
Jnofflclal FERC-Generated PDF of 20040430-0171 Received by FERC OSEC 04/26/2004 in Docket#: P-2079-000 

Placer County Water Agency 
Power System: 24625 Hani lon  St. • Mail: P.O. Box 667 • Fo~ghi l l .  California 9563 I 

(530) 367-2291 (530) 885-6917 FAX (530) 367-4440 

A Public Agency 

BOARD OF DIRECTORS 
Pauline Roccucci • Alex Ferreira 

Otis Wollan • Lowell Jarvis 
Michael R. Lee 

David d. Breninger. General Manager 
Ed l~edemann. General Counsel 

April 21, 2004 

Mr. Takeshi Yamashita, Regional Engineer 
FEDERAL ENERGY REGULATORY COMMISSION 
901 Market Street, Suite 350 
San Francisco, CA 94103 

Re: FERC Project No. 2079-CA 

Dear Mr. Yamashita: 

By letter dated April 8, 2004, we sent copies of ten documents to provide you information to 
assist in understanding and evaluating the Middle Fork Tunnel Surge Shaft situation, particularly 
leakage, ground water levels and geology. These documents were sent in response to John 
Onderdonk's request for information that would assist in evaluating our request made by letter to 
you dated February 6, 2004 for a one-year extension to the schedule for installation of  a steel 
liner in the surge shaft to mitigate leakage from the existing cracked concrete lining in order to 
significantly reduce water leakage through the shaft lining. The purpose of  this letter is to serve 
as a transmittal letter for the remaining documents to assist in your evaluation. 

Enclosed are one copy each of  the following documents: 

. Summary of  Weir) Flume, And Well Monitoring Data, Middle Fork Surge Shaft, 
(Period May, 2000 to August, 2003) prepared by Piedmont G-eoscienees, Inc,, and 
PG&E Geosciences Department, dated April 13, 2000 

. Middle Fork Tunnel Leak Down Test and Debris Flow Visit, Memo by Jon Mattson, 
dated June 24, 2003 

. Middle Fork Surge Shaft - Artesian Pressures in Slope, Memo by Richard C. Harlan, 
Dated December 23, 2002 

. Graph of  Hell Hole Reservoir elevation and spill on January 2, 1997, 3:00 &m. to 
10:00 p.m. 

. Five color cross-sectional diagrams showing ground water levels on 6/14/02, 7/18/02, 
10/14/02 and 1/19/03 @ 
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. Analysis of Surge For Middle Fork Tunnel Surge Tank~ and Penstock - Draft, 
Bechtel, Dec, ember, 2003 

If you have any questions, please call me at (530) 885-6917. 

Sincerely, 

PLACER COUNTY WATER AGENCY 

Stephen J. Jones 
Power System Manager 

Enclosurc 

cc: David Breninger 
Kevin Goishi, PG&E 
Richard Harlem 
Edward Tiedemann 
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PLACER COUNTY WATER AGENCY 

POWER SYSTEM 

MEMO 

DATE: 6/24103 

TO: Steve Jones 

FROM: Jon Mattson 

SUBJECT: Middle Fork Tunnel Leak Down Test and Debris Flow Vhlt 
June 21, 2003 

Steve 

On June 21, we performed the leak down test on the Mdd~e Fork Powerhouse tunnel. 
The fest began af 0715 hours. B/! _Fmmerich ran the fesf from the MFPH, and Ken 
Hofferber closed and opened the intake wheelgate. The test was completed at 0930 
hours, after the rate of decrease in water level had tapered off considerably. See the 
at tached Exced charl and spreadsheet. In just over 2 hours, the water feved dropped 
about 35 feet. PG&E will produce a report of actual times and elevations from the data 
k ger. 

Gregg Korbin and I also inspected the debris flow area and surge tank. We arrived on 
site about 0615 hours. Bob McManus, Tom Sawyer, Bill Page, and Joe ;~;~ were at the site 
probably startfng about 1030 hours, until earty evening, though we c~dn't see them whle 
we were there. There were noticeable increases at most of the we~s/flumes. These win 
be downloaded and chaded by Todd Mihevc. Of note were a new spring in the road 
above fJume 6, the k]rge increase in flow from flumes 6 and 12,/narease in the spdngs 
above fhe saddle area to about 10-15 gpm, and the overtopping of flume 2, which will 
have to be estimated. Substantial flow seemed to be contributed from spring I 11 from 
the Slump area to the west, though there were no large point sources V'k~ble. It was also 
apparent from wet areas that the surge tank leaks at  the base. 

Folowing are some photos of the site visit. 

PCWA Power System, Foremhi# 1 of 6 ./on Mattson 
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Date Time 
6/21103 

Pressure HHRes Head 
7:t5 907 4628.35 2093.1 
7:20 805 2088.5 
7:25 902 2081.5 
7:30 900 2078.9 
7:35 899 2074.6 
7:40 899 2074.6 
7:45 898 2072.3 
7:50 897 2070.0 
7:55 896 4628.36 2067.7 
8:00 896 2067.7 
8:05 895 2065.4 
8:10 895 2065.4 
8:15 805 2065.4 
8:20 894 2063.1 
8:25 894 2063.1 
8:30 894 2063.1 
8:35 894 2063.1 
8:40 893 2060.8 
8:45 893 2060.8 
8:50 893 2060.8 
8:55 893 4628.37 2060.8 
9:00 893 2060.8 
0:15 892 2058.5 
0:30 892 2058.5 
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Road above Flume # 6 -  6/21/03, about 7:30 a.m. 

Flume # 6 -  6/21/03, about 7:30 a.m. 

PCWA Power System, Foresthill 2 of 6 Jon Mattson 
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Spring 108 above Flume # 6 -  6/21/03, about 7:30 a.m. 

Flume #12 -6/21/03, about 7:00 a.m. 

PCWA Power System, Foresthill 3 of 6 Jon Mattson 
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Spr ing  111 area  below flume # 1 2 -  6/21/03, about  8:15 a.m. 

Channe l  area  above Wei r  #2 - 6/21/03, about  8:30 a.m. 

PCWA Power System, Foresthill 4 of 6 .Ion Mattson 
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Flume #2 slightly over topping-  6/21/03, about 6:45 a.m. 

Flume # 3 -  6/21/03, about 6:30 a.m. 

PCWA Power System, Foresthill 5 of 6 Jon Mattson 
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MEMO 
Date: December 23, 200~2. 

To: Stephen J. Jotaes, PCWA 

From: Richard C. Harlan 

RE: Middle Fork Surge Shaft - Attesi~ Pressm~ in Slepe 

RICHARD C. HARLAN 
(I~'SULIII~ (M'L ~ ~ECHNICqL E~,INtER 

Proj~t No. 16"/ 

As requested, I haw made a brief evaluation of  the effect of  the artesian condition in the slopes downhill from 
the MF Surge Shaft on the stability ofthoso slopes. For refertm~ refer to Slide No. 6 in the Hydrologic 
Presentation made Nov. 6, 2002, by PohlL Please note there is an error in plotting the depth oftlm piezometers 
(transducors) in Boring B6 on that sfide. They a~  appanmtly plotted by depth in feet on oroas seetion C-C 
which has a scale in meters. Those piezometcrs are substantially higher than plotted on that slide (they are 
actually about 1/3 of  the depth shown). 

At the time of  the analysis shown on Slide 6, the surge shaft water level was at Elev. 4544 fl (1385 m). There 
are no m'tesian prtmsures at Boring B2. However, further down the slope at B6 there is a uniform artesian head 
of  13 feet (4 m). That the head is uniform is questionablc aml timre may be some error in the system (such as a 
leak along the hole). At B5 thewv is little or no artesian pressure but the piezometric head at the lower two 
transducers is at or slightly above the ground surface. 

At any time that the piezomeUie head is at or above the surface of  a soil slope, there is concern for stability, 
p~ficulm'ly when the slope is relatively steep. Below the surge shaft, slopes are in the range of  1.75:1.0 (Horiz 
to vert). Such a slope, ffa relatively high soft s~mgth of  46" is ~surned, has a factor of  safety a sms t  sliding 
of  about 1.8 ~ u t  seepage/m~mm~l However, if  the water level rises to the ground surface the factor of  
safety drops to 1.0. Thepresant shuafionisfl~the~islm~bablyaverylow factorofsafetyinthe slopebelow 
the surge shaft, ~ 1.0, and stability only exists b~ausc of  high smmgth in the colluvium and some 
reliefofseepage pressures at the various springs. 

However, now co~ider the sitoation when Hell Hole r~ervoir fills again and the surge shaft water level rises to 
4630, some 86 feet higher than at the time of  the conditions shown on Slide 6. The rise in pressures at the 
piemometers will not be a simple proportion of  the rise at the surge shaft, but because of  the mtesian condition, 
which is caused by restriction of  the exit flows on to the slope, the piezometrie pressures at all of  the 
p i e g o r n ~  will rise dispmtxa'tionately and should be expected to be significantly artesian. The stability of  the 
slopes under such conditions is gnmfly r e d m ~  and is undoubtedly what led to the debris flow failure in January 
1997. 

Please let me know if  you need further aaseasmemt of  this condition. 

