarks
- 6/30/2002 - 0 189 - 144 19.0 19.3 21.2 23.3 * Pre-test, no Caribou No.1 flow
7/1/2002 19.8 87 19.1 144 19.0 19.1 21.2 233 Pre-test, no Caribou No.1 flow
7/2/2002 207 187 19.3 144 19.2 19.3 212 233 Pre-test, no Caribou No.1 flow
7/3/2002 21.1 58 19.2 143 19.0 19.1 20.8 22.8 Test period
71412002 — 0 18.7 144 18.7 18.8 20.5 224 Test period
7/5/2002 — 0 . 18.3 144 18.5 18.8 20.7 22.7 Test period
7/6/2002 - 19.0 558 17.9 143 18.2 18.7 20.7 229 Test period
7/7/2002 19.0 . 500 17.8 144 18.1 18.5 206 23.2 Test period
7/8/2002 19.6 641 179 . 144 18.1 18.5 20.6 23.1 Post-test, normal operation’
7/9/2002 20.9 783 181 144 18.3 18.7 20.8 23.5 Post-test, normal operation
7/10/2002 19.1 19.5 215 Post-test, normal operation -

21.2 1216

18.9 144

24.1
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As indicated, in 'Table 3-?, release temperat;lres from tlh'e Caribou powerhouse cbmplex
were approximately 22.0°C Before the test began. Once Caﬁbou No. 1 came into full
ﬁtilization and Céribou. No. 2 flows were decreased, re]ease} temperatures dropped to
épproximately 16.3°C.  This drop "of 5.7°C reprelsent.s fhe maximum change in
temperature measured at‘the Caribou complex release, ténﬁﬁeratﬁres increased in a
progreséiVe manner as contributions from Caribou No. 2 indféased following the shut

down period.

The observed rate of change in release tempefatures at Caribou No. 1 supports the
previous discussion. At the beginning of the test, Caribou No. 1 release temperatures
measured 16.3°C. At‘thé‘ eﬁd of the five day test period, Caribou.No.l releas;
temperatures hadrisen to 17.3°C, and were 18.7°C by July 10 (eight' days'aﬁer use of -
Caribou No. 1 began). Caribou No. 1 release temperatures' e?(ceeded 20°C, on July 19,
2002; 16 days after the start of Caribou No. 1 utiliéation, at an average daily flow of 295

cfs,

As discussed in Section 3215, a thermal gradient exist in Belden Fofebay that is
probably the result of operational influences on the system. This gradient, results in
éooler Water.being released to the Belden Reach through‘ Oak;ﬂat Powerhouse and
warmer water djverted through Belden Powerhouse.- Tﬁe BD1 monitoring station
‘represent;s, temperatures in tﬁc upper layers of the -forébay thé.t are passed through Belden

. Powerhouse. The NFS5 station represents temperatures in the lower layers of the forebay,
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as well as initial temperatures in the Belden Reach. To evaluate the effect of operational

changes on temperatlire_each transpdrt pathway will be discussed separately.

During the test, temperatures in the upﬁer portion of Belden Forebay (BDI) showéd a
gradual reduction through the test period. The maximum decrease in temperature was
2.9°C, which was i‘ecofded_ (;n the laét day of the test period (July 7, 2002). This slow .
" rate of changé in the forebay temperature was related to the relatively lqw rate of inflow
(117-203 cfs) and outflow in Belden Forebay. During full load conditions, thé retention
time in Belden Forebay is less than 12 hours‘.’ However, at the flows present during the |
test, ihe.estimated forebay retentioh time Wés about one week (at an average flow of 160
cfs). The longer retention time Acombifled and the presence of pre-test warm water in the
Beid_en Forebay contributed to the slo§v rate of temperature change as‘measvured at BD1

compared to the Caribou complex release temperatures.

During the test, temperatures in the lower portion of Belden Forebay (NF 5) also showed
a gradual reduction through the test period. However, because of Ithe thermal gradient in
the forebay, the maximum éhange was much less than that Vseen in the ul;per layers. The
* maximum decrease in temperature was 1.4°C, and was also‘ recorded on the last day of
the test period (July 7, 2002). F or most of the tesf period, outflow from the Forebay was
comprised entirely of 'instrearﬁ releases to the Belden Reach through Oak-flat
| -querhouse. The monitoring station at the end of the upper Belden ‘Reach (NF7), is
located .up‘stream of the confluence with the East Branch of the NFFR. The maximum

decrease in temperature at this station was 0.8°C, and was also recorded on the last day of
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1

the test period (July 7, 2002). The last station in the Belden Reach (NF8) is located
upstream of the confluence with Yellow Creek. Temperatures at this station reflect the
influence of the warmer EBNFFR inflows. As a result of the EBNFFR inflows the

temperature reduction in the Belden Reach was further moderated to 0.6°C.

The statioﬁs below Rock Creek Dam and Cresta Dam (NF10 and NF14, respectively),-
were used to detect'any effect from the CariBou te‘st.‘ It was assumed that these stations
would be the least affected by tribﬁtary inﬂoW and ambient cc;ngljtions.- Temperatures at
the beginning of the Rock Creek"I.{each (NF10) showed a n,iaxirpum de'creasev of 0.6°C
the day after the test ended I(July 8, 2002). On the following day (Juiy_ 9, 2002), the
station 10céted below Cresta Dam (NF 14),vr‘neasured a similar'maXimum decrease of

0.6°C. Temperatures at NF10 and NF14 exceeded 20°C during the entire test period.

The results of this test were influenced by the high flow released for whitewater test on

July 7, 2002.

