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ABSTRACT

Visual observations, field measurements, and laboratory analyses
indicated that turbid releases from Trinity Reservoir were caused
py withdrawal from a turbid density current which probably orig-

inated during the December 1964 flood. Very fine particles of =

-clay were suspended in the cool lower layers of Trinity and ‘

Whiskeytown Reservoirs. The particles were identified by petro-
. graphic examination as primarily montmorillonite and kaolinite

with a size considerably less than one micron. The turbidity

disappeared as the reservoir cooled to anearly uniform temper-

ature during the winter season of 1965-66. Additional sampling

in the fall of 1966 is recommended to determine if the turbidity
reappears with a renewal of temperature stratification.’

DESCRIPTORS-- *reservoirs/ #density currents/:hydraulics/ o
*water quality/ *stratification/ *turbidity/ research and develop-
ment/ flood/ temperature/ suspended sediments/ ¢lay minerals/

- kaolin/ montmorillonites/ silts/ water anziysis
. IDENTIFIERS-- stratified flow/ thermal stratification/ Central

- Valley Proj, Calif/ California/ Trinity Dam, Calif/ Whiskeytown

‘Dam, Calif/ selective level releases A
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‘THE PROBLEM f

. Followmg the December 1964 flood, releases made from Tr1n1ty
Reservoir were turbid and roily which adversely affected.the water
' :quallty “for fish propagation and downstream users. The Chief Engineer
“was asked for recommendations and advice on research and investiga-
s it1on of the problem and ‘possible correctlve measures.

CONCLUSIONS

F1eld and laboratory measurements showed a conformlty between

: -the temperature stratification and degree-of’ turb1d1ty in both Trinity

. :and Whiskeytown Reservoirs, Figure 2. ‘When the. temperature strat-
f .1f1cat10n dlsappeared the turb1d1ty reduc:ed to . zero. .

2 The reservo1r water was: of. generally good quallty but contalned
-;_':zsuspended clay materlals far less than 1 m1cron (0 0001 m) in s1ze

: "'3 The suspended materlal from Tr1n1ty Reserv01r con31sted pr1mar11y

S -of clay m1nerals kaohmte, montmorlllomte and iliite.

gy Samples frOm Whlskeytown Reserv01r were similar’ to the Tr1n1ty -
samples Sllt content was! h1gher but the part1cle slzes ‘were. smaller
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INTRODUCTION

Trinity Dam is the principal feature of the Trinity River Division of

the Central Valley Project. Trinity Reservoir, located in northern
California near Redding, Figure 1, has a Storage 'capacity of 2-1/2
million acre~-feet, Releases from Trinity Reservoir pass into

Lewiston Reservoir behind Lewiston Dam about 6 miles downstream
from Trinity Dam. Flows are diverted from Lewiston Reservoir :
through Clear. Creek Tunnel and Powerplant into Whiskeytown Reservo1r.

- The geologic formation on«the right side of Tr1n1ty Reservoir consists |
of decomposed gravels, shail les, and tuffaceous sediments that could
. be carried.by runoff into the reservoir. There are also one or two

. landslide areas around the lake. An area on the right side of the

reservoir had recently been burnt over by a forest fire. Turbidity
was observed at the surface of Trinity Reservoir immediately after
‘ithe.December 1964 flood and was apparently distributed throughout
the lake. The suspended material probably settled into the lower
portion of the reservoir during normal summer stratification, thus
providing the source of the turbid releases. The Regional Director -
‘in October 1965 expressed.concern over the possible effects’of the .
.cont1nued turb1d releases on downstream water users/’,//,:’/

L T

' “The suspended materlal might have or1g1nated in the main channel

. or tributaries upstream:from the reservoir during the flood or might
. have.been caused by torrential rains w1th heavy runoff or landshdes

. 1n the reservcur area

Water samples were obta.uled from Tr1n1ty REServo1r and several

. . points as far ‘downstream as Whiskeytown Reserveir for limited

-~ chemical/ analyses Turbidity and temperature data obtained during.
 sampling aided in defining the stratification and in tracing the density
~ current through the reservoir system. Well-defined stratification

" .was observed in October and December 1965- by March 23, 1"566

the strat1f1cat1on was, very weak

Color photographs Showed that the turb1d releases were. greemsh-'

3 -'r{;_yellow the discolored water carried through ‘Whiskeytown Reservoir

~;and - was- d1scharged into’ Clear Creek at ‘Whiskeytown Dam. ‘It was
: -},also reported that.discharge from Spring Creek’ Powerplant down=.
o stream from Whlskeytown ‘was. turb1d and greemsh-yellow in, color