Rie.lmzd C. Had~  

55N~Mo'~gc~S~aet.No. 724 S a n F ~ , C A  94105 emai ~ . n e ¢  
Phme415 • 541 • 9445 F~415 • 541 o ~ C~I Pho~415 • 716 • 1269 
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SUMMARY OF WEIR,  FLUME,  AND W E L L  M O N I T O R I N G  DATA 

MIDDLE F O R K  SURGE SHAFT 

Period of Record May 2000 to August 2003 

Placer County, California 
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Prepared by: 

T.M. Mihevc, S.N. Bacon, and T.L. Sawyer 

Piedmont GeoSciences, Inc. 

and 

/ 

/ 
/ 

W.D. Page and R.A. McManus 

Geosciences Department, Pacific Gas and Electric Company 

Prepared for: 

Hydro Generation Department, Pacific Gas and Electric Company 

/ f ~  April 13, 2004 

1 PIEDMONT GEOSC,ENCES, ,nc" 
10235 Blackhawk Dr. • Reno, Nevada 89506 • 775-972-3234 
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1.0 I N T R O D U C T I O N  

This report presents a mmmmy of all weir md well monitoxin8 dam for the period of r e ~ d ,  

May 2000 to ~ 2003, to help with the hydrogeo~ ev~uatioe of the Middle Fork 

Surge Shaft. The monitoring data were collected and ~mplied by Piedmom GeoScie~es, 

Inc. under the technical direction o f P C _ ~  Geosciences, Department for the PG&E Hydro 

Generation Departmem. Additional data for the Surge ~ water levels were provided by 

Mr. John Hollfelder, PG&E Geosciences Deparune~ These dam are pert of the on-going 

monitorin8 of several weirs and observation wells, or piezomete~ in the project area (Figures 

1-1 and 1-2). Various relstiomhips between surge shaft water levels, calculated from head 

meammunents ttken at the Middle Fork Valvehotm~ and weir discharge or hydraulic head 

meuured in the observation wells are illustr~ed in this r epe l  The prc~ssed monitoring data 

for the weirs and wells are enclosed on the CD-ROM includ~ with this report (see pocket). 

1.1 CHANGES MADE TO MONITORING EQUIPMENT 

Several ~ ww~ n u ~  durin8 the period of record" 

I) Imtallafion of  a new mtonmted weir m o n i t o ~  station, weir 10 to capture 

flows from sprm8 205 in June 2002. 

2) In Jammry 2003, automated monitorin8 equipment at w e ~  2, 7, 8 md 9 w u  

removed becatme mqer more tlmn 2 years of data oolle~on at these sites no 

new infommion conml~in8 to undentandi~ the hydroseolosic conditions in 

the MeluUm Formation w u  bein8 collecte~ 

3) In J anm~ 2003, V.4mtc~ weirs 1, 3, 6, and 11 w~fe replm~ with H-flumes 1, 

3, 6, and 11, ~ y ,  to improve the aectncy at higher flows and to 

~ncrease ~e  ~ ofthe ~ 

4) Imtallation of  H-flmnes F7 md F2 in Jmuary 2003 to collect data from sprinp 

]09 and 10S, and ~om sprin~ h i ,  ]08md 109, n ~ v e l y .  

5) Con~letion ofborinss 114 and BS, and drain b o t ~  DI, D2, D3, D4, and D5 

in September, 2002 (for more infommion oa throe borin~ see report entitled 

"Data from Middle Fork Borinss B4, BS, and Drains, Middle Fork Tunnel and 

Summmy o l iv ine  F~k Mmitor~8 Dm 
Piedmom GeoScim~ mi  P G ~  
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Surse Shaft, Placer County, California", dated January 30, 2003)(Appendix 

A). 

The H-flumes were installed in an effort to more aco.~tely meuue di~.ha~. Ik~et-  

~ v a u : h  ~ indicated that the V - n c ~  weirs unde'mhnate ~ pmio.~dy 

those above about 35 to 45 8pro. A comparison of the V-not~ weir and H-flume discJuu'se 

meuurenu~s i n d i ~  tlmt on averse fl~ flume memured flows exc~ed weir measur~ flows 

~ ~  n perce~ 

In the subsequent sections we provide a description of  the hydmseolosic conditions and 

monitotin8 data at the ]Vfiddle Fcn'k Stn'ge Sha/~ area and l~'esent these dat& The weir data are 

presented alon8 with the H-flume daut for those wein, that were replaced with flumes (Le., 1, 

3, 6, and 11). Data from new monitori~ statiom, H-flumes 1~2 and F7, are presented 

~ , , t e ~  in addition to piemmetm. 

Si~mwl of Mkld~ F~k Mm~od~ Dm 4 
P/~Imom Gm&dmom ~I PG&B 
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Thin section of the report discuum the groundw~r conditio~ in the hiilslope a~mnd thv 

mrge shaft. First the conditions prior to the ~ of the Middle Fork hydroelectric 
I 

project as best we can reconme~ and second, the coeditiom a f ~  the tmmei and surge slm~ 

were in opmmion. Most information is from the demiled'mmsuremeets of spring flows and 

piezometer readings that started in May 2000 and is summarized herein. ~ data are also 

included as digital files in Appendix B. 

2.1 PRE-PROJECT (NATUnAL) C O N D m O N S  

Little is known of the groundwater conditions prior to building the Middle Fork tmmel and 

penstock and construction notes are few and i ,  some cases incomplete. One spring. Spl21, 

iuuing from the metamorphic rock is a rotund spt~g that was treed u a source of water 

ctu  consuuam of penstoc  

d l B  

o 

J 

i t  

i 

Construction note8 and logs of the Middle Fork surge shaft document that ~ springs 

and seeps were encountered i .  the Mehrten Formation ~ its excavation, but that the 

underlying metam~hic  roc~ was relatively "tight" (Figure 2-D. Although these ~ are 

incomplete, we know that excavation began August 5, 1964 and proceeded from top to 

bottom with 8ezendly two shiem working per day. Water emtedn8 the shaft overnight had to 

be pumped out prior to each workday. When the excavation reached a depth of  500 feet, the 

shaft would fill with as much u 35 to 50 feet ofwatm" ovemisln. However, with the omet of 

the imeme December 1964 stem/flood event all construction activities abruptly ended on 

Deoember 17. At that time the mrge ~t.fl excavation extended to a depth of 512 feet, 

~npleUdy ~ u g h  the ~ Formalin and 10 to 15 feet into the underlyin8 Shoo Fly 

m~unorphic rock. When ~ r e m n n e d t w o m o n f l m  later, onFebmmy 19, 1965, the 

excavation had filled with 200 feet with warm'. In additim to pumpins, drain borings w a e  

drilled throush the bottom of the ma'ge sha.q excavation 8rid into the M3ddle Fork tmmel to 

control the seepase. 

a 

Su~m7 of M ~ k  F~k l ~ a ~  IXm 
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Thus the consmtction records are intm]xeted to indicate that the strait water level in the 

Meln'ten Fommfion at the Ralston spur ridse, prior to fillin8 and ~ the Middle Fork 

ttmnel, vats at an approximate elevation of 4318 feet din'in8 the winter of 1965. 

2.2 POST-PROJECT CONTIONS 

2.z.l Sprtu~p mesr e~e surae suaa 

More than 4O springs and several additional seeps (moist areas Senerally with no free warn') 

occur within • 2.3 mile (3.7 kilomet~) raditm of the 19fiddle Fork surge shaft, with the 

majority kx~ued within 0.7 m i ~  (1.1 ki]ommaO (F'~urm 1-2 and 2-2). Moa ofthe springs 

and seelm diVerSe from the lower 100to 120 fest of the Mehrten F o ~  or at the 

M ~ h o o  Fly contacL The slxinsa alon8 the contact account for the 8xeatest total 

discharge (Fisure 2-2; Table 2-1). The common occurrence of sprinss alon8 the contact 

indicates perched groundwater conditions within the Meluu~ Fommtion, that likely extend 

100 Io 120 feet above the contact under nalm-a] Brotmdw~e¢ conditions, based on the 

8eomorphology of the nprin8 areas. Specifically some of these nprin~ for example Spll2 

and Sp400, are in well-de,ned sappin8 bowb (i.e., where npdn8 flow has eroded f~e-srdned 

materials produdn8 • bowl-shaped topographic depresdon) su88esdn 8 that these sprinss pre- 

date the project, Only a few minor sprinss and severd seeps have bee~ found in Shoo Fly 

bedrock, the most significant in terms of  discharge is spring Spl21, the nmaml spring used as 

a water souse dudn8 c o m m c t m  

The Srestm den~. " of ~ i ~  mt the hlshm-di~-ging ~xi~¢~ omu north of the ~ 

draft, inthe area ofthe 1997 debris flow (FiBure 2-2). ~ eprinss rare ~enendly minddem 

with • l~deo-valley o~ uouSh in the top of the impemu~e  Shoo Fly bedrock, where the 

uoush imene~ the muth wall of the Middle Fork A m m ~  Riv~ canyon (see inset, F'q;ure 2- 

3). Diselarse flora the various individual spr i~  in this area varies mmiderably from less 

than I to greater than 300 8pro (Table 2-1). In addition to the presem report, information on 

sprinSs in the project arm is provided in the (ktoba" 31, 2000 repmt by Coeoe Shirm & 

and othen (2000XAppe~ A). 

Seamy ef~dd~ Ve~ ~ Dm 6 
l~edmem CkeScka¢~ a~  PGm~ 
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We found the remains of one 90° V-now.h wooden we/r north of the surse shaft at spring 

Spll2 (Figure 2-2) and a reco~ of flow meamummm~ that we believe are from this weir, 

.mmugh ~e  mini  kz~ion m uncem~ ReS~Um, t ~  r~ord provk~ m ~  

evidence thin spd~  flow near the surge shaft has been hfluenced by head in the tunn~mrge 

shaft system for nearly three decades and likdy from tl~ onset of facility opermio~ as has 

been ~erred by the PC_~ Bom~ of Comu~m~. Mr. Victor Wrist .  comolmm m l ~ W &  

w ~  the fir~ to ~ m~t repo, t ~  ~ o m ~ o  i ~ e d  on ~ s  weir reco~ ~ 8 ~ .  

1976). The record provides flow meuuremeuts of 56 8Pm prior to unwaterin 8 the Middle 

Fork tmmel for repairs in October 1975, when the warm- in the mrse shaft was at an elevatinu 

of  4407 feet, and reduced ~ i n 8  flow of 5 8pm drain8 the time the tunnel was unwatered 

(Cotton Shires & Auoc ia~  and othe~ 2000XAppendix A). For ¢omperim~ flow at ~mn 6 

Spll2 was 93 8pro in July 2001 at the same mrse shaft water level (Appendix B). 