It is acknowledged that the 2002 preferential use test was conducted under less than ideal
ciréuinstancés. Flow through Caribou No.l was much less than would be expected
through Caribou No.2 under normal operations. There was little or no flow through
Belden Powerhouse during' the test; as a result residence time in the. forebay was
. increased. Finally, a high flow whitewater test wés begun in thé Rock Creék/Cresta reach
% - on thc last day of the pfeferc;,ntial use test. This cbinéidental timing significantly altered
the rate of travel throﬁgh the system and undoubtedly affected the test results in the Rock

Creek and Cresta reaches.
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In summary, the 2020 preferential use of Caribou No. 1 over Caribou No. 2 produced the

following results:

eRouting flows only through Caribou No. 1 produced a 5.7°C decrease in release
temperature at the Caribou Powerhouse complex. Caribou No.l1 temperatures rapldly
increased following the start of withdrawals from the pool of cool water.

o The test produced a 3°C decrease in temperature in the upper layers of Belden Forebay
- (BD1), and yielded a decrease of 1.4°C in the lower layers of the Forebay (NFS5).

e The test yielded a 0.8°C decrease in temperatures at the end of the upper Belden bypass
reach (NF7), decrease was further moderated to 0.6°C at NF8 after mixing with the East
Branch NFFR. : :

e The test yielded a 0. 6°C decrease 1ntemperatures in the Rock Creek and Cresta bypass

"~ reaches at NF10 and NF14 stations

o The reserve of cool water is limited in Butt Valley Reservoir, and operation of Caribou
No. 1 in preference over Caribou No. 2 can at best provide only temporary periods
(several days) of mitigation. :

11}4723.2.3.2. Effect of Outlet Use at Cresta Dam on NFFR Water Temperbature :

The minimum instream flows to the NFFR are released from two sources at Cresta Dam.
The primary release is made from the in-stream flow release valves, which are positioned
approximately 30 ft. below normal water surfaee. These velves release a minimum of
150 cfs and self adjusts for chatlges in reservoir level. The tadial gates are the second
source of release ﬂew; these gates withdraw water from the top 20 fi. of the reservoir.
The radial gates are not self-adjusting and are therefore typically used in conj unctien wtth

the instream release valves.

A daily log is kept documenting the total release flow, as well as the flow originating

from each outlet. During the June '.through September 2002 monitoring period, the
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instream release valve provided 26 to 61 percent of the total release flow. Flow from the

radial gate provided 39 to 74 percent of the total flow.

Due to a short retention time, Cresta Reservoir does not undergo thermal stratification.
Consequently, no difference in temperature was expected with respect to outlet used. To
test this assumption, temperature data from monitoring stations at NF14 and RC1 were

used to evaluate the temperature effect associated with differential use of the two Cresta _

e
!

Dam release outlets. A long term evaluation was not pessihle since both gates were used
equally throughout the perioci to generate the total ﬂow-. Howe{/er an eight day period
-(June 28 through July 5) was evaluated durrng which preferentlal use of the outlets was
alternated. For the period June 28 through J uly 1 the instream valve averaged 35% of the
. total release. For the period July 2 through July 5 the instream valve averaged 59% of the

total release. . S E Lo

Based on this evaluation, there was no measurable change m the difference between
‘downstream (NF14) and upstream (RC1) temperatures during peribds when' either gate
provided the majority of release flow. For the two day perrod June 30-July 1, the radial
gate prrov1ded 66% of the total flow and the 'mean daily average temperature at NF14 was
20. 9°C For the two day perlod July 2-3, the instream release valves prov1ded 60% of the
'total ﬂow and the mean .daily average temperature at NF14 was 20. 8°C As a result of

this evaluation there appears to be no beneﬁt derived from preferential use of either

release outlet. -
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1.5:1:33.2.3.3 Effect of inflow from Bucks Lake system on water temperatures in the
NFFR

The Bucks Lake .system delivers relatively cool water to the end on the Rock Creek
'Reach. Two tempefature evaluations were performed on data from stations lopated
upstream and downstream ‘of inflows from the Bucks system. The first evaluation
focused' on inflow from Bucks Creek and Bucks Powerhouse. The second eyaluation
focused. on inflow from Grizzly Creek. D;ata used for these evéluations is summarized in

Table 3-8.

The Bucks Lake system is comprised of Bﬁcks Lake, Lower Bucks Lake, Grizzly
Powerhouse, Grizzly Forebay, and Bucks Powerhouse. Bucks Lake i-s the main storage
resefyoir and deliVers rellativ.ely cool water to Lower Bucks Lake through a low level
outlet. Water is then diverted from Lower Bucks Lake to Grizzly Forebay through
Grizziy powerhouse. A minimum release of 3 cfs (in summer time) is made to Bucks
Creek downstream of Lower Bucks Dam; this flow subsequently discharges into fhe
NFFR approximately 1.3 miles upstream of Rock Creek Powerhouse. Flow from Grizzly
Powerhouse immediafely enters Gﬁ;zly Forebay, which provides generation storége for
Bucks Powerhouse. Bucks Powerhouse discharges directly to the NFFR app;oximately
1.0 mile upstream of Rock Creék Powerhouse and 0.3 mile downstream of the mouth of
Bucks Creek. A minimum release of 4 cfs (in summer time) is made to Grizzly Creek
" downstream of Grizzly Forebay Dam,; tiliS flow subsequently discharges intol the NFFR

approximately 0.75 mile downstream of Cresta Dam.
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Table 3-8

Temperature data associated wi'th‘inflows from Bucks Lake system.