The turb1d1ty problem apparently extended through the system;
therefore, water samples and temperature and turbidity data were
‘taken at several points in the system. Primary attention was given
to Trinity Reservoir, where the problem originated, and Whlskeytown,
' .Reservo1r near the downstream end of the system _ ,./5

ey
A
PN

| ’The mtake structure at Tr1n1ty Dam allows W1thdrawal from the raser-.

voir at one level only.. Modifications to the structure to permit/selectives .-

withdrawal could not be economically justified. The volume of floc~ .
culants’ reqmred to coagulate and settle suspended material in a reser-
~ .voir of this size was also impractical. Therefore, there appeared to .
- be no practicable solution to-this problem. However, as indicated by
“the data of March 23, 1966, a density current is no longer present.
Either the turbidity was diffused throughout the reservoir during
‘temperature destratification in the spring, or releases from the"‘.
reservoir consumed the dense lower layer. The former premise .
appears more likely. The problem could reappear, however, which
lends importance to the design of muliiple outlets for reservoirs.

PROBLEM ANALYSIS

" Field Samphng and Measurements '

" Table 1 lists’ the 1ocat1ons from which water. quallty samples were.
obtained for laboratory analysis. . Temperature and turbidity prof11es g
. were’ ‘also obta.lned at-each locatlon _Initial ‘sampling at several pomts :
inthe system was accomphshed on'October 27, 28, and 29, 1965, - ©
- Additional samples were obtained in Trinity Reservmr, Wh1skeytown

SR Reservoir, and insthe Trinity- ‘River- below Lewiston Dam on December 1 .~
. n.and 2, '1965. These samples: -were sent 10 .Denver for a.nalysm On .
. March 23, 1968, several: samples were taken from Trinity Reservoir,

S _and two. of these: were a.nalyzed in the Denver Laboratory :

"~Temperature, turb1d1ty, and d1ssolved oxygen meaSurements are hsted‘

in Table'2 and variations in temperature and turbidity are shown graph- ‘

:ically in: F1gure 2: Turb1d1ty values were determined in the Region 2 - -
“laboratory at'Sacramento using both a Hach Colorimeter and a Jackson

o ‘Candle..  The Jackson. Candle data, - xpressed as.J ackson Candle Unltv. .

o A{J. C U ) are presented in Table 2 a.nd F1gure 2.0 ._\‘3_" =

F1gure 2 clearly 1ndlcates the presence of strat1f1cat1on in’ Tnmty _
:.and’ Whlskeytown ‘Reservoirs in.October and December 1965, .1In. both -

“reservoirs, ‘the cooler layer ‘oc¢cupied:the greatest: portion of the. depth o

In general “the turbid’ region corresponded to the -cool layer of the - -

'.‘temperature stratification; “Figure 2B-also shows thatthe largest «.», .

“concentrationiofithe- turb1d1ty was-on'the‘main arm of Trinity. Reservmr.'
L The f1gure"ﬁéalso.shows that the temperature stratlfleatlon a.nd turb1d1ty




were present in Whiskeytown Reservoir, as had been indicated earlier
- by visual observations. On March 23, 1966, the temperature stratifica-
tion in Trinity Reservoir was quite weak but the water temperature was
cooler than observed in October and December. The absence of well-
defined stratification may account for the zero turbidity observed on
this date. The suspended material may have diffused through the reser- -
vo1r thus reducing the concentratmn to a negligible quantity. : -

LaboratorxAnalyses , _ | ' .

The results of analyses performed by the Chem1cal Engineering Branch -
in Denver are summarized in Table 3. Although all the December - . R
- samples listed in Table 2 were available, only the five from the upstream N
and downstream limits of the system were chosen for analysis. Two of R
. the March samples were submitted; one was used for chemical analysis
' and the other ‘was pressure- f11tered for petrographic 2xamination.

The December samples; Al and A4 near the bottom of Trinity ‘Reservoir,
remained colloidal even after centrifuging. The samples remained tur-
‘bid after 10 days and no improvement was gained from the add1t1on of

a fiocculating agent. ¥ /;/ A S

Re51dues from’ Samples A4 and D1 in Trinity Reservmr were exammed
- by microscope and X-ray diffraction in theé Petrographic Laboratory, S .
' The results were generally similar for each of the ,samples, which . o -
- ‘were believed to adequately represent the material suspended in Trinity .
. and Whlskeytown Reservoirs. The material consisted prlmarllf” of '
_»ﬂﬂclay minerals: kaolinite, montmorillonite, and illite. . The. montmonl-
2 lonite” ”‘jJredomlna.ted in Sample A4 and the kaolinite was most abundant
~ in'D1...The clay particle size was too small to be rneasured by light
mlcroscope and the. broademng of the X-ray diffraction lines suggested
- an: average. particle size of much less than 1 micron. A few fibers and
- silt grains were also present which may have been introduced as atmos- .
-:pheric-dust, ‘The silt particles in the samples ranged up to 40 microns
.+ in diameter and could not have remained in suspensmn for a long period.
The s1lt consisted of .angular quartz, feldspar, xnlca, chlor1te, amphi-.
boles, and other umdent1f1ed mmerals : .