Apparently under cm'rm2t conditions flow at Sp 112 has increued by ~ y  66 percent 

(or these mmmremems are from two different sprinp). If  spring flow tm  significantly 

incrmsed, then the inc~ue likely results from erosion/pipin8 of fractures ~don8 the 

8roundwater flow paths in the Mehrten and weathered Mehrten Formation. Also pmm'bly 

umaistent with ~ flows is the l o~ ioa  of the old weir renmams. ~ then bein8 in 

a position to capture the enlRe Sp112 discharse, the weir remnants lie below only one of  two 

main d ischa~ poims. We infer that the sotalm'n discharse po'mt did not etiat at the time the 

old weir was installed. 

I 

a 

7 Sm~m~ ~ Foe ~ Dmm 
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3.0 MONITORING DATA 
I 

After monitofin8 the weirs manually for several months in 200O, we established a system to 

nm, nitor the spdn8 d i s c ~  with automsted equipment st mot'e than a dozen weirs or ~ 

installed in the project area from October 2000 to January 2003 (Fism'es 2-2 and 3-1). 

Discharge mcamrememU were made st ~ of 10 to 20 minutes, or less t h r ~  the 

pedod of record. Initiilly 90° V - n o ~  wain w~e ingalled, but m t h ~  of the Iow~ flowing 

w e ~  (W6, W7, wg) the V-notch was c h a n ~  to 60° (F'~.u~ 3-2) to incmu~ the nude (i.e., 

resolution) of rase ]eve readins,. Subsequent "b.cket-and-mopwa~" flow mesm.~em 

indicste thst the weir ~ underestimste flows above about 35 to 45 8pro, by an 

averase ofappmximste]y 11 percent. Therefore st six locstiomH-flumes (Figure 3-3) were 

inmaned to more acoJrmely meamre flovn st the hish~ di~harsins m~ins.. 

The data collected st each of the monitofin 8 statices is briefly disoJued in the following 

sections and h~  been included as compt~m- files in A p ~  B. Cha~g~ in w~r/~ume (i.e. 

spfinS) flows with chlms~ in sm'se slmfl wster leveis are disoJUed in Sectkm 3.3 (below) . 

Several esrlia" project reports contain additional information on the monitorin8 equipment. 

data and analyses, see for example the reports entitled: "M~i~ Fork Funnel andXvrge Shufl 

a.d H ~  Dam P.epon (Period 8¢pmmber. 2OOO to .]mw, 200Z) P/,m:er 

C o . ~ ,  C+~/w,m" dsted AuSu~, 2001 (Piedmont C, eoSdem~ and PC,mE C, eom:ieom= 

Deparute~ 20o]) and the "HTdrt,SeoIo~¢ ~ MMtilt Font m S ,  s&#t and Tsnne~ 

P ~ t , "  Co,tory, ~ (Piedmont C, eoS,:ien~ ~ d  ~ O e o ~ i e t ~  

2 0 o 2 X ~  X). 

The significanco of flows drain8 anmml outaSm is disomed in Section 3.3.1. 

3.1 M O N I T O R I N G  DATA DISCUSSION 

W~/Flume  l--We~r/flume I is within the nmrsins ofthe 1997 debris flow scar and ~ 

d i ~  from sprin 8 Sp114, which has several disclm'se poims dism'buted alon 8 the contact 

between the Meln'tm Fonmstion and Shoo Fly Complex (l+ism'e 2-2). Weir 1 was replaced 

e l  
Smmmml~ e/'midkae l~dc ~ Dm 
Piedmont ~ sad PCdkE 

8 

e l  
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! with an H-flume in January 2003. The 3-year period of record for weir/flume I is oonfimmw 

and presented in lrqgure 3-4 alon8 with surge s h ~  water leveh and ia~pitafio~ During the 

period of recocd, weir/fltmm 1 had daily averase diacharges thaX ransed between 0 and 110 

gpm with a meaa flow of 50 8pro (Table 2-1). In addition to 8mundwater discharge, 

precipitation even~ contn'buteto flow~ at weir/flume 1. ~ain even~ onthe hydrosraphare 

by • very rapid increase oll the rising limb and a slower decrease on the 

recenion limb. The influence of significant rain events on'we~r/f~L~ne l dischar~ is reflected 

in the higher flows (spikes) during the 2002 and 2003 rainy season (Figure 3-4). The weir 1 

pool had a tendency to partly fill with sediment, which was removed eac~ time the monitofin 8 

dala was downloaded. The weir was replaced on Janm~ 4, 2003 with an H-flume because 

they anow ~diment to tam and ing,eve ndiabi]ity. 

J 

The weir/flume 1 hydrolFaph shows two significant stepped increases in flows in the early 

The first is recorded in the early Sprin 8 of 2001 and 2002 that coincide with a surse shaft 

water eievatlon of approximteh, 4450 feet (Figure 3-4). The .eoond, lesser stepped increase 

is evident in May, 2001, 2002 and 2003 when the surge shaft w a ~  elevation nmsed from 

4515 to 4560 feet. As di~umed in a followi~ mection, these step ftmctiom in 

discharge may be related to a c ~  from unconfined to oonfined aquifer conditions. 

~ W e i r  2 is located below the oontact between the Mehrten Formation and Shoo Fly 

Complex within the 1997 debris flow chute. The weir is situated within the nain wateruamm 

th~ flows down the axis of the 1997 debris flow scar and mealmru flow from eq~rinss Spl08 

and Spl09 (combined flow of flume 7), Sp401, Sp l l l  and Sp114, and drains DI-D5 (Figure 

2-2). Au/omatedmonitod~ equipmem was removed from weir 2 o~ JanmaT 4, 2003 to be 

installed upstream at the site of flume 2 (Figure 2-2). The p e ~ d  of  record for weir 2 is 

¢onlimmus ti~om October 2000 to J a n u ~  2003 and is presented in lrtgure 3-5. Drain8 the 

period of  reomd, weir 2 had daily avaage diw, h a r l ~  that mased ~om 0 to 200 8pro with a 

mean flow of 30 8pro ('rable 2-1). The weir 2 pool reoeives oonsidendde sedimeat from the 

1997 debris flow scar, whie, h was removed eaoh time the nmeitmin8 data w u  downloadecL 

Cunm~ mmad readinss m mede dari~ eeoh dm.downk,ad v i ~ .  

Sm=mmy of l~ddle Fmtk Mo~am~ Dnla 9 
Piedmom GeoSciemx= aad PCat.E 
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I Flow at weir 2 commences when the surse sha~ water level reached an approximate elevation 

of 4500 fl (Figure 3-5). Like weir 1, weir 2 also shows a siSn~cant stepped increase in 

when the surge sha/t water level reached an spproximate elevation of 4550 feet. 

I 

a 

~ j c - F l u m e  2 is near the Mabrten/Shoo Fly contact and within the 1997 debris flow 

scar. 1"ne florae passm flow from the main ~ flowing down the axis of the 1997 

debris flow chute, specifically flow from springs Spl08 and Spl09 (combined flow of flume 

7), Sp401, and Spll4 (Fisure 2-2). On 4 January 2003 this H-flume end 

automated monitorin8 equipment were installed. The period of record for flume 2 is 

presented in Figure 3-6. Durin8 the period of rec, ord, Jammry 2003 to September 2003, flume 

2 had daily averase discharges that ransed from 5 to 175 8pro with a mean tknv of 90 8pro 

(Table 2-1). Like weir 2, flume 2 receives considerable sediment from the 1997 debris flow 

scar, which passes without obsln~in8 flow. In June 2003, when Hell Hole Reservoir was 

spilling, flow exceeded the capacity of the flume resultin8 in water ovenoppi~ the rim of the 

flume pool and then flowin8 thronsh edjacem flume 11. Like weirs 1 and 2, flume 2 also 

shows a stepped increase in flow whcn the surge sha/i ~ level reached an approximate 

elevation of 4550 feet. 

~ W e i r / f l u m e  3 is nearly 150 feet downslope aed about 300 feet north of the 

Mehnm/Shoo Fly contact, east of the 1997 debris chute. The weir/flume measures flow from 

spfin8 Sp112 (F'~ure 2-2), the largest dischargin8 sprin8 in the surge sha/t aree. On 5 January 

2003 the V-notc.h weir was replaced with an H-flume to better meamme the flows. The period 

of record for weir/flume 3 is comJmmus and presented in F'~,~re 3-7. Durin8 this period, 

weir/flmne 3 daily averase disclmr8~ ransed betweem 40 and 370 mxn with a mean flow of 

155 8pro (Table 2-1). Weir/florae 3 is installed on coarse alluvial materials that allow some 

minor undedtow. 

From Mmch IS to April 7, 2003 a "Drain Test" was com/ucted to evalua~ if a hydro~/c 

connection exisu betwem Spn2 a n d e s  nearby dmim DI-D5 (Figure 2-2). The test was 

prompted by the observation that Spll2 disc]mrge became tmbid and dramatically decreased 

dining drining of drain D3, which exh~%ited a seemingly corrmpondin8 increase in discharge. 

S ~ m ~  o f ~  1 ~ ~  ~ 10 
l:qedmom C.~oSck~a .-~ ~ 
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Durin 8 the test, which consisted of closing flow valves at each of the five dntias, flume 3 

disclmrSe increased approximately 160 8pm (Fisme 3-7). This dramatic response confirms 

tim • hydrolo~ connection exists throush the Mehft~ Formation between the drains and the 

sprin8 and, fu f l~ ,  that ~eins provide an efl'ective meam to help control sprin8 disclm~. 

I 
I 

Durin 8 a 2 month per/od in the Sprin 8 of  2002, weir 3 flows increased from 115 8pro to 285 

8pro. Despite a continuowly increuin8 surse shaft wat~ level, flows subsequently decreased 

to 220 8pro in May 2002. The overall increase in weir 3 disdmrse followed the 2001-2002 

precipitation m i n e  (Yi~ure 3-7) and, ~ may reflect a m c m ~ t i o e  of  n a r d  

8roundwate~ consistent with results from isotopic analysis of Slz~n8 waters (discussed in 

seuioe 3.2). 