A. Daily average temperature and flow data near Bucks Powerhouse.

21.2

NF12 BUCK1 l BUCK2 < | NF13 . ROCKI1 "ROCK2 | NF14

Date (°C) (°C) (cfs) (°C) (cfs) (°C) (°C) (cfs) (°C) (°C)
8/14/2002  22.3 193 16.1 14.3 1886  19.4 21.9 1045 18.6 215
8/15/2002  22.4 19.3 16.0 142 216.2 19.0 222 1043 18.8 21.2
8/16/2002 - 22.4 19.2 15.9 13.9 214.8 19.0 224 . 1021 19.0 21.2
8/17/2002  21.8 18.0 158 140 135.4 19.5 224 1022 185 212
8/18/2002 213 175 15.8 135 2277 17.6 22.0 1021 18.0 20.7
8/19/2002  21.2 17.0 15.7 0.0 20.7 21.9 1059 17.7 20.5
8/20/2002  20.7 160 154 0.6 20.6 215 1009 - 17.1 21.0
8/21/2002  20.2 154 - 152 0.0 20.0 21.3 1217 16.5 20.8
8/22/2002  20.1 15.2 15.2 0.5 19.9 21.4 1290 16.2 20.5
8/23/2002  20.0 14.8 15.0 1.7 197 1205 15.8 20.4
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Table 3-8 (Continue)

B. Daily average temperature and flow data near Grizzly Creek.

Daily Average Temperatures

Date NF14 GCl - NF15 Delta-T
8/6/2002 19.8 16.8 19.7 -0.1
8/7/2002 19.6 165 195 -0.2-
8/8/2002 19.7 16.6 19.6 -02
8/9/2002 20.1 17.2 20.0 -0.1
8/10/2002 203 17.8 203 . 0.0
8/11/2002 20.5 183 . 20.6 0.0
8/12/2002 20.6 . 18.8 20.7 0.1
8/13/2002 20.8 19.5 - 21.0 0.2
8/14/2002 21.5 19.9 215 0.1
8/15/2002  21.2 20.1 214 02
8/16/2002 21.2 20.2 214 0.2
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The Bucks Creék-Bupks Powerhouse (Bu’cks" system) evaluation used temperatures from
NF12, NF13, RC1, and ‘NF1‘4 to determine the effect of inflows from Bucks Creek
~(BUCK1) and Bucks Powerhouse (BUCK2). Bucks P-owei'hou"ser was 6perated on a
peaking-’typevregime during the June through Septernber period. 'This .is done largely to
maintain lake levels in Bucksv Lake through the summer period in support of recreational

concerns and property owner issues.

" In order to compare periods with relatively similar ambient meteorological influences, a
ten-day test period was selected which included five days of consistent Bucks

powerhouse operation and five days of no powerhouse operation.

The test period illuétrating the effect of powerhouse operations was from August 14 -18,
2002. During this five day period the average temperature at station NF-12 (upstream of
Bucks system inflows) was 22.1°C. The average five day terhperature at Bucks Creek

was 18.7°C, and the average Bucks Powerhouse temperature was 14.0°C. The resultant

temperature in the NFFR downstream of the Bucks system inflows (NF13) was 18.9°C.

~ This represents an average decrease in temperature of 3.1°C; temperatures were also

o

reduced below the 20°C level. Inflow temperatures from Rock Creek Powerhouse

averaged 22.2°C dunng this same five day perlod The absolute effect of Bucks system
inflows on the NFFR was measured at station NF14 This station is below Cresta Dam
and represents resulting temperatures following the mixing of Rock Creek (RC2), Rock

Creek Powerhouse (RCI),' and the NFFR end of the Rock Creek Reach (NF13) in Cresta

: 3-84 ,
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Reservoir. Temperatufes at NF14 during the five day period averaged 21.1°C, or 1.0°C

cooler than the Rock Creek powerhous‘e inflow.

The test period illustrating the effect-of no peWerhouse operations was from August 19 -
23. During this five day peried the average temperature at station NF-12 (upstream of
Buck Creek and Bucks Powerhouse) was 20.4°C. The average five day temperature at
Bucks Creek was 15.7°C. The resultant temperature in the NFFR downstream of the
B'uck:s Creek inflow (NF13) Was 20.2°C. This represents an average decrease in
temperaturevo.f 0.2°C. Inflow temperatures from Rock Creek Powerhouse averaged
21.5°C during the same five day period. Temperatures at NF14 during this five day

period averaged 20.7°C, or 0.8°C cooler than the Rock Creek powerhouse inflow.

Results of this evaluation indicate that operation of Bucks Powerhouse can signiﬁcantly
reduce temperatures in the NFFR immediately upstream of Rock Creek Powerhouse.
However, due to the large volume of inﬂow from Reck Creek Powerhouse at
temperatures similar to those measured in the NFFR 'ﬁpstreem of inﬂews from the Bucks
-syster'n,v there appears to be no measurable effect downstream of Reck Creek Powerhouse.

This is true as long as Rock Creek Powerhouse is operating.

The Grizzly» Creek evaluation used temperatures from NF14, and NF15 to determine the
- effect of inflows from Grizzly Creek (GRI). In order to compare periods with relatively

similar ambient meteorological influences, an eleven-day test period was selected which

. 3.85
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4
|

- .included a wide range of Grizzly Creek inflow temperatures. The test period chosen was
August 6-16, 2002. During this period, Grizzly Creek temperatures ranged from 16.2 to

20.5°C. Flows in Grizzly Creek ranged from 16.1 to 20.2 cfs.

!
‘

‘Temperatures in the NFFR ui)stream of the Grizzly Creek confluence (NF14) fer' this
_period ranged from 19.6 to ‘21.5°C.’ Temperatures in the NFFR downstream of the
Grizzly Creek confluence (NF 15) for this period ranged from 19.5 to 21.5°C. In general,
_there was no difference in avérage temperatures between VNF15| and NF14. The absolute

difference ranged from 0.2°C. cooler to 0.2°C warmer. As indicated by this data, during

the summer period when creek flows are low, inflows from Grizzly Creek do not mitigate

|
i

* temperatures in the NFFR.

