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Date : JlIL 1 1 ISOO

I have'reviewed the record of the fisheryresourees.problemson the
HokelumneRiver. It is my opinion that B;;sub!tantialportion'of,the
-problems are due to East Bay Municipal Utility District's operation of
Pardee end Camanche Reservoir. The attached staff report provides a summary
of the w~tp.r quality problems in Camanche Res.rvo1r and the lower Mokelumne
River 8.nd recommennations for their resolution.

If you require further assistance, piease feel free to telephone me at
4... 7970.

Attachment

cc: Antonia Vcrster
Central Valley Regional Board,

Sacramento
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III.

STAFF REPORT
DIVISION OF WATER QUALITY

STATE WATER RESOURCES CONTROL BOARD

WATER QUALITY PROBLEMS ASSOCIATED WITH
OPERATION OF PARDEE AND CAMANCHE RESERVOIR.

I. Sackaround

Pardee:and Camanche Reservoirs~were constructed and are operated by the. East
Bay';t:1unj~ipa lUt11.1 ~y;"p istrj ct:·(EBMUO)~on';;the:~Moke1umne~:R iver. Camanche

.Reser.voir Lis downs tream :from :.P.ardee,;:Reser.vcir.~:·:~::'Waterdsdiverted from
Pardee";Reservoir'~for'fmunicipa 1;:purp'oses<in'YAlimeda:.and ~Contra ..Costa
Count ie!. ..Hater" collected ;In:~Ci1mQnchc.~nC:lcr.voir:,J~L,.1"clci1ocd·into "the ....
Moke1umne;R iver·to:satisfY!.senior.~downstrearil:water.:r.ights,and :to provide a
watersupp ly tothe'Mokelumne .RiverFish::Instal lation ..(MRFI).

Over the last few years, there have been problems with the fishery resources
on the Mokelumne River. There have.been fish kills at MRFIanda decline in
the number of anadramous fish returning to .spawn in the Mokelumne River.
The following discussion .provides a summary of the water quality problems in
Camanche Resp.rvoir and the lower Mokelumne River and recommendations for
their resolution.

II. ~~ryefic;al Use~

The beneficial uses of Camanche Reservoir and the lower Mokelumne from .
Camanche Reservoir to the Delta are listed in the Regional Water Quality
Control Board, Central v.alley Region's (Central Valley Regional Board) Water
Quality Control Plan (Basin Plan)l. Camanche Reservoir's beneficial uses
are municipal and domestic supply, irrigation, stock watering, water
contact recreation, nonwater-contact recreation, warm freshwater hab1tat,
cold freshwater habitat, fish migration, fish spawning, and wildlife
habitat. The lower Mokelumne's beneficial uses are irrigation, stock
watering, watp.r-cont~ct recreation, rafting, nonwater-contact recreation,
warm freshwater habitat, cold freshwater habitat, fish migration,
fishspawning, and wildlife habitat.

Water_Quality Objet:tives and .£..':'Jteri~

'--' .._.,

Regional Boards are required to adopt Basin Plans for all areas within the
-..regjon_(Water:,_Code,_S~ct5~ULJJ.?4QL_The Basin Plans establish w(\tcr quality
obj~c;~J'I~~ .. 'o'{hi ch ensure thp. reasonab 1e'prc"tecfion"of"benefic ia" us~s-{wa ter ' ....
Code Section' 1'324 r)~"'''-SU'te-'bff i ce·s~"-dc·partrr.ent~-;-"and--boards,'''·in-'ccuryi n~·-,---,--,,- ..
out activities which may affect water qualitY,arc reqUired to comply with
Basin Plans approved or adopted by the State Water Resources Control BOJrd
(Stat~ Board) unless otherwise directed or authorized by statute (Water Code
Section 13246). .

The Central Valley Regional Board Basin ~lan contains the following,
applicable water quality objectives.

,.......-.~,. ._•••• • ••· ...u
••••• ' II. _.,.., •••• _ • ••• ......... • " •••••• ' I ....~.'~ •• ~••_ ......_.~•••.----.~...,."",. ............. .-- ••• .-. ... ....
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A. Dissolved Oxygen (DO) - The monthly median of the mean daily 00
concentration 'shall not fall below 85 percent of saturation in the main
water mass -and-the~95!percent concentration shall not fall below 75
percent of:saturation. The 0.0. concentrations shall not be reduced
'below-the follow;ng~,minimum levels at any time •.

o,Waters ~de~igriated~;cold-freshwater-;habitat- 7.Omgl1 ..
.o:"Water,s';;designated'-fish -;spawning - 7.0 .:mg/1

B.-,Temperature - ThfFnat~ra1 receiving "water:'temperature'of-- intras tate
:-watersisha11 not"be,a lteredun less:;t:;:can :,be~:;demonstratedto 'the
satisfaction of ,the_Regional -Board that 'such alteration in-temperature
doesnot:adversely.affect beneficial -uses.