Weir 3 also shows a stepped increue in flow in the Spt~n8 of 2002 when the water in the 

surse slafl is at etevatim abom 4480 feel 

Wdr 4---Weir 4 is located adjacent to the valvebouse access road (USFS t4N22) and 

memmres flow from sp~n 8 Spl06, ~ d i sch~m at the base of  road fill that sppems to 

cover a disclmrge point/area along the Mel~m~hoo Fly contact (Fisure2-2). The period of 

recaxd for weir 4, Octobm- 2000 throush July 2003, is contimmus and presented in FiBure 3-8. 

Weir 4 daily averaSe disclmrBe for the period of record tenses from 5 to 65 8pm with a mean 

flow of 25 8Pm (Table 2-I). As a consequence of the ve~ small drainase area, weir 4 

~ ' b i t ~  only r ~ y  minor c~uu~es ~ * ~ m ~ u ~  pn~ipitsti~ ~ of 

the rainy seuons of 2000 throt~h2003 (Fibre 3-8). ~ i n  weir 4 discharse follows 

seuonal water lew.ls in the mzqse slmfl, but not the daily or weekly ctmnsm (dimmsed m 

Section 3.3). 

~TE.x~--Weir 5 is adjacent to we~" 4 alo~ the valvelmme acceas road and is in a ~ 

drximSe cham~ dm he~h at the ~[,ddle Fork mrse tank (F~ere 2-2). Weir 5 meam~ 

disclmse from sevz~ sprinss ~ the Mehnm/Slmo Fly contact, Spl03, Spl04, Spl05, 

~d SpraT, mt  from .vo Sz~S~ SpZ~ mi  Sp205, em d ~ - S m S  ~ e r  m t ~  d r ~  

b~n(~s~re2-2 ). TSepe~dofreco~forw~rSiscommoommiprem~dinFiSm~3-9. 

Smmm~ of kflddk Fodc M ~ m S  Dsm 11 
Piedm~ GmScimcm and PGbJ~ 
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Weir 5 daily averese discharges ranged from 20 to 235 gnn  with a mean flow of 60 8pro 

durin 8 this period (Table 2-1). The record is significantly influenced by rein evems and 

mowmelt that have a large and Io~8 l a s~8  effect on d isc~u~ measured at the weir, as 

reflected by the occurra~e of significant precipitation events between January and May 2002 

and 2003 and snow melt between April and May 2003. Like weir 4, weir 5 flows correspond 

to inng-tm'm surge shaft water levers, rather than to short-term levels (discussed in Section 

3.3). 

~lrj]~Wgft..6---Weir/flume 6 is nearly I00 feet west of the 1997 debris flow, adjacent to 

boring B6 and to the project access mad demroyed in two places hy this event. The 

weir/flume peases flow from spring Spl08 (F'~ure 2-2). This sp~8, which is the highest in 

the project area, discharges from fractures in Mehrten nmdflow depmits expmed in a small, 

8eomorphically fresh appearin~ spring-sapping bowl. The period of record for weir/flume 6 

is coatimm~ and presented in Figure 3-10. The V-notch we~r was replaced with an H-flume 

on 5 Jamu~ 2003. The daily avaase dischmge at weir/flun~ 6 ranged from 0 to 85 8pm 

with a mean dischm'ge of 15 gpm (Table 2-1). 

Weir/flume 6 flow ceased in November 2000 wh,m the surge shaft water elevation dropped 

below 4465 feet and resumed in April 2002 when the water elevation reached 4525 feet 

0 isure 3-10). In detait, weir 6 dischm'ge 'peaks' ,re notably ,symmetric, having a steeper 

declining limb as illustrated by the shat~ of the flow cm've durin8 the 2002 ontaSe (see aim 

Figure 26 in Sawyer and othent, 2002). We refer to this as the "sardan-hose" effect, meaning 

that when the hydraulic heed of the system i n a m m  it gradually i n i t i ~  flow and 

subsequa~ discluuse at the spri~. Howev~, ~ abmlXly cruses when the eppfied 

head is removed. 

Weir 7--Weir 7 is within the 1997 debris flow scar, nero- tha hesd of this promineat featm~. 

The weir passes discharSe fi'om sprin8 Spl09 (Pisure 2-2), which at the head of the 1997 

debds flow scar. Tha pedod of r e u ~  for wek 7, which is ~ hacause equipmeat 

malfimcfiom, is presemed in F'qpa'e 3-11. The record far weir 7 indicates th~  the daily 

ava'ase discharge ransed from 0 to 8 gpm with a mean dischmge of 1 gpm dm~8 times when 

~ of Middle Folk Mmam'teS Din, 12 
Piedmmt GeeScieacm sad ~ 



Jnofflclal FERC-Generated PDF of 20040430-0171 Received by FERC OSEC 04/26/2004 in Docket#: P-2079-000 

l IB 

it was flowin8 (Table 2-1). On 5 January 2003 automated equipment was removed from weir 

7, which o.urently is nutmmlly monitored during each data-downlmd visit. The weir 7 pool 

commonly fills to the nap of the weir with sediment, which is removed each time the 

monitorin 8 data is downlosded or record~ 

Flame 7--Flume 7 is in the upper part of the 1997 debris flow scar ~ e l y  where the 

access road was destroyed by this landslide. This flume ~mes  flow from flume 6 (Spl08), 

weir 7 (Spl09), and at times passes artesian flow leaking from piezometef 136 (Figure 2-2). 

Flume 7 was installed on 4 Jammry 2003. The perind of record for flume 7 is complete and 

presented in Figure 3-12. The record indicates tim the daily averase discharge ransed from 0 

to 96 gpm with • mesh discharge of 31 gpm (Table 2-1). Like weir 7, flume 7 receives 

sediment from the onvegetmed smr, which puses through the flume. 

3y.J~]r...~--Weir 8 is located aIon8 a fairly significant drainase that flows in a concrete 

throush the upper swit~yard at the ]vfiddle Fork Powedmtme and that lzads near the surge 

tank (Fisure 1-2). This weir measures the combined disd~uge of weirs 4 and 5 and several 

small sp~nSs that disduu~ imo the drainage below ~me weirs. The period ofrecord for 

weir 8 begins in October 2000 and ends on 19 May 2002 (Figure 3-13), when the automated 

monitorin8 equipmen~ was removed. Weir 8 daily averase dischmge mused from 10 to 285 

gpm, with a mean of 100 8pm (Table 2-1). The record is signifiamtly influencx~ by 

precipita~on and snowmeh tl~,t have a iszge and Ion8 hu~in8 e/~ect on ~ dischJ,2e. 

The 8cttml m a x i m u m  f l o w  at weir  8 is u n k n own  because at rare hiSh f lows the web" w s s  

overtopped. Becatme it provided no addition~ inform~m and w u  mmn~y affected by 

evapoum~irati""'~u and pre~pitmion (e.&, Piedmont OeoSc~,n~s and ~ Oeo~en~s  

DepmUne~ 2001), the autonm~ monitorins equipment w u  removed. 

~ L 2 - - W e i r  9 was alon8 the ~verl~use-valveimuse" acceu road sad measured 

discharge from sprin8 Spl21 (F'qSure 1-2), a nmund sp~n8 in the Shoo Fly mmammp~ rock 

that w u  used u a sonrce of w#m" dude8 mnsmu:tion of the pemtock. We~r 9 disc, lmse 

ransedfrom0to2081~,withameandisd~geof2gpm(Table2-1 ). The pe~xl of record 

is continuotm up to 5 Jmmmy 2003, when the monitmin8 equipment was removed. The 

Summmy of Ivfidkae Fedk ~ Dm 13 
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equipment was removed because after mole than 2 years of data collection, no relationship 

between weir 9 discharge and surge shaft water levels had been identified (Fisure 3-14). 

~F . . JO--Weir  10 is in the same prominent valley as weir 5 but about 500 feet further 

upstream. In June 2002 the weir was installed to measure flow from sprin 8 Sp205 which 

issues from within the lower part of the Mehrten Fommtian (Figure 2-2). The period of 

record for wmr 10, which is ~ from that date until it was removed in January 2003, is 

wesented in Figure 3-15. Weir 10 daily average discharge ransed from 5 to 35 8pro, with a 

mean discharge of 5 8pro, durin8 this period (Table 2-1). The record is significantly 

influenced by precipitation and st~wmelt that have a larse and Ion8 ~ effect on 

disc~use menued at ~ 10, as reflected by the o~urre~e of sisniflcamt precipitation 

crests between January and May 20O3 and snow melt between April and May 2003 (Figure 3- 

15). 

a l B  

g 

~ - - W e i r / f l u m e  11 is within the 1997 debris flow scar near flume 2 and 

receives the combined flow of drains D1, D2, D3, I)4 and D5 (Figure 2-2). Weir 11 was 

insudled with automated monitori~ equipmmt in October 2O02 and was replaced with an H- 

flume on4 Jammty2003. The period ofreco~ for weir/flume 11 is contimlous and presanted 

in Figure 3-16. Weir/flun~ 11 daily averase discharge ransed from 70 to 180 8pro, with a 

mean of  II0 8Pro (Table 2-1); these values exclude data collected durin 8 a hydrologic test of  

the drains (see weir/flume 3 disctmsion above). Durin8 the Drain Teat, discharge o f l eu  than 

3 gpm was ~ at war/flume 11. 

