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ABSTR'CT

! table is presented of the predicted nvers; e annusl temp-
. rrﬁinre for disch:rge water from Oxbow cnd Low Hells Cenyon

Porecest computatlons cre for a medfen viver flow yeor,

et effect of these two reservoirs on the thermsl structure
off the river will be smell.
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INTRODUCTICN

This 1s the fifth report in this series dealing with wzter temper-

atures in the Sn-ke Fiver Bsgin.

Technicel Feport No. 1. A Preliminary Fstim:.te of Temperature Conditions
in Prownlee Reservoir end in the Snucke River Below Brownlee Dsm, July 18,

1057.

Technicsl Report No. 2. FEvaluation of Snwke Fiver Besin Thermogreph

Progrem for Reservoir Temperczture Studies, September 25, 1957.

Technicsl Report No. 3. Results of Trip to Sncrke River on 4 October 1957.

October 12, 1957.

Technicsl Report No. 4. A Second Forecast of Temperature Conditions in
the Brownlee Reservoir snd in the Snake Piver Below Brownlee Dam. October

31, 1957.

The present report completes preliminery predictions for water temp-
erature conditions for all three of the Idsho Power Conpany's plantgewe
Brownlee, Oxbow, and the Low Hells Canyon. It is planned that similar
predictions will be completed durins the next several months for the two
plents which are under considerstion by the Pacific Northwest Fower
Compsny, Plezsant Valley sand Mountein Sheep.

The forecast predictions for esch reservoir depend on the acecursey

of the foreccsts which have been made for upstream reservoirs. With sech
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succeeding reservoir, the renge of zccurrcy necess-rily decreases.
However, the relstive chenge which ecch reservoir contributes to

the temper=ture structure of the river mzy be forecast with better =ce-

urzey than the actual terpercture structure itself. This is particularly

true for the run~of=-thee-river plents considered in the present report.

OXBOW RESERVOIR

The projected Oxbow Dem #nd reservoir is cl-ssified 2s ., run~of-
the-river plsnt simil:r to other low dam and reservoir systems such as
Bonneville end Fock Islsnd on the Columbi: River.

The pl-nned regulr-ted river flow dct:. for & medi:n flow year for
dischrrge through Brownlee D=m (Idaho Power Compzny, July 6, 1957) w=s
comp~red to the predicted cver:ge volume of Oxbow Feservoir. It was
found th:t a volume of water equal to the full volume of Oxbow Reservoir
would flow through the reservoir on en averzge of once each 1.3 days
during each of the seven months from November through Mey. During August,
the month with the lowest predicted regulzted flow, it would tcke only
twiée this long, or 2.6 days, to replice the wster in the reservoir.

The penstock inlet in Oxbow Dam is to be just cbove the mid-Gepth
of the reservoir. The top of the inlet is less th-n 25 feet from the
normzl pool surface elevestion. Less then 6% of the volume of the reservoir
1s more then 25 feet below the bottom of the penstock entrznce.

The relatively shallow depth of 100 feet, snd the mid-depth locstion
of the penstock entrance combined with tke very repid rete of £low through
the reserveir will produce a turbulent flow regime in ths upper 75 feet

of the ressrvoir above an elevation of upproximetely 1725 fest. This

regime in turn will produce an essentially homogenous temper:ture structure




both verticzlly snd horisontally throughout the reservoir above espprox-
. imetely 1725 feet at any riven time. It is possible that mznipulations
of flow through Brownlee m:y set up smell trensient gradients et times.
A verticel tempersture gredient of severesl degrees may occur in the
bottom 4% or 5% of the reservoir below en elevetion of approxim=tely
' 1725 feet.

The predicted water temperztures from Report 4 of this series of
reports wes used as ¢ sterting point in the forecrsting computstions for
Oxbow Peseryoir. This prediction wos for e medirn or slightly over a
medisn flow yeor.