At 'no time'o'or-place shall the temperature of any warm or cold
freshwater habitat be increased more than 50 F above natural receiving
water temperature.

C. Sediment - The suspanded sediment load and suspended sediment discharge
rate of surface waters shall not be altered in such a manner as to cause
nuisance or adversely affect beneficial uses.

D. Turbidity- Waters shall be free of changes in turbidity that cause
nuisance or adversely affect beneficial uses.

Increases in turbidity attributable to controllable water Quality
factors shall not exceed the following limits:

o Where natural turbidity is between 0 and 50 Jackson Turbidity Units
(JTU) , increases shall not exceed 20 percent.

E. TQxicity - All waters shall he maintained free of.toxic substances in
concentrations that are toxic to or that produce detrimental
physiological responses in human, plant, animal, or aquatic iife.
Compliance with this objective wi" be determined by use of indicator
or,ganisrns, analyses of species diversity, population density, growth
anomalies, bioassays of appropriate duration or other appropriate

_._ .. m~~ho~t~ __ ~_~ __~_p~_~iLL~~_~y__ the Regiona 1 Board. '
....-._ ..__..... _~.- _.----.._---_._._--_ ..__ ._--_ .. _....- -----_._._-_ .. - ---_._._._._ .._----_ .. _._.. __ .

--'In--a.-dd-i t-ion-to -these--Bas-in-P-lan--object i ves ,--EPAc-and-the-Sta-te-Boar-d--have -----------
derived water quality criteria for specific pollut3nts. These criteria ha~e

not been adoptHo as objectives, but they are used as guidelines by State and
Reglcna1 8o~rd st.nff in n~~p.ssing whether beneficial uses are completely
protected. The following table lists the applicijble criteria.
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State .. Board
Criteria u 11 3

1000·

Maximum

750
0.64
3.9

l-hour
Avera e

21' 30

4-day
Avera e
, .~.,

'S7
·.O~32 .

" 3~'O .

EPA National Ambient Water Quality
Criteria to Protect Freshwater Aquatic
Life (ug/1)2

'·'IV. ""Pr-oblemDescript ion

Review of the record indicates that, for management purposes, the problems
in Camanche Reservoir and the lower Mokelumne River can be divided into two
separable categories. The first problem is a long-term chronic problem
caused by high concentrations of dissolved metals. Data collected by the
California Department of Fish and Game from 1981 to 1983 at MRFI illustrate
this problem. Out of 535 samples, 154 samples exceeded the chrQnic zinc
criterion (28.8% exceedance, maximum concentration Of

S
l.2.mg/l)4. Review

of more recent data shows that this problem continues. Th!,source of
this pr~blem appears tO,be abandoned mines in the watershed.

i'
I

]

The second problem is a short-term acute problem associated with drought
conditions. The problem is caused by both low water levels and high energy
events at the liquid~solid interface of Camanche Reservoir. The following
specific events are in the record. On September 23, 1977, EBMUO released a
30 minute discharge of 750 cfs from Pardee Reservoir which scoured sediments
from the old Mokelumne River channel. Sediment associated toxicants caused
a major fish kill in Camanche Reservoir6• There have been major fish
Ie i 115 in the Make lumne River Fish losta llat ion (MRFI) in the fall 'of 1987
and in the fall of 1989 due to poor water quality. In the fall of 198B,

! . 'MRFLwas nonfunct~on~l due to low flow, but most of the few test fish held
(.·at/.the hatchery d1Cd7• Presumably, the poor water qua l1ty over these
.: -oT--·-·-------years-a-lso-caused·-f-ish-k.ills_on__the__ lower_~l~t~~l~.!1'n~_River. The peor water

-" ---j' -"- -_quatity."js __c:.h~r~~_~~~_1.~ed by low 00, high hydrogen sulfHle-;-hlgh-----··-·--- ..
,". temperatures ,high turD-,ei ty-;-and"sed-;ment-associ-ilted-·-toxi~ants-such-as-.- _

aluminum, iron, copper, and zincS,7. The poor water quality is caused by
depletion of the hypolimnion in Ca~anchc Reservoir' followed by early
destratification and wind-induced mixing at the water-sediment interface 7,
These.types of water quality problems (scouring of the sediments, depletion
of the hypol imnion, wind-induced mixing of sediments) are within EBt'~UDI 5
water resource management control of Camanche and Pardee Reservoirs.
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It i~ difficult to quantitatively establish whether the temperature
objective is being exceeded because the natural receiving water
temperature is not defined. How~ver, depletion of the hypolimnion oy~r

the last several ye~rs has caused s;gnifir.ant tp.mpp.ratur~ inc~eases in
tha lower Mokelumne. For example, 1n September 1988 the water

. ~temperature tn MRFI reached approximAtely 23.5cC (74.30 F)9. A
temperature of 200e is cftenused AS ~ Ir.tlximum for salmon gro..... th and
these higher temperatures indic~te thermal r-tress 7.