3.2 WA'rER .CHINISTRY 

Wata" that flows throuSh difYaeat 8eolosic materials will dissolve 

m i n a ~  of diffaent chemical make up. ~ weta" will be ts88ed ~ fingaprinted with 

ions fi'om the mina'als thin are dinolved alon8 the wata,s flow patl~ Warn" samples wwe 

collected from the MTuidle Fork Pemtock, sevet'al of the we~-s, and Brushy Slain8 at various 

times/smsom from November 2000 to July 2001. Brushy Slxm8 is a natund sprin8 that 

discharges 3,300 feet southeut of the suurge shatt (Fisure 1-2) but at an elevation higher than 

Hell Hole Reservoir. Brushy S I ~  represem 8rotmdwater locally derived from the Melnten 
S~may ~Mklme Vmk Mmttm~ Dma 14 
Piedmmm GeeScimaes and ~ 
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Formation while the penstock water is derived from the granitic mountains near the crest of 

the S~-ra NevadL h was mkipated that b e m a e  of the diffema geologic materials in the 

source areas of these two end members, that tl~ chemical oomposition would be d i / ~  ~ 

provide natund t r a c ~  to help differentiate the source ofthe water that feeds the wein. 

The chemical composition of the waters turned out to be indiminct from eac~ u illustrated m 

the stiff diasranm (Fisure 3-17) that show little ~ in the ionic c2~emistny of the two 

end members, the penstock water aad Brushy Sprin8 (SPIO0) water. ~ Joule 

chemistry oould not be used u a fraser print of the dit~rent watch (for additional dim.talon 

see "Middle Fork tunnel and surge shaft Geolosic and Hydrologic Data Repot't (Period 

September, 2OOO to June, 2OO]) Placer County, Cslifomia" (Piedmont GeoScie~ce~ and 

• A n o t h e r  t oo l  used to fmg¢~ print watch is comparison of the stable 

iaotopee of oxygen and hydrogL Imtopicdifferenc~exiat for many nmaons. Intheatudy 

area, the two most impor t~  ¢auaea of isotopic fractionafioe are r a im~ and elevation of 

recharge. Rahm~ occunJ when an air mau  cools and droplets form. While this is o c c ~  

equilibrium fractionation between the vapor and the c o n d e ~  phase prcfaentially put 

deuterium ( '~ )  and mO in the nfin or mow and leavea the air mau  depleted ~ ~ W 

tho~ immpm. As the proum coatint~ laecipitatim alon8 the trajectory of the air ham 

becomes lighm" or more depleted with respect to the heavier isotopes. This ~ is 

independent of altiuxle. Both of t l , ~  factcc, will tend to deplete precipitation of the heavier 

isotopes in the drainage basin .pmmm of Hell Hole Rem-voir, relative to the surge shaft 

project area. ~ ,  the i,otofi¢ compoeitim along a , tom laah will become 

p r o ~ y  lishta-. The temperatta'e at whic, h droplets form also plays a role in the rate of 

t h e t i o n a t ~  Preoipitatim at higha, ~devatioa will tend to be more depleted or morn 

negative. Theae facton will make the pemtod~ water, derived hi81~" in the Sima Nevada, 

mole negative t im t l a ~  dedve oa the lower Ralmon Ridse in the ~ aret 

Eve,, though these waters are ionically indistinct, they show distim isotopic ditferea~ in 

the oxygen and hydrogm Figure 3-18 is a plot of the stable isotopes from samples collected 

~ m m ~  ~ l ~ d ~  F ~  ~ l~m 15 
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in the study area between November, 2000 end July, 2001. As canbe seeninthis figure, • 

distinct diffe~nce exists between penstock water mM Brushy Spring water, re•kin8 this • 

useful tool in evalum~ the sources of water in the sierras• tlmt feed the wein/flumm. The 

analysis is ~mplex becmuN~ the isotopk values from both the ~ waters and s t ~ S s  

chanse over time. This is important since travel time through the hydrologic system may be 

much sknv~ thau the ebserved hydrmdi¢ response (discuued balow). 

m 

i 

I 

The isotopic values of water from weir 9 (Spl21) and aprin8 Sp206 are grouped near those of 

Brushy Sptin8 (Spl00). This is expected since both the sprin8 that feeds weir 9 and Bruahy 

Sprin8 m~ mmn'al sprin~ taxi Sp206 is suspected to be a natural sprin8 ha:mine it is located 

near Bi$ Crater at tbe fume on the Mehrten Formalion about 1.6 mile, (2.6 kin) west of the 

surse tank (Fisure 1-2). Sprin 8 Sp200, which also issues from the base of the Mehrtm 

Fonmuion about 1,200 feet east of the ma'Be tank (F'~a'e 1-2), also is isotopicaHy s~milar to 

Brushy Sprin8 su88estin8 little or no om|tn'bufion of penstock water. Whereas, wau= from 

weirs 1 and 3, and to • leuer extem from weirs 4 and 5, 8roup more clmely with wat~ from 

the penstock (F'~ure 3-18). This su88es~ that weir I and 3 di~harKe is almost o3~npletely 

derived from penstock wat~, and tim there is a lag time asmeimed with disdmrse that is a 

minimum of weeks and probably of months (i.e., mmidmably slower than the "response 

thne" of the sprhws feeding mose wein [cUso.ased in the foUowins semion]). 

The isotopic values show substantial variatio~ but follow undemandable treads. For 

exampleq samples fi'cnn wek 1 show enri¢lunent in the heavier imtopm fi-om November to 

Jemmry, which is similar to tbe chause observed in the pemtodc water (F'q~re 3-18). The 

samples from weirs 3 and 5 show • depletion of the heavier imtopm between November and 

Jerome, m ~  that their i s o t ~  signatures became similar to the pemtoc~ water. Then 

iaoto~ trends indicatetl~ in Jammry • 8rearer portion ofthe ~ fi~m weirs I, 3 and5 

was ~ fi'om tbe pmmtock water. 

Becmme of their close lwoximity, the isotopic signatm-e of weir 4 warm" is very similar to tlm 

of weir S, u apected. The e ~ m "  i so to~  mignalxm~ of water from w e ~  4 u d  5 and tbe 

pemock in the Jammff 2001 sampling could be intmpraed to mean tlm the warm from 

Summm7 of Midd~ Fod~ Mouimd~ l~m 16 
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weirs 4 and 5 are almost completely d e ~  from the pemtock. However, i f  the 1ravel time of 

wat~ alon8 the travel p~h between the surse shaft and weirs 4 and 5, is on the order of 

several months, a larser portioe of their discharse would be derived locally, as suB,eared 

when comperin8 the i so to~  signatures from wein 4 and 5 to that of the penstock for the 

November 2000 samplin 8 (Fism'e 3-18). 

3.3 HYDROLOGIC RESPONSE TO SURGE SHAFT WATER LgVgI~ 

If spr/n8 discharge, u memued as flow at the wein and flumes, is directly influenced by 

leakase from the mrse sha/i, then the head and the duratioo of head in the tmmel/surse slmfl 

system are two parameters th~ would control sprin8 discharse. Additionally, precipitation 

events and disc]mrse of naturally o c c ~  groundwater could also inflmmce flow throush 

the weins and flumes, especially seasomd]y. 

In 8eoeral, as discussed in Section 3.1, flow t h s o ~  the weirs and flumes increases or 

~ subsequent to comspoodins chanps in the head in the tmmel/surs¢ shaft syste~ 

and to precipitsfion ovmts. TI~ several rehUJonship t ~  weir/flume now (i.e., sprin8 

d iscUS) and hydrm~c ~ is m, i c ~  in the a v e ~  daily dischm"ge l~ydrograohs 

weirs/t~mnes 1, 3 , 6  and 11, were 2 and 7, and flmnes 2 and 7 (Figures 3-4, 3-5, 3-6, 3-16, 3- 

7, 3-10, 3-11, and 3-12), which ~lso show surSe ~,J~ water elevations (i.¢. , proxy fi3r head in 

the system). These hydmsraphs show that discharse Irends ck~Ay mimic chanses in surse 

shaft war& lev|ds and, thus, respoQd to changes in the system head. The re.]ationsbip is less 

appmm ia the ~drosn~hs for weirs 4, 5, 8, ~md zo (~isur~ ~-s, 3-9, 3-z3, 3-z5), ~ d  no 

relatiomhip is evlde~ in the hydrosraphs for weir 9 (Fisure 3-14). Thus head dumses in the 

tunnd/,urSe .hta ~ t e m  ~3ew the 8reatest ~ in ~ S  di~,,rSe for tho.e ~ i nSs  in 

the Mciuten Formation located north of the surse shaft and least for those to the wwt. 

In the mrse sha~ area the relationship between weir/flume flow and hydraulic herd is ~ 

i l luslrs~ in Fisure 3-19, which plots the combined disdm'se from wein 1, 2, 3, 4, 5 and 6 

ssainst sure  shaft w~er ~ Tl~se weins were sek~ed because their flows have been 

shown m systematicsny and ~ va~ with chanSes in system head (discuued 

Stormy ~Mt~lle Fo~ Mmam~ Dins 17 
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above). AIthoush the relst ion~p can be expressed by a l i n ~  or an exponenthd expression, 

as shown by similar coe~cien~ ~ ~  0t2-values of  0.70 vs. 0.72, ~ l y ) ,  the 

exponential exlzrea~n has a slightly b e t ~  fit, pertimlerly at high flows/heads. SimiIsr plots 

are provided for flows at individual ~ in the report " H ~ ¢  Analy~  ~ Fork 

~ ~ d  T . , ~  P ~  corny, c a ~ ,  dated September 5, 2oo2 (Piedmont 

G e o S a ~  ~d  ~ o ~  ~ ~ 2002)(Appendix A). 