4—.471—.43.2.3.4 Water Temperature Model Evaluation

3.2.3.4.1 . Existing Model Evaluatlon
In 1986 Woodward-Clyde Consultants (WCC) developed temperature models of the

ARock Creek Reach and Cresta Reach of the NFFR using the SNTEMP (Stream Network
Temperature Model). Both models were developed\usrng data from 1985. As part of the
-most recent Rock Creek-Cresta Hydroel\ectric* Project relicensirt‘g:effort (FERC 1962), the
1986 SNTMP temperature models Awere revised -and updated. As part.of the updating
process, data collected in 2002 was incorporated into the exiting models to .ystrengthen

model calibration. The results of this modeling analysis are presented in: Revised Water

Temperature Modehng for the Rock Creek- Cresta Hvdroelectnc Project - FERC Project

No. 1962 (TRPA, 2003). Thrs document is 1ncluded as Appendlx B.
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Both of the revised models were then used to evaluate a matrix (gaming) of alternative
flow scenarios. The calibration and validation of both models was based on two ye'ars_
(1985 and 2002) of hydrologic and meteorologic data, while the 2002 weather conditions

was used in scenario gaming.

The original Rock Creek Reach water tempefature model was fine-tuned by the addition
of tributaries influences not incorporated in the structure of the original model. The 2002
|
data was merged. into the 1985 dataset and the célibration recalibrated. This was
followed by scenario gaming of varied flow releases using the 2002 June-September |
rﬁeteorologic data.‘ The original Cresta Reach temperature model structure and |
calibration was validated using the 2002 data andvretained unchanged. Flow release

gaming of the Cresta model also used 2002 ambient conditions. Table 3-9 summarizes

the quality control statistics for each model.

+1.1:1:23.2.3.4. 2 Scenario Simulation
Based upon prempltatlon within the North Fork Feather River watershed, the year 2002

was classified as a normal hydrologic year. Both reach models were used to predict river
temperatures resulting from the gaming of multiple release scenarios under the 2002
hydfologic year conditions. Results of the ‘séenario gaming were then'c'ornpared to the
existing release éonditions to evaluate the influence of controllable factors (such as
higher inétream ﬂow rejease) relative to uncontrollable factors (meteorological conditién

s and initial water temperatures).
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Table 3-9

Summary of Model Quality Control Statistics

 A. Rock Creek Reach (Re-calibration)

North Fork Feather River downstream of Granite Cr conﬂuence

| 3-88
. © 2003, Pacific Gas and Electric Company

Correlation Mean ~  Prob. "~ Max. . Bias
Coefficie_nt Error Error Error Error Day
0.9932 0.07 ' 0.13 0.64 ' 0.01 122
North Fork Feather River upstream of Bucks Cr confluence
Correlation Mean Prob. - Max. ~Bias.
Coefficient Error Error Error . Error - Day
0.9901 0.01 | 017 . 0.71 001 122
North Fork Feather River upstream of Rock Creek P;werhouse
Correlation Mean .  Prob. . Max. ~ Bias
Coefficient Error Error Error ' Error Day
0.9834 -022 024 0.95 . 0.02 . 122
B. Cresta Reach (Validation 2002 data) |
North Fork Feather River downstream of Grizzly Cr confluence
Correlation Mean Prob. Max. .1 Bias
Coefficient Error Error - Error Error Day
0.9988 - -012 0.05 -0.26 1 0.00 122
: North F ork Feather River upstream of Cresta Powerhouse
Correlation Mean  Prob. Max. " Bias ‘
. Coefficient Error Error Error Error Day
0.9889 008 017  -067 002 122
‘"TRP, 2003
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~ License conditions issued in Oeteber;October 2001, specified that release flows in each

reach be increased to a new level for evaluation at intervals of every five qualified years

(atotal of three 3 five-year periods are specified in the license). Release flows were tied

to water year type (normal/wet, dry, critical dry) and changed seasonally. Temperature
conditions resultihg erm the incréased release ‘ﬂows would then be mohito_red during
each ﬁv_e-year time period. Using the 2002 hydrologic and meteorologic Adata, flow
releases for the _“normal/Wet” condition from the first, second, and fhird S-year periods
" were modelgd. Table 3-10 defines 'the monthly flow release scenarios used in this |

modeling effort.

Results of gaming 'the three alternative flow -release scenarios varied for the two river
reaches during lthe four sumfner months simulated. Table 3-11 presents the results of
model simulation under normal/wet conditions. Table 3-11 compares meaﬁ rﬁoﬁthly
water temperéture at selected nodes within each reach for each month and release flow.
Under the nox_'mal/\;vet cor_idition, model predictilons for the Rock Creek Reach suggest
that higher instream flow releases produce incrementally higher aQerage water
“temperature at the end of the reach. This is largely the result of higher release flows
‘over-riding the cooling benefit from éblder tributaries and inflows from Bucks
Powerhouse. Some reduction 1n temperature is seen with higher flows closer to the dam.
‘Under the normal/wet conditidn, model predictions for the Cresta Reach suggest that
higher’ instream flow releases produce incrementally lower water temperatﬁre with
disténce from the dam. Higher releases flows benefit the Cresta Reach largely because of

the lack of cooling tributary inflows. Overall, the net temperature change (higher or
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* Table 3-10

Summary of Release Flows used during Scenario Gaming

A: Rock Creek Reach - Normal/Wet Water Year

Monitoring Flow Release from Rock Creek Dam

Year June July Auglist ' September
Years 1-5 220 180 180 180
Years 6-10 . 260 260 260 260
Years 11-15 3940 -390 | 390 390

B: Cresta Reach - Normal/Wet Water Year

Monitoring Flow Release from Cresta Dam
Year June ‘ “July August September
Years 1-5 240 220 ' 220 | . A22O
Years 6-10 325 325 325 - 325
Years 11;15 | 440 440 440 - 440

3-91
© 2003, Pacific Gas and Electric Company




Draft Rock Creek-Cresta Compliance Monitoring Report = Apﬁl 2003
. . EETI ' . e

Predicted Monthly Averzige Stream Temperature at Selégted Release Flows.