C.Thesuspended sediment discharge rate from Cam~nche Reservoir is
adversely affecting beneficial uses.

B.

Chemical oxidant injection eliminates toxicity caused by reduced compounds
such as hydrogen sulfide, but it does not eliminate other water quality
concerns such as temperature, suspended sediment, and metal toxicity. In
some cases, such as potassium permanganate injection, the oxidant itself
;ntroduces pollutants into the water column. Physical alterations of
reservoir outlets and addition of aeration systems will not eliminate
problems caused by high energy events at the liqUid-solid interface.

v. Conclusions

" w

?"~;~~Of.:;i~hepr;mary water quality concerns at Cam~nche Reservoir is polluted
"ea.1.me,nts~ These sediments contain high concentrations of aluminum, iron,
~QPpi!rl!;i~~.n~;:zinc, and leachate ,derived.from these sediments also contains
':~\g!!;~S;Q.~c~,",~r.at i~ns of these elements5• Lab~ratory toxi ~ity tests
emOi'lstrate"'that'the leachate is capable of lnduc;ng toxlceffects S• The
':·-Cis,~j;~n.~e]y;sources;of .the .polluted :sediments arp. ahancioned mines in the
"KJi:",,~ ..·:;~ti9Wever·t;,even . if::these':sourc:es.-are'e1iminated , ..there-rnain ing ;;polluted

""entSC;;fintthe :reservo irconst itute;! ·long..term'management·:problem.
;\,:>-,"'-~' '. • ." - •

":;e:~~~~'{rg~nera l·;:appr,~aches:·to '.soJ v,ing,~:the i'.shor.t-term'1acute ~'pr:obl em·
. 1,..,,~~~e~:~~,:'7:The~;.f.;rst;;approach ·;is·to':~c~angethe ·water resour,ce·~m~nag~ment

I~:,,:{:.~:;:.,./:.> .. ..;.'~"i~ ~l.'~:es ~at';Camanc:h~and Pardee'Res~rvo 1rs:to;keep :the:water "qua1~ ty
I ~;·~,:;:i<t;t:,;~%pni9~.~.~ms;::::"fr9m :~occu~r1ng •..·.The spec1f1c,:management;.pract1ces::that::w 111.:;s~ 1ve
.~i.' ,i;;-ii::i:i'.;:t-;:':/'\t~:~~e:~~p,r:~~:lem~~re'.ma lntenance .. of a :m1nlmUm;,poo1;idepth' at~amanche :,ReserVOlr ..
I::::';~\~' .. andf:el1minatlon of surge.flows from Pardee-,Reservoir"wh1ch:scouri.downstream
\l)B.if.~';::·' .criver'~ch_anne 1s. Asecondapproachh to. deve lop a phys ica lor ~hemical:fix

.' to ::.,these .,prob1ems. A number of proposa15 of th is nature are be 1ng ,ins ta , ,ed
lit.· or considered by EBMUO including potassium pennanganate injection, pumping
II water to the upper outlet, addition of a multi-level selective withdrawal

outlet structure, in-reservoir hypolimnetic aeration, and pure oxygen
- injection at the reservoir outlet. None of these proposals, however, will
~ solve the entire range of water quality problems in both the 'ow~r Mokelumne
U and Camanche Reservoir.

D

I
m
Ii The aquatic habitat beneficial uses of Camanche Reservoir and the lower
. . Mokelumne River are not being protected. This conclusion is based on

.'0 documented fish kills in the watershed and evidence that the follovling

I· ,:'~ specific water quality objectives are not being met.
- _--_._..__._--------_._-_._--_._-_ _._-.._----------- -----_.._-- _. __._ " "- --------- _._-----_._--~-_._- -- _..,. "-'--"--' _. - .. - --_.- .,... ,".- .-.. '" .- --_ -.

.--._--..·.. ~----A.- ..-.The--dissolved...oxygcn-objp.ct.i-ve--o.L.1.0-mg/Lis__occasJonally_not_b.eJng ..._.. . ..__Ii met7,8 on the lower Mokelumne River.