S p d ~  north of the ,urge shaft also respond to head changes relatively rapidly, whereas the 

of throe to the west is s ign i f i~b ,  sJow~. The e l a p ~  time between the 

oeoJrre~e of a ~ i f i c a ~  water level CLe., head) change in the mrge shaft and the 

umu~ondin8 drowse in weir ~ or the ~ o n s e  eme',  is listed in Table 3-] for 

weirs I throush 9. The response thnes for weirs I, 2, 3 and 4 are shown 8raphicaUy in 

Figures 3-20, 3-21, 3-22 and 3-23. As these data show weirs I, 2, 3 and 6 have response 

times ransin8 from 0.2 to 15 hou~  Idl are loc4tted northofthe surBeslut~. To the wcst the 

response at weir 4 to the west appears to lab the precedin8 head chanse by 20 to 32 days 

(Table 3-I; Fisure 3-23). Considering the distance from the surse shaft to the spfintgs) 

feedin8 the wei~  "respome fetes" were determined th~ ranse from u little u ~ y  

2 feet per hour, in the case of weir 4, to as fast as of 1,600 to 6,300 feet p¢~ hour, in the ~ 

of  web" 6. ~ y  the ~ rate is the rate at whic, h a ~ wm~ pmpaSates 

throush the aquif~ s y ~ n  and, therefore, diffa, s from the unknown actual flow rate. The 

high response rates are comistem with fracture flow, rather flum porous media flow. The 

trend of reslmm~ times dc~vasln 8 and response r~es co~respondinsly increase8 with 

i n m ~ m  in an~e ~ / t  wat~ levet~ .how. thet h is t~  heads provide Sre.u~ aveitab~ ~ 

fov~e to overcome f r i ~  alon8 flow psth~ within the ~ aquif~ syste~ 

In addition, the respm~ i, more rapid 8nd ha, a hisher mplimde --a  sreeUr p e d o d i ~  ~ 

relat iv~ high mrSe daft wet~ levelL For ¢mtmple, flows 8t weir/flume I, weir 2, flume 2, 

wek/flumes 3 and6. and w~r 7 show 8raUa" paiodk:~ 8t surge shsfl warn" d ~  8bore 

abou~ 4450 to 45OO feet 0~ures 3-4. 3-5. 3-6. 3-7. 3-10. 3-n). T I~ oh,riSe in ra, ponse 

prol~bly retiecu a chu~ fnxn ~ to oc~med .qui~ c o n d i ~  a~ough unUkely 

it could reflect a rune of higher conductivity within the upper Mebrten Formafioe. 

Su~mu7 ~Jckge F~k ~ DaU 18 
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1bus, tbe magnitude and rate of respome of s]ninss north of  tbe surge slm~ is much 8reat~ 

than it is for those spsmSs to the west, indicatin8 re'on8 horizontal anisotropy within tbe 

Mehnen squifa" in tbe sorge slaft aret 
I 

In addition to system b e ~  sprin8 discharse is also controlled by the duration tbet a 8ivea 
t 

bead condition is ~ until an equih'brium condition is reached. For example, the 

flows throush weirs 1, 3 and4 were 8reater in May , 2001 than in Nove|nber, 2000 despite the 

maximum system head bein 8 40 feet lower (Fisures 3-4, 3-7, 3-8). This anon~y is explained 

when it is realized that tbe daily auera~ mn'ge shaft watm- elevation was hisher in May tben 

in November, which reaulted in hisber weir flows in May. Tbe increased flows in May could 

also be explained, at least in part, by a higher natural groundwater table durin8 this time of  

yem'. The dependence of  g)ring discharse on the fime-weishted averaSe of system head is 

iUustntted in F'q;ure 3-19, which shows resreminn lines fitted to the daily average surse s h ~  

water elevatiom and daily averase dltmberse from weirt 1, 2, 3, 4, S and 6. Tbe reletively low 

coe~cieat of correlatia~ 0.70 to 0.72, indicates that system head and the duration of system 

head are only two of the parameten conlrollin8 sptin8 flows, with disclmrse of natural 

8roundwater and precipitation being two additional parameters. 

In addition to weir flow~ pie~omelric levels measured by pressure tmmducm,s in multi- and 

sinsle-stased piezometas aim are controlled in part by the head in the system and to the 

dm'ation ofthat bead amdition is maimined. 

The piezoma~ dam show the significant betwem surge sha_q end piezometes" water levels. 

The full ranse of measured pie:mmeter water levels, in addition to statically determined 

levels, ere shown in Table 3-2. Hydrogmphs fro" individual piezometas BI, B2, I]4, B5, I]6, 

and B7, which include m.srse sha/~ water levels, are shown in F'~u'es 3-24 throush ~-29; 

plemmeta- B3 is not included becanse this shallow plezometer has bean dry ttneusho~ the 

monitorin8 paind. ~ d m  show tbet plezometa- wata" level increum or deaexsm with 

coaespond~ charism in m~e  shaft wster leveh. This relationship demonmatm that mrge 

sha~ water leveis dramatica/ly affect the elevation of 8rotmdwater in the vicinity of the ran-Be 

Sem~m'y of Middle Fo~k ~ Dafa 19 
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O shaft. The strong correlation of  fluctuations in the surge shaft to leveh in piezomem" BI, 

which is next to tho surge shaft, mgl B-2, which is to tha notqh, apparently reflect that the twe 

are coonected by a zone of intenectin8 open fracturm. 

4M, 

Tramducers in three of the piezometers, I]4, B5 and 136, have all recorded anesisn conditions 

when the surge shaft water elevation is above about 4500 feet (Table 3-2; Fism'es 3-26, 3-27, 

3-28). Thus c, onfmed aquifer renditions oco.n" at surge sha/t wet~ elevation of 4500 feet or 

somewhat le,~ ~ the infere~e that the ~ in ~ response (dimmed above) 

at this ~ water elevefion reflects a chanse from ~ to confined aquifer 

conditions. 

$.&l Hydrologic l~sponse To Amnual Outages 

Because sprig discharge is c, ontrolled by tho duration of head in the sy s t~  and the systm 

hesd remains relatively constant d o r ~  annual outa~s of the Middle Fork hydmelect~ 

system, flows measured at several weirs fed by sprinss in the Mehrten Formation were 

ev..~m~! £~r ~ ronr omaS~: S q x ~ b ~  23 to ] ~ r  23, 2000 (onb, piney recorded; see 

Cotton Shires & Associates and others, 2OO0 for details); September 30 to November 30, 

2001; September 13 to October 20, 2002; and November 6 to November 26, 2003. 

Hydrographs for weir/Ikune discharge during the 2001, 2002 and 2003 outages are shown in 

Figures 3-30, 3-31 and 3-32, r e ~ v e l y .  As expected, w~r flows increased durin 8 the 

outages, 24 peseta on average during 2000, from 15 to 35 percent on average during 2001, 

from 18 to 48 ~ on average in 2002, and from 21 to 27 percent on average in 2003 

(Table 3-3). The ranse in percemages reported for the 2001, 2002, 8rid 2003 outages reflects 

th~ m flows oftem ooxured du~8  tho o m s e  rath~ ttmn at the end; no flow 

meama-eme~s are available d u ~  the 2000 ontaSe. The 8rmter m in 2002 appeers to 

r ~ c t  hoth hisher flows at h i s ~  hinds and t ~  e W o n m ~  r~u~mhip bc~w~ the~ 

parmnstm~ (Fisure 3-19), paniculady at relative Irish head conditions. Durin8 tho 2001 

outase the suu~ s h ~  was at elevatiou about 4430 feet, and the weir flows were variable. 

However, when the mrge s l~t  wnter was hisher, at 4450 to 4460 feet, drain8 the 2002 and 

2003 outa8~ the flows at wein 1, 2, 3 and 6 were more tmiform and rmched or dnsety 

appmad~  a steady state condition (Table 3-3), indicafin8 that the flows had equilibrated to 

Smmmy et Middle Fed~ Mmam'leS Dm 20 
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the re~Jve]y com~u~ bead conditinm. 

The 2002 and 2003 outases had only a minor effect on the piezomater water levels. Durin8 

the 2002 outase piezome~ water levels increased from 0.5 to 8.3 feet, except piezometer B5- 

158 (i.e., level recorded by the pressure transducer at a ~%pth of 158 fl in piezometer BS), 

which decreased 2.0 feet (Table 3-2; Pisures 3-24 throush 3-29); due to equipment failures, 

da~t w u  not recorded at piezometes's B4, B6 and B7. l~urin8 the 2003 outaSe piezomet~ 

water levels increased from 3.5 to 13.8 feet (Table 3-2). Tints the maximum increase is 

comparable to the approximate 5 to lO-foot increase in the tan-Be sha~ water kveh durin8 the 

oetaSes. 

~ ~ ' l ~ d ~  1%~ M ~  D ~  21 
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I 

TABLE 2-1 
WI~[R/FLUM~ DISCHARGE FOR P ] ~ I O D  OF RECORD 

(October, 2000 to A~lum, 2003) 

t ~  

g 

I 

g 

Weir  / m u m  (Sixins) 
mu~ A , e r ~  ~ (m~m) 

0.0 - 111.2 w r e n  (Spz14) 

W2 (5p109;,108; 0.0 - 198.2 32.0 
111;401; D I . . D ~  

! '2 (~10~,106; 3.0 - 175.8 89.9 
nl ;4OD 

(Spl~.) 3s.6 - 3~.2 1~.~ 

w 4  Cspzo6) s ~  - ~ . ~  ~7.o 

w s  (SplO3;lOS; 

w ~  (splmO 

w7 (Splog) ~ 

20.9 - 234.7 

0.0 - K%9 

0.0 - 7.8 

0 . 0 -  96.1 

m w m m ~  

49.7 

62.0 

13.7 

1.2 

~ ~-~lO~,lOg: 3o.7 

W8 (Sp103;105; 
lO~- , z~  1o.1 - ~ r ~  1oo.3 

w~ (spul) '  o.o- ~.1 2.0 

WI@ ~ 2.9 - 3 7 ~  7.1 

w n / ~ ,  (D1..D~ 7z.4- lS2.4' 112~ 
' Mmu flow ~ mi~mum~ mmm at'dmly mu~p disdm~ dm nsom~d 
dmiuS ~. pm~d dmm~. 

3W'~ 0r ~me w mot J dum~ em~ pmiod ~'n~rd. 
sl~dm~ dm dora mm ~le memmmmm dm~S Dmiu TmL 

T3-1 pg. I 
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o 

Inith- D ~  

g 

I i m  

a 

TABLE 3-2 
PIEZOMETER WATER ELEVATION RANGES FOR PERIOD OF RECORD l 

Plezo. # 
(-Smf. 
Elev.) 