" A. Rock Creek Reach

1

Table 3-11

Above Rock Cr Powerhouse

Miles below June July
Rock Cr o
Location on NFFR Dam 220 cfs 260 cfs 390 cfs 180 cfs 260 cfs 390 cfs
Rock Creek Dam 0.00 18.4 ©118.4 18.4 21.3 21.3 21.3
Above Milk Ranch Creek, 2.06 18.8 18.8 18.7 21.7 21.6 21.5
Below Milk Ranch Creek 211 18.7 '18.6 18.6 21.5 21.5 215
Above Cammings-Chambers ‘ ' , g |
Creek 2.98 18.8 18.8. 18.7 21.7 . 21.6 21.6
Below Cummings-Chambers “ | : <
Creek 3.04 . 183 184 18.4 21.5 21.5 21.5
Below Granite Creek - 4.10 18.5 18.5 18.5 21.6 21.6 21.6
Above Bucks Creek 6.71 18.4 18.5 - 18.6 ©21.7 217 21.6
Below Bucks Creek 6.77 18.3 18.3 18.4 21.4 21.5 21.5
Above Bucks Cr Powerhouse 6.96 18.3 18.3 18.5 214 21.5 21.5
Below Bucks Cr Powerhouse 7.02 18.1 18.1 18.3 20.2 - 20.2 . 20.8
Above Rock Cr Powerhouse 7.95 18.2 18.3 18.4 20.3 20.6 20.9
Miles below August’ September
o Rock Cr .

Location on NFFR Dam 180 cfs | 260 cfs 390 cfs 180 cfs 260 cfs 390 cfs
Rock Creek Dam . 0.00 21.2° 212 | 212 19.1 19.1 19.1 °
Above Milk Ranch Creek 2.06 213 213 213 19.1 19.1 19.1

-} Below Milk Ranch Creek . 2.11 21.2 21.2 . 21.2 18.9 19.0 19,1
Above Gummings-Chambers . |
Creek ' 2.98 21.2 213 21.3 18.9 19.0 19.1
Below Gummings-Chambers ' |
Creek 3.04 21.1 21.2 21.2 18.9 19.0 19.1
Below Granite Creek 410 21.2 212 213 | 188 19.0 19.1
Above Bucks Creek 6.71 21.1 - 21.2 213 187 18.9 19.1
Below Bucks Creek 6.77 20.8 21.0 21.2 18.4 . 18:7 18.9
Above Bucks Cr Powerhouse 6.96 20.8 21.0 21.2 18.4 18.7 18.9
Below Bucks Cr Powerhouse 7.02 18.8 18.8 19.8 15.9 15.9 17.2.

7.95 18.9 19.4 19.9 16.0 . 16.6 17.2
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Table 3-11
(Continued)
B. Cresta Reach _

Miles below June ' July
Location on NFFR Cresta Dam 240 cfs 325 cfs 440 cfs 220 cfs 325cfs | 440 cfs
Cresta Dam 0 18.4 18.4 18.4 21.2 212 21.2
Abové Grizzly Cr 0.37 18.5 18.5 185 21.3 21.2 21.2
Below Grizzly Cr ' 0.38 18.2 o182 18.3 21.1 211 21.1
Middle Crestareach . 2.24 18.6 18.5 18.5 214 214 214
Above Cresta Powerhouse - 4.72 19.0 18.9 18.9 21.9 217 21.7

Miles below August September
Location on NFFR Cresta Dam 220 cfs |. 325 cfs 440 cfs 220cfs | 325cfs 440 cfs
Cresta Dam - 0 20.7 20.7 20.7 18.5 18.5 18.5
Above Grizzly Cr 0.37 20.7 -20.7 20.7 - 185 18.5 18.5
Below Grizzly Cr 0.38 20.5 20.6 1 20.6 18.3 18.4 18.4
Middle Cresta reach 2.24 20.7 20.7 20.7 18.4 184 - 18.5
Above Cresta Powerhouse 4.72 20.9 20.9 20.9 18.4 18.5 18.5
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lower) for the various in-stream flow releases was small. A corﬁplete presentation of the

water temperature model simulation is presented in Appendix B.

Based upon mddel predictions, controllable factors (ﬂo§v relééses) are over-:ridden by
non-controllable phslsical factors (e.g. solar radiatioh, lack of éhading, tributary inflow,
starting‘water temperatures reieased ﬁom the dam). Water temperatures in the NFFR in
Rock Créek and Cresta study reaches were frequently above temperature thresholds (18-
20°C)' for salm@nids and othier.cold water aquatic organisr'n$,-; primarily due to initial

(starting) water temperatures at the release point.

304
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Comparison of 2002 Daily Average Stream Flow - Lake Almanor Tributaries

—&— NFFR above Chester (NF1 - eétimated)

F\\ ‘ —&— Hamilton Branch near mouth (HB1 - estimated)
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Figure 3-1. Comparison of daily average flow at stations tributary to Lake Almanor — 2002
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-Comparison of 2002 Daily Average Storage - Lake Almanor
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~ Figure 3-2. Lake Almanor average daily storage and elevation — 2002
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Comparison 2002 Daily Averége In-flow to Butt Valley Reservoir
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Comparison of 2002 Daily Average Powerhouse Flow - Caribou Powerhouse Complex
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Figure 3-3. Comparison of daily averagé flow from select stations in the upper NFFR Project -2002 -
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B ..;qx» ;‘h

2002 Daily Average Powerhouse Flow - Belden Powerhouse
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Figure 3-3 (continued). ‘
Comparison of daily average flow from select stations in the upper NFFR Project — 2002
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Comparison of 2002 Daily Average Storage - Butt Valley Reservoir
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Figﬁre 3-4. Daily Average Storage in Butt Valley Reservoir — 2002
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Comparisen of 2002 fliaily Average Powerhouse Flow - Rock Creek-Cresta Facilities

.