- Sample El from Wh1skeytown Reservoir was also exammed and- found RN
= to:be-similarto:the’ Trlnlty samples. The silt content was higher and ‘ e
‘the silt. particle size (1 to 5 microns) was smaller than in the Trinity

-samples.. "The partlcles were primarily angular with . many platy

3 (mlcaceous) and: pr1smat1c forms' corresponding to micas, chlorites,
and amphiboles. Quartz and: feldspar, with a few cottonhke fibers

. :and shreds of wood or plant material, were also present. The: clay
_-fnunerals were malnly kaohmte w1th some montmorﬂlomte

'I"he March samples, A2 and A3’ from Trmlty Reserv01r, were subm1tted o
for laboratory analys1s The chem1cal analys1s of Sample A2 is shown o




in.Table 3.. The sample was generally similar to the December
samples, with the important exception that suspended sediment was
essentially absent. Sample A3 was pressure filtered and the very
thin, buff-colored coating on a nitrocellulose filter disk was examined
in the Petrographic Laboratory.” Results of X-ray diffraction were
inconclusive because of the véry small sample size, but it seemed
likely that montmorillonite and possibly mica-clay were present.

SUMMARY OF RESULTS

Visual observations, field measurements, and laboratory analyses
clearly indicated the presence of a turbid density current in the reser-
voirs of the Trinity River:'Division. The turbidity was the result of
very fine suspended clay: particles in the cool lower layer of the tem-
- perature stratified reservoirs. The suspended material probably .
entered Trinity Reservoir during the flood of December 1964. - Sampling
"in March 1966 showed that the stratification had weakéned- durmg wmter
cooling and that the turbidity was no longer present. The absence of .
-turb1d1ty may be d1rect1y related to the condition of uniform tempera-
ture in the reservoir. The turbidity may have diffused to a negligible
concentration as the temperature stratification weakened. Additional-
‘ .samphng at’intervals is recommended to determine if the turbidity.
~again becomes prevalent as the strength of the’ temperature stratlﬂcatmn
?'1ncreases E




" Table 1

'FIELD SAMPLING LOCATIONS

Locatlon ‘

 #®@@@@0’¢5

 “Trinity Reservo:Lr 1 000 feet above dam
""Trlmty Reservoir, 6 m11es above dam on ma1n arm of

river
Trinity Reservon-, 4 m11es above dam on mam arm of
‘river '

' Trm.lty Reservoir, 4 mlles ahove dam on Stuart Fork -
. “Whiskeytown Reservoir, ‘1, 000 feet above dam
- Lewiston Reservoir at Trlm‘l:y power outlet
.‘Tallrace of Clear Creek Powerplant ~ = °

FlSh ladder below Lew1st0n Dam -




Table 2
FIELD SAMPLING RESULTS

Oetober 2T 20, and 20, 1065 —ecember T and ¥, 1965
Turbidity . C. Tepth | Tarbidity. | Lemp.
J.C.U. °F ppm J.C.u, '} °F
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‘The fallowing conversion factors adopted by the Bureau of Re:lmtiun are those puhnshed by the American Society for
Testing and Materials (ASTM Metric Practice Cudde, Januery 1964) except that additional factors (#) comnonly used in
the Pureau have been added, F‘urt.ha- dia:cuu:l.on of de.t“ini.t:l.ons of quartities epd units is given on pagee 10-11 of the
ASTM Metrie Practice Gulde. )

The pwetric unite and cosversion factors adopted by the ASTM u'e based on.the “Intmntiml System of Inits” {designated -
-.SI for Sycteme Interraticnal d'Unites), Iixed by the Imternaticnal Committes for Welghts and Measures; this gystem ia -

aleo known as the Glorgl or MESA (eeter-Xilogram {masa)-sscond-ampere) eystem. Ihis watmhubem adopted by the
;Interpaticon} Orgendgeticon for Standerdization in ISO Bmmgt.i.un B-J1,

_m wetric tec]mical uzﬂ.t. of force 1a the H.‘.Logrn—foru' this is the rme -h:l:h, ‘hgnnppued to a bodarhav:l.ng a -
Coweas of ‘2 kg, glves it an aceelerstion of 9.80665 m/uc/aec, the: stapdard acceleration of ‘free fall toward the. earth’s
- center for ses-level at L5 deg letitude. The metric umit of Ime in SI-unmits. is the pewton (N), which im defired as
th:tl'cmethich,whmappuedtoabodyhﬂngamotl\\ gives 1t an scesleration of 1 m/sec/sec, Thepe undto
must be dstinguished from the {inconstant) local welght of & -ody having a wess of 1 kg; that is, the welght of &
body 18 that force with which & body is lttmc‘bodtothem.rﬂ._"am‘i -af .a body miltiplied by the

aueelu-atim.due to_grnvity. : .