B1 
(4631 It) 

B2-150 
(4,~4 ~ 

B2-287 

B2-39e 

mP 

B4 
(4287 

B5-30 
(4573 I!) 

B5-106 

BS-1M 

9/1/20(]2 
6/28/2OO3 

3/31/2002 
10/19/2002 

2/1/2002 
6QSQO03 

2/15/2002 
6r28/2tx)3 

w8/2oo2 
,IRL2003 

w14r2oo2 
e/29Qix~ 

12/8/2002 
6/21/2003 

12/IV2002 
5/4/2O03 

MIn Me: Mean 

4464.0 
4567.6 

4472.1 4553.1 

4438.4 
4535.9 

4447.2 4500.8 

43~.0 
4532.3 

4400.3 4519.9 

4287.1 
4424.5 

4292.8 4411.7 

No water in plezometer 

4259.7 
4Z/1L4 

4262.9 4274.1 

"4355.8 

45(~.D 

447/.9 

4480.5 

4372.3 

4270.4 

4 5 ~ 7  
43566 4 3 N J  437&4 

4351.0 

4355.0 

4354.8 
4387.1 

4L~0.5 4.11L1 

438D.D 

43750 

~ LiMnl ~mmUoa 

Annual O u l ~ e  

I 

45152 4522.9 7.7 
I 

4477.7 4488.0 8.3 

4495.5 4500.5 5.0 

4387.4 4392.1 4.6 

No water 

No No 
oa~ Nl^ 

No No 

43~A 43ee.9 0.5 

4380.3 4378.3 -2.0 

Wamr L m ~  ElevaUon 
C h ~  Oar~g m 

Annual Ou lap  

Flmal Diff. 
(m 0t) 

4520.3 4528.7 6.4 

4481.4 4484.9 3.5 

4496.5 4504.4 7.9 

4389.8 4395.1 5.3 

N o W  

4M7.11 4 Z T U  4.7 

4381.t 4388.4 7.3 

4371.g 4377.8 5.7 

4368.6 43N.3 11.7 

T 3-2 p8. 1 
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, l i b  

TABLE 3-2 (continued) 
PIEZOMETER WATER ELEVATION RANGES FOR PERIOD OF RECORD 1 

Plezo. # 
(-Bud'. 
F.~.) 

B6-35 
(44S0 n) 

B6-88.5 

B6-140.5 

B7-212 
(4481 

B7-281.5 

Dany Avmoe ~ (n) 

PAin Max Mean 

12./6/20~ 4455.5 
7 ~  448t.4 

4456.8 4473.4 

12J5/20CI2 4448.1 
7Q0/20~ 4482..0 

4453.8 447,t.,II 

12)5/2o(]Q 4447.3 
7/20/2002 4482.1 

4452.0 447¢S 

4404.6 12J6t2002 
7/712003 4432.5 

4408.9 4431.2 

4410.6 12/W2002 
7/7r2003 4439.6 

4415.4 4438.7 

44413.8 

4 4 # L I  

4419.7 

442~4 

Wemr Level ~ 
C h ~ m s ~ r t ~  

Annua lOu~ le  

InN~l ~ Diff. 

No No 
~ D ~  WA 

NO NO 
Data 2 D ~  I~A 

No NO 
Da~ ~ Det~ N/A 

NO No 
D ~  D ~  WA 

Walm I.mml Elovmlon 
Oha.ms DuC~g m 

k r a a l  O . ~  

Initial ~ Diff. 
0t) (.) 0t) 

NO No 
D ~  D ~  WA 

No No 
Data 2 Data 2 N/A 

No NO 
Data: Data 2 WA 

4410.5 4423.9 13.4 

No No 
D ~  D m  2 WA 4415.6 4429.4 13.8 

1Vakam In bold font Indk:m a r leen  (:ondllonL 

2 No data due to equ lpm~ fa i th .  

a The sk~le trlmducer In tiffs shallow Idezometer h u  nevor mcocded any vmtlK 0e.. dly plezomet~. 

T3-2p& 2 



Jnofflclal FERC-Generated PDF of 20040430-0171 Received by FERC OSEC 04/26/2004 in Docket#: P-2079-000 

w ~ m p w a  m 

I 

! " U 
' t i , j  

) 
L _L . 

i 



Jnofflclal FERC-Generated PDF of 20040430-0171 Received by FERC OSEC 04/26/2004 in Docket#: P-2079-000 

5.0 FIGURES 

g 

J 

I 

g 

J 

a 

~ M w m ~  m M ~  



Unofficial FERC-Generated PDF of 20040430-0171 Received by FERC OSEC 04/26/2004 in Docket#- P-2079-000 

/ 
/ 
/ 
/ 
/ 
/ 

/ 

I 
/ 

I 
/ 
/ 

I 
/ 
/ 
/ 
/ 

I 

l 

i ! ~ ' ? ~  :.,: ,'~\'~;~, ,~':~,:~ :~ :,: : ~ :~ !~ j~ , ' ,  ..... . . . . . . . . .  ::., ~-,., ~4, ~ ~il i 

: ' ,  . . . . . .  ,:::i~ ~ ...... . ~  . . . .  

i ~. 

,.--. ~, : .~ 
i : i  o.-'E ~, 

:~. "- o 

• £~  c"  E 

, ~?..,-% 
"i?" O :  ; 

ii- i,, 

:<" ! 

~,,) 

I / i  ~ 

: . f /~  

~, 

/ 



Unofficial FERC-Generated PDF of 20040430-0171 Received by FERC OSEC 04/26/2004 in Docket#- P-2079-000 

I 

- - - . ~ . , , - v - . . ~ .  x, ~,~.~, .~,: ~ . . . . .  ,~),7, ' - "  ~ ~ a ' , , . , ' . , -  , "  ' , ) " ~ ,  : i  - ' , . ,  ' . - :  , q l , ,  . . . .  ." . . . .  ' , - . . . _  

~ . - = , . . _  .. ....... .,~ . ~ - ~ .  , _ ~ .  ~ . . . .  , , .  . . . . . . . . .  ~ ., ,  ~ ,  

'~,.2 o. . . .  

,-...:,u, ~ . . . .  .~,~,,,>.-~,~,'.. t~! ~.:, ~ . . . .  7.<., , ~  ~;~.'/'.,,'i; I - ~  - ~ i~  ~--;> ~i ~.  ~ . _  .:. 

, '~& <. flilt(f((,?'l>Tyl,,>Y.'/,~Y,~~~"d'..~:l~~::,<(O'f([lTttW!!/lt! ( ~'~_ t,.-:v~.-.,',,,¢.. ~ " ~ " k ' ~ £ ~ \ . K  ~ ~ .,~ ) < ~ ), O...t ~ "  L~..T! 

II . ~ b  o k....l 

~ '  7"'~ ~ ' >  " ~  ~" ~ ~,,.i. ' '~.' ) " ' ' ' ~ ' ~  . . . . . .  ",,'!, ' ', \ ' ." 

~ J ~ ~ ~ T j l ~ ! ~  ~ ~  ~ ~ h t , ~ ' - . , ' ~ , ~ i l ~ ( l ~ . ~ , ,  ',,~q'.,,,' ~ r',',~ ~ ~ " ' ~l ~0 , ).'.~ : ~ '  i ~  = ' / : ,  "~ ,,, . X:: 

$ .~, ,,, .,.f.,~,i,: . I , , ; , , , , , ,  x ,,. -,,,~:. . ,,, ' . , . , , -  > ~: ~,... ,,~ ... . .  / .  :~ . . . .  , 0 > ,  

.... .,. , . , ,  ,i,, ,-., i.':, . . .~  , ~  , ~ = , ~ a ~ ~ "  _ ~ % ~  ,... . . . . .  - - - - . ~  
• ,' , ' , , ' ,>,~ , , , : -  ' i ,  ~ ,  " { I  . . . . .  - '  .'~ ' 

- - , ;  :¢,;~ , , , " / ; . ~ _ - . - ' - g ~  . :  " ~ ~ ~ :  ) ~if: ~'  z °' " > ~ ~ 7 = - ' i . . . . ~  '-'- ~ ; * ~  "= ~ ' - ~ i ' , ~ , 5 ~ ' ~ " . i i  .... ' , (  : : i .: )) 

• -.,. ., ,,..,, i ,, 7,-. ..,{ ~ , ; - - -  ..... . , -  , ~ . . ,  , - ,  ~,~ ~ . ~  > , , ~ : " , , .  t . ,  .... , ,  

i 
I I  

',4 . . . . . . . .  ~ i " ~ ' ~ ~ ~ / ~ . ~ ' ~ " "  : " - '>, i " ,  . . . .  ; . ,  i , . ,  "--" ,(  . ~  J '  ~,, ,., . , .  , , . , , . , ,  + ,  . . . :  _ _  _ _ . , , _ _  , -  ,,..,_ . . . . .  ~ - , . . ,  _ 

". . . . . . .  ".':.', ,' "-:~! ;:" ' - r..~ ,-':'i. ~ : ='~ ',. I , --- . ;4} ~i,. ,i' ~ ,, , 

I = ~  ~=~==--=.- ~ :.:.>~ ~-,.,.,,- -.~ ~...., ,' .,.~",.. >>,. , ; , ~ ~ , , > , , . ,  ~, t~..- . .- ,z,  ,2'.. ~< 

/ 



Unofficial FERC-Generated PDF of 20040430-0171 Received by FERC OSEC 04/26/2004 in Docket#- P-2079-000 

/ 

I 
/ 
/ 

I 
/ 
/ 
/ 

I 
/ 

I 
/ 
/ 
/ 

I 
/ 
/ 
/ 
/ 
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Construction m 

Date to Depth Depth ~ Elevation Water 
(ft) (ft) ~ (ft) Encountered 

0 
815164 / 4631 

8/24164 

9/21164 

¢ 
..Q 

m 

m 

8 
e- 
o 

U 

c-  
O 
t J  

0 
Z 

50 ~ 4581 

100 ~ 4531 

150 ~ 4481 

200 --l~ 4431 

250 ~ 4381 

300 

350 

11125/64 400 

3/3/65 -start Gallery excavation 

12/7164 450 

"scattered 

timbers 

may be left" 

12117164 50o 

2119165 55o 

seeps 

seeps 

seeps 

"damp" 

Geology Encountered 
+ 

Red clay & decom posed rock -g..! 
t u  i 

e -  e -  

Gray "dirt" & decomposed rock ~" o 

Hard, gray decom posed rock • 
White clay (vo/canic ash?); hard & d~y 

Hard gray decomposed rock & clay 
"volcanic agglomerate" 

i i i i i i  i i i i i  i 

Genera! Geologi c Description s 

Mehrten Fm. - Volcanic "tuffaceous 
breccia" with occasional seeps; massive; 
cemented; minor slaking (piping 
potential?) 