The hest budret which w:s computed for hezt crossing the woter
surface of Brownlee Feservoir w:s recomputed to tske into account the
slight chenre in latitude between the reservoirs. The cloud cover, wind,
end other deta were extended bzck in time in order to have a broeder base
for determining means for the heat budget. The difference between the
predicted surfece temperature cycle for Brownlee's Reservoir and the
cycle for the wzter entering Oxbow Reservoir from Brownlee wss zlso
taken into sccount in the new computetion.

The mean rate of heating or cooling through the surface of Oxbow
Reservoir wes computed for eech five-dery period throughout the yesr,

This heat increment was sdded to, or subtracted from, the volume of water
which-would pase through the reservqir esch five desys. Knowing the temp-
erature of the entering water, the temperature of the wzter lesving the
reservoir w:s next computed. Then, the predicted temperatures were plotted,
teking into account the average time it will teke water to pass through

the reservoir during each five-dey period. This plot gave the forecast

. tempersture of the water leaving the dem, The results are presented in
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Teble 1. Note that the maximum tempercture ch:nge between the water be-
low Brownlee Dem end below Oxbow Dcm hcs been forecast st less then helf a

derree Fshrenheit for any given dete.

LOW HELLS CAYYON DAM

Low Hells Crnyon Dam and Feservoir is tlso to be » run-of-theeriver
plant, The designed depth end volume are considerable greater then those
for Oxbow. The situztion for Low Hells Conyon Reservoir is :1so more
compliceted then for Oxbow Feservoir, due to the designed penstock gzte
house 2t the surface, The grester depth ~nd volume combined with surfzce
withdrawel should result in some verticel thermel structure in the Low
Hells Canyon Feservoir,

The reservoir w:s divided into 50-foot leyers from the surface down-
word, similer to those used in the computstion for Brownlee (Report 4).
After some tricl to determine possible withdrewsl rates from the loyers,
the following srbitrary plcture wes exemined. 75% of the drsw wes
cssigned to the surface 50 feet., Draw from the other lzyers was taken

the reciprocel of the

as proportionsl tqﬁmean distsnce from the center of the l:zyer to the center
of the surface layer times the me:zn nrea of the layer. (This is almost
identleal to the arbitrery system used for computetion on Brownlee Reservoir
¢t minimum pool elevation where 77% of the drew was mssigned to the top
56-foot leryer.) According to this srbitrsry estimate, 75% of the discherge
would be drawn from the surfcce layer; 21.6% from the next layer; and only
331 and ,3% respectively from the next two lsyers.

Considering the rerulsted flow rate of the river 2nd the volume of

each layer, it wzs found thet for the seven months from November through

May, the top layer would be replzced 1.16 times (116%); the second layer




70%; snd third and fourth leyers 35% =nd 269 during eszch five-day period.
Fer the low flow month of August, 61% of the top lzyer would be repl:=ced
eech five days and 37%, 18%, 13%, of the other three l:yers.

With this srbitrery assignment of discharge from the verious layers,
only 3.4% of the discherge comes from the bottom two lsyers (100 feet)
end thus the temperzture of the bottom helf of the reservoir could not
meterially ¢ffect the dischsrge temperzture. The top two leyers with
96,6% of the discherge would be repl-ced from .37 times to 1,16 times esch
five days with an cverage replzcement time of c=pproxim:tely 7 dzys. The
above indicrtes = rspid rate of turnover in the suréace leye;s which
would control the outflow temperrture., Assignment of higher rates of
withdrewsl from the bottom 100 feet, to say 20% of the totsl withdrewel,
would mesn thet these bottom weters would be replrced in sn sverzge time
of less than = week.

No consistant.combination of estimated withdrawsl rates from diff-
erent depths chenges the fezct that any depth that furnjishes enourh water
to effect the outfzll tempercture will h:ve its weters rzpidly replcced
with new water coming in &t the top of the reservoir.