Figure 3-5. Comparison of daily average flow at Rock Creek-Cresta Project powerhouses — 2002
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Comparison of 2002 Daily Average Temperature - Lake Almanor Tributaries
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Figure 3-6. Comparison of daily average temperature at stations tributary to Lake Almanor — 2002
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Comparison 2002 Daily AQemge Temperature - Lake Almanor (A1)
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Figure 3-7. Comparison of mean daily temperatures from two depths in Lake Almanor near the Canyon Dam Intake — 2002
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2002 Lake Almanor Temperature Profiles
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Figure 3-8. Comparison of monthly profiles from Lake Almanor (LA1) for the period June through September 2002
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" 2002 Lake Almanor Longitudinal Temperature Profiles
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Figure 3-9. Longitudinal thermal structure at four profile stations in Lake Almanor — 2002
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2002 Lake Almano{' Longitudinal Temperature Profiles
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~Figure 3-9 (continued).
Longitudinal thermal structure at four profile stations in Lake Almanor — 2002
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“Comparison of 2002 Daily Average Temperature - Tributary Inflow to Butt Valley Reservoir -
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Figure 3-10. Comparison of daily average temperature at stations tributary to Butt Valley Reservoir - 2002
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2002 Butt Valley Reservoir Temperature Profiles
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Figure 3-11. Comparison of monthly profiles from Butt Valley Reservoir (BV2-A) for the period June through September 2002
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1

2002 Butt Valley Reservoir Longitudinal Temperature Profile
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Figure 3-12. Longitudinal thermal structure at three stations in Butt Valley Reservoir — 2002
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2002 Butt Valley Reservoir Longitudinal Temperature Profiles
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2002 Butt Valley Reservoir Loﬁgitudinal Temperature Profiles
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Longitudinal thermal structure at three stations in Butt Valley Reservoir — 2002
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Comparison of 2002 Daily Average Temperature - Butt Valley Reservoir
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Figure 3-13. Comparison of mean daily tempefatﬁres from two depths in Butt Valley Reservoir near Caribou No. 1 Intake — 2002
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Comparison of 2002 Daily Average Temperature - Seneca Réach of the NFFR
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Figure 3-14. Comparison of daily average temperatures in the Seneca Reach — 2002
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Comparison of 2002 Daily Average Temperature - Lower Butt Creek
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Figure 3-15. Comp.arison of daily average temperatures in lower Butt Creek — 2002
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Comparison of 2002 Daily Average Temperature -Belden Forebay/Caribou Powerhouse complex
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Figure 3-16. Comparison of daily average temperatures from the Caribou Powerhouse/Belden Forebay complex — 2002
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Comparison of 2002 Daily Average Temperature - Upper Belden Reach of the NFFR
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Figure 3-17. Comparison of daily average temperatures in the upper Belden Reach — 2002
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Comparison of 2002 Daily Average Temperature - Lower Belden Reach of the NFFR
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Figure 3-18. Comparison of daily average temperatures in the lower Belden Reach — 2002
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Comparison of 2002 Daily Average Temperature - Rock Creek Reach of the NFFR
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Figure 3-19. Comparison of daily average temperatures from stations in the upper Rock Creek Reach — 2002
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Comparison of 2002 Daily Average Temperature - Rock Creek Reach of the NFFR
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Figure 3-20. Comparison of daily average temperatures from stations in the lower Rock Creek Reach — 2002
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Comparison of 2002 Daily Average Temperature - Rock Creek Reach of the NFFR
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Figure 3-21. Comparison of daily average temperatures from river stations in the Cresta Reach — 2002
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Comparison of 2002 Daily Average Temperature - Streams Tributary to the Cresta Reach
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Figure 3-22. Comparison of daily average temperatures in streams. tributary to the Cresta Reach — 2002
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Daily Average Temperature Comparison - Middle Fork Feather River with NFFR Stations
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Figure 3-23. Comparison of daily average temperatures from MFFR at Milsap Bar with selected NFFR stations - 2002

3-120
© 2003, Pacific Gas and Electric Company




Water Temperature (°C)

Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

Comparison of 2002 Daily Average Temperature - Caribou No.2 Intake '
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Figure 3-24. Comparison of daily average temperatures from three stations associated with the Caribou No.2 intake — 2002
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Temperatrure Profiles near Caribou No. 2 Intake
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Figure 3-25. Profile data from three stations near Caribou No.2 intake — 2002
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Temperature Profiles near Caribou No.2 Intake
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Figure 3-25 (continued). Profile data from three stations neaeraribou No. 2 Intake — 2002
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Daily Average Temperature Comparison - Butt Valley Reservoir
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Figure 3-26. Comparison of daily average temperatures from three stations in Butt Valley Reservoir — 2002.
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Caribou Powerhouse Utilization Test - July 2002
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Figure 3-27. .Comparison of daily average temperatures from select stations during Caribou complex flow test —2002.
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Daily Average Water Temperature - Station NF56 - 2002
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Figure 3-28. Comparison of daily average temperatures from telemetry sensors with insitu
recorders — 2002.
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Appendix A

‘ Summary of Hourly Average Water Temperatures Data - UNFFR 2002

(I YOU S

Hourly Temperatures ' Data

Station Year Month [ max " § min__ mean __ Days
NFFR at 2002 . June ,..].,9 0 6.4 12.7 30
Chester 2002  July (201 ° 113 15.7 31
[(NFI) iy 72002 Aug 191 9.8 14.2 31