I:,.
->1.,/:.'\;',~ ... '

Ir:·~::~:··
,:.:."~ :"..-

'~&a;~;;·;£{ "."""
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O. The turbidity objective is occasionally exceeded in the lower Mokelumne.
As an example, the 1987 turbidity, measured in JTU at MRFI, increased
from'a summer value of less than 2 JTU to 12 JTU on September 1 to 30
JTU on October 27•

E•.. Thetoxicityobjective is not being met •

.' .VI • Recommendations .

"Th'e~tol1owing,:::condit;ons;shou ld;be .incorpor.ated1ntoEBMUO I swater' right
permitsinthe~Mokelumne;watershed. . W«.ttl'" "t\rt.Q(( d4YAJ"

A. Aminimum:pool elevation at Camanche Reservoir ould be established.
EBMUOshould collect sufficient informationc:alculate an appropriate
minimum pool. In the interim, a minimum'po of approximately 190 feet
(water depthe 27 meters) should be established. 7ThiS elevation is based
on the 1imnology analysis of Camanche Reservoir I and a review of
reservoir elevations over the last twenty years (Attachment 1). EBMUD
presently appears to be operating Camanche and Pardee Reservoir in such
a way as to ensure that an approximate Camanche Reservoir elevation of
190 feet will be met this fall.

B. A DO limit of 7.0 ppm should be established on discharges from Cam~nche
Reservoir. A point of compliance which protects beneficial uses should
also be established. The current U.S. Army Corps of Engineers Power
Plant Permit for Camanche O~m requires a 00 level of 5.0 ppm me~sured
500 feet downstream of the powerhouse. '

C. A maximum turbidity level should be established for discharges from
Camanche Reservoir. In order to implement the Basin Plan turbidity
limit, the turbidity from Camanche Reservoir discharges should not
exceed 20 perce~t of the turbidity of flow! into Pardee Reservoir. It
is not clear that EBMUO has the capacity to comply with such a
requirement. If compliance ;s infeasible, EBMUD should be required to
develop a technically feasible turbidity limit that will protect
benef ; c: ia1 uses •

. ---------------.--D.--A-temper_atJJ_r~_lil!!jJ__~_h~!:!_td be established for discharges from Camanche
Reservo ir. A recent State-Soara"aclio·rr-fcfr--tfflp.rJses-from- Shasta---DJm'---

---- ._-. -,,··----------·--est-ablishcd--a-maximum--temper'lture-of--S60F-.-when--necessary_to__pr_oJe~J .. _
the 'salmon fishery. A similar limit should be set for the Mokelumne
River and the California Department ofFish and Gdme should establish
the periods in which this limit applfc~. lf com~liance is infeasible,
EB~UD should be r~quil'ed to develop a technically feasible telilpenltul"e
limit that will protect beneficial usp.~.

E. SucfOp.n high releases from Pardee R2servoir which SCrJUf sediments should
be eliminated during low water level$ in Cam~nche Reservoir.

F. This surr.mary has not diseuss~d flow requirements, but protection of t~le

spawning and migratory fish habitat beneficial uses requires minimum
flows on the Mokelumne River. Thp. CAlifornia Department of Fish anJ
Game is preparing m;nirr.1Jm flow reccmmendntions for the lower' Nokelui:1I1";.
and the r~cm::~,jp.ndetl flow:; should bu included ill the water right: p~l·m,t.
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These water quality-based recommp.nd~tions have obvious water quantity
implications. No attempt was made in this analysis to balance water

rquality/water quantity issues. The balancing cf these issues is the
r~sponsibility of the State Board .

.' ~.: . .:. :.:". .::"

.....

__.. .....'1 _ .. • __.. ._.__ ._ ..•..•..• ..•.__
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Attachment 1

CAMANCHE RESERVOIR
STORAGE AND SURFACE EVALUATION (USGS)

YEAR MONTH

202 79 SEP 343600' . 223
201 OC·T 318100 219

,,:.. 217 SO ,SEP,~·. 323900, ,,220
211 'OCT'" 298400 216
215 81 SEP 256300 209
212 OCT 254200 209
218 82 SEP 350500 224
212 OCT 313400 218
207 83 SEP 353200 224
207 OCT 304300 217
219 84 SEP 351700 224
217 OCT 322040 220
222 85 SEP 246170 207
217 OCT 246000 207
222 86 SEP 337000 222
217 OCT 318000 219
196 87 SEP 118000 180
194 OCT 109000 178
158 sa SEP 10000
157 OCT
222 89 SEP
217 OCT 142187 186

. - _ _ :. ---_._--~..,..,-_._,- -------_.- -- - .-. ----_. " .. " - ----- - .. ---_. - -----._- "'-" ----_ ~-------.- -- _. '. -'--- '--._. - .._._- - -----_. _ -_. __. __ .. -- - .. _._-_..-- --, .. '. -,- ._-
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