- farce" in expreseing the canversion factora fur Iurcea.

' -lensmtm in sI w.‘l.ta.

. Inchee .

Peet. . .
Yards, .
- @lee (mtm)

) Squu-s feet, .

.7 Cuble‘inehes .-
Cubdn: Test .
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ABSTRAC'l

tiona, field measurements, and laboratory analyaes
that turbid releases from Trinity Reservoir were caused
wal from a turbid denaity current which probably orig-
{ ng the Decémber 1964 flood.  Very fine particles of
‘clay were: suspended in the cool lower layers of Trinity and

wn Reservoirs.’ The particles were identified by petro-

xamination as primarily montmorillonite and kaolinite
iz r'.:onaiderably less than one micron. The turbidity
‘disapp d as the reservoir cooledtoa nearly uniform temper-
ature during the winter season of 1965-66, Additional sampling
n the fall-of 1966 is recommended to determine if the turbidity
: w1th a renewal ot‘ temperature stratu'matton

ABS’I'RACT

'bservauons, fleld measurements, and laboratory analyses

ated that turbid releases from Trinity Reservoir were caused

by withdrawal from a turbid density current which probably orig-
‘during the December 1964 flood. . Very fine particles of
re suspended in the ool lower layers of Trinity and .
own Reservoirs.  The particlés were identified by petro-
xamination as primarily montmorillonite and kaolinite
ize COnstderably less than one micron, ' The turbidity
ppeared as the reservoir cooled to a nearly uniform temper-
re during the winter Season of 1965-66.  Additional’ samplmg
“in the fall of 1966 is recommended to determine if the turbidity
e pears with a renewal of temperature stratu‘matton :

"ABSTRACT

Vipual observations, field measurements, and laboratory analyses
Indicated that turbld releases from Trinity Reservoir were caused
by withdrawal from a turbid density current which probably orig-
inated during the December 1964 flood. Very fine particles of
clay were suspended in the cool lower layers of Trinity and
Whiskeytown Reservoirs. The particles were identified by petro-
graphic examination as primarily montmorillonite and kaolinite
with a size considerably less than one micron. The turbidity
disappeared as the reservoir cooled to a nearly uniform temper-
ature during the winter season of 1965-686, Additional sampling -
in the fall of 1968 is recommended to determine if the turbidity
reappears with a renewal of temperature stratification,

ABSTRACT

Visual observations, field measurements, and laboratory analysea
indicated that turbid releases from Trinity Reservoir were caused
by withdrawal from a turbid density current which probably orig- -
inated during the December 1864 flood. . Very fine particles of
clay were suspended in the cnol lower layers of Trinity and

‘Whiskeytown Reservoira. Th® particles were identified by petro~

graphic examination a8 primarily montmorilionite and kaolinite
with a size considerably less tha:.one micron,  The turbidity :
disappeared as the regervoir coaled to a nearly uniform temper- °

ature during the winter season of 196566, Additional sampling
in the fall of 1966 is recommended to determine if the turbidity

. reappears with a renewal of temperature etraxi‘tcation.,




INVESTIGATION OF TURBID RELEASES FROM TRINITY RESER- :

VOIR --TRINITY RIVER DIVISION--CENTRAL VALLEY PROJECT,
' IFORNIA. - USBR Lab Rept Hyd-566, Hyd Br, August 1966.
f Ri amation, Denver, 5 p, 2 f1g. 5 tab
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CALIFORNIA. - USBR Lab Rept Hyd-566, Hyd Br, August 1968,
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INVESTIGATION OF TURBID RELEASES FROM TRINITY RESER-
VOIR--TRINITY RIVER DIVISION--CENTRAL VALLEY PROJECT,
CALIFORNIA. USBR Lab Rept Hyd-568, Hyd Br, August 1986.
Bureau of Reclamation, Denver, 5 p, 2 fig, 5 tab
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INVESTIGATION OF TURBID RELEASES FROM TRINITY RESER-
VOIR--TRINITY RIVER DIVISION--CENTRAL VALLEY PROJECT;
CALIFORNIA. USBR Lab Rept Hyd 566, Hyd Br, August 1986,
Bureau of Reclamation, Denver, 5 p, 2 fig; 5 tab .
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