2002 Sept 16.5 7.5 115 30

Hamilton 2002 June 15.3 8.1 11.8 30
Branch at 2002 July 154 9.0 12.0 31
Road bridge 2002 Aug 171 : 88 11.8 31

(HB1) 2002  Sept 13.8 8.1 10.4 30
Hamilton 2002 " June 17.8 79 12.6 30
Branch 2002 July 18.3 9.7 13.3 21
Powerhouse 2002 Aug 21.6 14.3 17.5 30
(HB2) 2002  Sept ~19.6 8.2 14.4 30

Lake Almanor 2002 June 23.5 14.6 19.7 30
at Canyon Dam 2002 July 25.9 21.1 23.6 31
near surface 2002 Aug (260 @ 214 23.1 31

(LA1-S) 2002 Sept 23.2 180 ~ 20.0 30 -
Lake Almanor 2002 June 9.5 8.1 8.9 30
at Canyon Dam 2002 July 10.7 9.2 9.9 31

near bottom 2002 Aug 114 10.2 10.8 31
(LA1-B) 2002 Sept {116 10.9 11.3 30

NFFR below 2002 June 13.0 9.8 11.3 30
Canyon | Dam 2002 July 13.9 11.3 12.5 31

[((NF2) ;- 2002 Aug 140 125 133 31
2002 Sept (148 126 137 30

NFFR at 2002 * June 166 9.6 135 30
Seneca Bridge = 2002  July {174 119 150 31
© 2002 Aug 170 115 145 31
‘2002  Sept 157 106 134 30

NFFR above 2002 °. June 17.6 10.4 14.3 30
Caribou PH 2002 July (184 © 131 15.9 31
C@m © 2002 Aug 179 121 15.0 31

* 2002 Sept 16.3 10.8 13.4 30

Butt Valley . 2002 June 16.9 7.9 }‘51 5 4
Powerhouse - 2002 ° July 224 143 7202 29
[Corrected] 2002 Aug 226 ' 184 21.2 31

(BV1) 2002  Sept  21.6 18.1 19.3 30
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Appendix A (Continued)

Daily Temperatures ' Data

Station Year Month max  min mean ___ Days
Butt Valley Res. 2002 June 22.7 17.3 20.1 30
at Caribou Intake 2002 July 7255 21,6 233. 31
Near surface 2002 .. Aug 248 21.4 22.7 31
(BV2-S) 2002 Sept 23.0 18.3 20.1 30
Butt Valley Res. 2002 June 12.1 9.2 10.4 30
at Caribou Intake 2002 July 18.7 1.7 15.0 31
Near bottom 2002  Aug 210 . 184 20.0 31
(BV2-B) 2002 Sept 20.8 18.2 19.3 30
Butt Creek above 2002 June 18.3 8.5 13.9 30
Butt Valley 2002 July [189 .} 103 147 31
Reservoir 2002 Aug " 177 8.9 13.1 31
(BC1) 2002 Sept 153 7.6 11.1 30
Butt Creek below 2002 June 11.1 10.2 10.6 30
Butt Valley 2002 July 112 10.5 10.7 31
Reservoir 2002  Aug 112 10.4 10.7 31
(BC2) 2002 Sept 1.1 10.2 10.5 30
Butt Creek at 2002 June 13.3 9.6 11.5 30
Mouth 2002 July 13.9 11.1 12.4 31
(BC3) 2002 Aug 140 10.8 12.4 31
2002 Sept 13.6 10.5 12.0 30
Caribou No. 1 2002 June 14.9 10.6 12.7 5
Powerhouse 2002 July 213 11.8 19.3 29
[corrected] 2002 Aug 7 222 18.9 21.4 31
(CARBI) 2002 Sept  21.6 18.0 19.7 30
Caribou No. 2 2002 June 22.4 14.7 19.3 30
Powerhouse 2002 July 7247 198 23.2 28
[corrected] 2002 - Aug  24.0 21.3 22.5 31
(CARB2A) 2002 Sept 22.6 18.1 19.9 30
Belden Reservoir 2002 June 21.8 17.8 19.5 30
At [ntake 2002 July (230! 19.0 21.5 31
(BD1) 2002 Aug 229 21.2 21.9 31
2002 - Sept 21.9 18.5 19.8 30
NFFR below 2002 June 19.3 15.6 17.4 30
Belden Dam 2002 July . 214 177 19.4 31

@N_FS)?? , 2002 Aug ESEX. 199 207 31.
- 2002 Sept 21.3 15.8 18.8 30
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Appendix A (Continued)