Shoo Fly Complex--Phyllite with some 
quartzite; bedded; hard; "tight"; "no 
water in metamorphics" (impermeable) 

4331 
~ W a t e r  level Feb. 1965 

at 4318 ft 
(natural groundwater 

level ? Feb. 1965) 

4281 

1964 Flood 
shaft filled with -200' 

"lava cap" rock; "different size 
4231 of water (from depth (clasts) & different color;dry 

513' to-313') 
"volcanic agglomerate" 

c 
"bad seepage" O 

m 
E 

4181 
L L  

C 
17 f t  of water 

overnight ,-- 

"seepage is problem" ~ red clay 

4131 "seepage decreased = " - "  light colored clay; weathering zone 
50 ft of water ~, (Tertiary colluvium ?) 

overnight . -  Hard day &"shale" 
E "shale" -~-----"out of shale" 
0 
U 
_>, "getting hardeC'; some quartz 

4081 35 f t  of water M. 
overnight o 0 hard, gray-blue; very blocky with 

-¢ "slips" and water I/I 

Middle Fork 
Tunnel Invert 

Sources: Attachments D- 1 and D-2 of 
Jon Mattson's (PCWA) memo 
dated 1/7/02 

Notes shown in italized blue font are compiler's interpretations. 
. . . . .  

~ PIEDMONT GEOSCIENCES, lnc 
Reno, Nevada - 89506 - 775-972-3234 

'CONSTRUCTION LOG OF 'SURGE SHAFT 
Geology and Hydrogeology at the Middle Fork 

Surge Shaft 
"LOMPtLED BY ' VE~tCAL SCAL~ PR6JEC+ NO. 

TS I" = 50' 1062-107 

APPRovI~I~ BY . . . . . . . . . . .  DATE FIGURE NO. 
WP 2/24/2004 2- I 

. . . . . . . . . . . . . . . .  
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E X P L A N A T I O N  

I Q¢ I Quaternary colluvial deposit; shown infilling swales and forming 
thin surface veener near surge tank 

~ ~ l  Quaternary landslide deposit 
~ I P  1997 debris flow scar and chute 

[Tmm I Tertiary (Miocene) Mehrten Formation;volcaniclastic sediment; 
commonly mantled with Quaternary colluvium (not shown) 
Mehrten outcrop 

Paleozoic Shoo Fly Complex; chiefly quartzite and phyllite; locally 
mantled with relatively thin Quaternary colluvium (not shown) 
Shoo Fly outcrop 
Shoo Fly rocks in surficial colluvium 

.h 
, ¢  

Spring; discharge in gpm on 6/21/03 when Hell Hole Reservoir was spilling 
~." 1-10 • ~ <1 (seep) r 

,~o Io-Ioo ~O >1oo 

Automated V-notch weir monitoring station 

# Manual V-notch weir monitoring station 

Automated H-flume monitoring station 

O Automated piezometer-monitoring station 
-Angled piezometer-boring B2 
approx, terminous of boring 

Sub-horizontal drain boring; 
~. approx, terminous of boring 

" Culvertor pipes 
B' 

~ > Geologic cross section 'Xf 

," j Potential debris-flow 
f I -, chute 

J 

t # 
S 

Landslide/compaction(?) scarp at 
Middle Fork Tunnel muck pile 

7s°-ss~ , Orientation of joint, 
7 including downhole 

geophysical data 

6s°-~ Orientation of 
• foliation 

!it GEOLOGIC MAP OF SURGE SHAFT AREA 
Geology and Hydrogeology at the Middle Fork Surge Shaft 

Placer County, California 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Figure 2-2b 

1062-107 
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, , , , , , ,  , , ,  , ,  , , ,  , ,  

PHOTOGRAPHS OF TYPICAL WEIRS 
Geology and Hydrogeology at the Middle Fork Surge Shaft 

Placer County, California 
i i i  i i i i , i ,  i , i , i  i ,  

Figure 3-1 
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PHOTOGRAPHS OF TYPICAL WEIRS 
Geology and Hydrogeology at the Middle Fork Surge Shaft 

Placer County, California 
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Figure 3-2 
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P R E V I O U S  T E C H N I C A L  D O C U M E N T S  
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Cotton-Shires & Associates, Piedmont GeoSciences, anal PG&E Geosciences Department, 
2000, Middle Fork Tunnel, Surge Shall and Penstock, engineering geologic and 
geotechnieal report, Placer County, California: Report for PG&E Hydro-Generation 
Department, October 31, 2000, 72p., plus tables, figures, plates and appendices. 

Geosciences Department, 2000, PCWA Middle Fork Tunnel, historic documents: compilation 
of documents concerning planning and construction of the Middle Fork Tunnel; report for 
PG&E Hydro C~neration Department; 79 documents listed with copies included. 

McManus, R., 2002, Notes on Middle Fork Surge Shaft Construction records: report for 
Middle Fork Technical Subcommittee, January 30, 2002, 4 p. 

Piedmont GeoScienees and Geosciences Department, 2003, Figures showing geology and 
groundwater conditions, Middle Fork Surge Shaft, Placer County, California: Prepared 
for PG&E Hydro Generation Department, February 26, 2003, including: Simplified 
geologic site map, and Sections X-X' for 6/14/02, 10/14/02, and 1/19/03 and Y-Y' for 
7/18/02 and 1/19/03. 

Pohl, G.M, Sawyer, T.L., and Mihevc, T.M., 2003, Ralston Ridge groundwater modeling 
results: technical memorandum to Middle Fork Working Group, February 20 and 24, 
2003, 16 p. including figures for natural Ore-project) ground water conditions and 
various scenarios and for Steel Liner and Drainage options. 

Piedmont GeoSciences Inc. and Geosciences Department, 2003, Drain portal geology and 
figures for drainage gallery option, Middle Fork Surge Shaft, Placer County, California: 
Prepared for PG&E Hydro Generation Department, February 20, 2003, 4 p. plus figures 
and tables and plates (include Drainage gallery cross section, Simplified geologic site 
map, Geologic map of east drain gallery portal area, Geologic map of west drain gallery 
portal area, Drain boring section). 

Piedmont GeoSciences, and PG&E Geosciences Department, 2001, Middle Fork Tunnel and 
Surge Shaft geologic and hydrologic data report (period September, 2000 to June, 2001), 
Placer County, California: report for PG&E Hydro Generation Department, August, 2001; 
28 p. plus tables, figures, plate, appendices and CD. 
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Piedmont GeoSciences, and PG&E Geosciences Department, 2001, Middle Fork Tunnel and 
Surge Shaft weir data (period March 20, 2001 to November 10, 2001), Placer County, 
California: report for PG&E Hydro Generation Department, November 21,2001; table of 
contents plus figures and CD. 

/ Summary of Middle Fork Monilroing Data 
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Surge Shaft boring B1, Placer County, California: Report prepared for PG&E Hydro 
Generation Department, November 21, 2001, containing boring log~ tables of packer tests, 
figures and CD of optical televiewer log. 
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Piedmont GeoSciences, and PG&E Geosciences Department, 2002, weir and well monitoring 
data, Middle Fork Tunnel and Surge Shall (monitoring period October 2000 to February 
2002), Placer County, California: report for PG&E Hydro Generation Department, April 
21, 2002; 4 p. plus figures and CD. 

Piedmont GeoSciences, and PG&E Geosciences Department, 2002, weir and well monitoring 
data, Middle Fork Tunnel and Surge Shaft (monitoring period February 2002 to May 
2002), Placer County, California: report for PG&E Hydro Generation Department, June 
10, 2002; 4 p. plus figures and CD. 

Piedmom GeoSciences, and PG&E Geosciences Department, 2002, Hydrogeologic analysis, 
Middle Fork Tunnel and Surge Shaft (monitoring period 21 October 2000 to 10 June 
2002), Placer County, California: report for PG&E Hydro Generation Department, 
September 5, 2002; 29 p. plus tables, figures and CD. 

Piedmont GeoSciences Inc., 2003, Data from Middle Fork borings B2, Middle Fork Tunnel 
and Surge Shaft, Placer County, California with supplemental Boring B-1 data: Report 
prepared for PG&E Hydro Generation Department, March, 2002, containing B-2 boring 
log, B-2 optical televiewer log, B-2 packer test results, figures and Boring B-1 
supplemental data.- 

Piedmont GeoSciences Inc. and Geosciences Department, 2003, Data from Middle Fork 
borings B4, BS, and drains, Middle Fork Tunnel and Surge Shaft, Placer County, 
California: Report prepared for PG&E Hydro Generation Department, January 30, 2003, 
containing boring logs, optical and BHTV dips logs for B4 and B5, logs of drains D1 to 
D5, tables of piezometer construction, drain borings, and fracture data from B4 and B5, 
map, cross section, summary logs orB4, B5, and B6, and other figures. 

Piedmont GeoSciences, and PG&E Geosciences Department (Mihevc, T.M., Bacon, S.N., 
Sawyer, T.M.., Page, W.D,, and McManus, R.M.), 2003, weir, flume and well monitoring 
data, Middle Fork Tunnel and Surge Shaft (monitoring period July 2002 to January 2003), 
Placer County, California: report for PG&E Hydro Generation Department, March 12, 
2003, 8 p. plus figures and CD. 
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