Daily Temperatures ' Data

Station Year Month  max min mean ___ Days
Mosquito Creek 2002 June 15.6 10.5 13.0 30
At mouth 2002.. July {167 129, 147 31
(MC1) 2002 Aug 164" 120 13.9 31
2002 Sept . 14.7 10.8 122 30
NFFR near 2002 June 21.3 14.7 17.1 30
Queen Lily 2002 July 229 16.8 19.5 - 31
Campground 2002 Aug %2?9 18.6 203 31
u) 2002 Sept 14.4 18.0 30
NFFR near ,2002 June 225 [, 143 17.5 30
Gansner Bar ., 2002 July 7 g@;}k 16.3 19.7 31
- (NF7) “2002%  Aug 238 17.3 20.1 31
s 2002 Sept 230 139 176 30
East Branch 2002 June 25.1 15.8 20.8 30
NFFR at mouth . 2002 July 72657 205 23.8 31
"~ (EB1) 2002° Aug 254 18.5 21.8 31
2002 - Sept 22.7 15.5 18.2 30
NFFR at Belden 2002 June 239 15.1 19.4 30
Town Bndge 12002, July ggjﬁjxi 182 214 31
(NF8) 2002 Aug (=247 17.2 20.7 31
E— 2002  Sept 23.2 148 180 30
Belden 2002 June ~ 18.8 173 « 18.0 7
Powerhouse 2002 July 228 18.7 . 212 29
(BD2) . 2002 Aug (228" 212 218 31
2002 Sept 21.9 18.2 19.8 30
"Yellow Creek 2002 June  18.9 108 150 30
Near mouth 2002 Juy {201 146 171 31
(YCD) 2002 Aug 19.2 12.7 15.6 31
' 2002  Sept 16.5 11.0 13.1 30
Chips Creek " 2002 June 194 8.9 13.6 30
Near mouth 2002 July | 21.0 133 16.8 31
(CHIP) 2002~ Aug 206 124 159 31
2002 Sept 18.6 10.8 - 13.7 30
NFFR below Rock *  --- - - - C— -
Creek Dam - - - - - -
f k. (NF9) t)f - --- - - --- e
NFFR at NF-57 2002  June 224 - 18.8 20.3 5
Insitu_Recorder. 2002 July { @Eﬂ}}g@ 19.2 21.3 31
CRONE10)e: 4 5 2002 Aug 233 199 212 31
. 2002 Sept 21.9 17.3 19.1 30
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Appendix A (Continued)

Daily Temperatures ' Data

Station Year Month max Min mean Days
Milk Ranch Creek 2002 June ]88 8.6 14.0 30
Near mouth 2002 July (7204 ° 125 16.4 31
(MR1) 2002 Aug 19.6 11.2 15.0 31
2002 Sept 17.0 9.6 12.7 30
Chambers Creek 2002  June  19.6 y/ 6.9 13.7 30
Near mouth 2002 July 21.4 712.8 16.9 31
(CHAM) 2002 Aug 21.0 11.2 15.7 31
: 2002 Sept 18.9 9.7 13.8 30
NFFR near Tc;t;in . 2002 June 14.0 18.6 30
blw Granite Crk /2002~ July 18.2 215 31
((NE11). o] 2002 Aug 178 21.0 31
"’ 2002 Sept 16.2 18.8 30
Jackass Creek 2002 June 19.8 7.3 14.1 30
Near mouth 2002 July (21270 128 17.0 31
(JKC1) 2002 Aug 20.3 11.8 15.9 31
2002 Sept 184 105 14.2 30
NFFR abv Bucks 2002  June ' 186 30
Creek 2002 . July 21.6 31
/ '(NFIZ) 3 2002 Aug 21.0 31
e 2002 Sept 18.8 30
Bucks Creek 2002  June 217 | 9.7 16.0 30
Near Mouth 2002 July (235% 139 18.6 31
(BUCK1) 2002 Aug 219 12.1 16.9 31
2002 Sept 19.2 10.1 14.0 30
Bucks Creek 2002 = June 199 | 122 15.6 27
Powerhouse 2002 July ¢ 20.0"j 15.2 16.7 26
(BUCK2) 2002 Aug 183 13.2 14.3 21
2002 Sept 15.2 12.4 13.0 30
NFFR abv Rock 2002 June 18.6 30
Creek Powerhouse 2002 July 20.7 31
L (NF13) i 2002 Aug 19.3 31
—— 2002 Sept 1 _6.3 30
Rock Creek 2002 June 20.3 15.5 18.1 30
Powerhouse 2002 July 22.8 19.3 21.3 31
(RC1) 2002 Aug {228 20.2 21.7 31
2002 Sept 22.0 18.1 19.8 31
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Appendix A (Continued)v

Daily Temperatures ' Data

Station - Year Month  max Min mean Days
Rock Creek 2002 June 18.8 10.3 14.8 30
Near mouth 2002 July (7207 15.5 18.1 31
(RC2) 2002 Aug 203 14.6 17.1 31
12002 Sept 18.0 13.0 14.8 30

NFFR abv Grizzly 2002  June  21.8 157 184 30
Creek * 2002 July ABEEET\ 198 212 31
CNFT4) ™5 2002 Aug . 189  20.7 31
—TTTT0 2002 Sept 213 170 185 30

Grizzly Creek 2002 June 204 11.0 15.9 30
Near mouth 2002 July 2277 159 19.3 31
(GR1) 2002 Aug 223 14.9 18.0 31
2002 Sept 19.2 12.7 15.0 30

NFFR atNF-56 2002  June 226 150 184 30
blw Grizzly Crk 2002 July {235 19.1  21.3 31
((NFI5)". ] 2002 Aug @552) 182 206 30
72002 Sept 219 165 184 30

NFFR abv Cresta 2002 June 229 14.8 18.7 30
Powerhouse 2002 July E9n - 1 19.1 21.7 31
CONFI6) » 7 2002 Aug 236181 209 31

' 2002  Sept 219 16.3 18.5 30

Cresta 2002 Juneb 21.1 15.9 18.5 30

Powerhouse 2002 July [722.8 20.0 214 30
(CR1) 2002  Aug . 228 19.3 21.0 31

2002  Sept 212 17.1 18.7 30

Middle Fork =~ 2002 June 229 140 . 182 30
Feather River . 2002 July | {253 . 19.1 219 . 31
At Milsap Bar 2002 Aug 24.4 17.3 20.3 31

(MB1) 2002 Sept 214  IS1 73 26

1. Values are based on hourly average data, month statistics represent the maximum,
minimum, and mean based on these hourly average temperatures. For example,
the maximum June temperature represents the maximum hourly average
temperature measured in June.
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APPENDIX B

REVISED WATER TEMPERATURE MODELING FOR THE ROCK CREEK-
CRESTA HYDROELECTRIC PROJECT - FERC PROJECT NO. 1962
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