For this reeson, detziled computetion with set withdr=wel retes from
ezch layer w:=8 not cerried out. Instead, the following two sets of
comput:tions were czrried out:

1, A turbulent regime w:s considered with thorough mixins throughout
the reservoir. The hezting or cooline through the surfzce wss zpplied
to 11 the wrter pzssing through the reservoir, The trevel time wes
computed on the bosis of the volume of the re=ervoir et normel pool elev-

etion end the predicted regulsted river flow through Brownlee Dam. The

temperature of the outflowing uster wrns computed on these assumptions.
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2. I the gseond fprroach, it wes considered that turbulence extended
down to 50 fcet below the surface =nd that 611 withdrawsl was from this
top 50 feet. 211 hect exchenged with the stmosphere w:s considered to
flow into or out of the top 50 feet. MWext, the tempersture of the out-
flowing wrter wes computed on these =ssumptions.

The resulting two sets of forecrst temperztures were compered for
each five days for the whole yezr. The maximum tempersture difference
between the two sets of computztions wre 0,7°F, This indicetes thet the
surfece layer practiczlly controlas the temper: ture ch:nges in the reservoir.
The mesn vrlues between those of the two predictions were computed snd
pléced in Table 1 rs the predicted temperztures for the weter le=ving the
dem. No consistent method of comput-tion brsed of different possible
withdraw=1 regimes could chsnpe the ored’cted termperatures by £s much as
# whole degree. By r consistent withdrewrl regime, it is me:-nt that if
o given percentage is taken from = riven depth ct one time, it must =21so

be tcken from the depth st rn1l other times during the period of computation.

LOW HELLS C/NYCH TUMPTR TURE DEPTH PEOFILES

Computations were not made *o forec:st the tempersture depth profile
for Low Hells Canyon Feservoir, The surfrce temperetures should be close
to the predicted terperctures oy w bax ienving the reserveir (Tsble 1).
From similerity to Brownlee, Cwihea, nd wrsnd Coules Feservoirs, the
witer column will probebly be fsnthzrm:) fpem the surface to the bottom
from Octeber 1 throush Pabrurry, “he wurfuce layer should be nexrly isoe
therral down to 50 feet for the ~wat o7 tie your. # gradus)l 5 to 100F
gredient should extend from the 50afr< tevel to the bottom, This r=dient
below 50 feet will very greotly frowm yeir to yesr, depending on the river

flow, It will be most marked durin- verrs with relutively low flow during

the eriticul months of April, M-y, :nd Juwe
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Balow Balow Below
Dete Rrownlea Oxo0w flells Canyon
. Jan. 1 30.0°F 38 7OF 38.5°F
1 39.0 23.8 38,0
21 3°.0 23,8 38,2
Feb., 1 3¢.0 38,9 38.5
11 3.0 3C,.0 33.8
21 39.0 3.0 39.1
i Mar., 1 39.4 3@04 39 -Ib
11 40,0 40.3 40,2
2 42,3 42,0 41.8
Apr. 1 4.9 AT Lt o2
11 48,1 47.9 £7.5
21 50,7 50,6 50,3
May 1 53.3 53.2 5302
11 55.0 55,0 55.3
21 57.0 56,9 57.2
Jun. 1 59.6 59.6 5¢.7
1 61.5 £1.6 6l1.9
2 63.5 63,6 63.8
Jul, 1 65.6 65,8 65,8
11 67.1 6703 670’%
21 68.3 68.4 68.4
Aug. 1 69.3 60,2 69,2
11 70.2 70,0 €C .4
21 70.7 70.4 6°.9
Sep., 1 7C.6 70.3 6c.8
11 69.9 60.6 6.3
21 68,5 £8.4 68.3
: Oct., 1 66.1 66.0 66.0
11 62.8 63.0 63.4
5 21 60,6 60.6 60,3
Nov.. 1 57-2 5702 5705
11 54.3 5442 54..3
21 51.2 51,2 51.2
Dee, 1 48.1 48,2 48,2
11 45.1 45.1 45,3
21 42.0 42.2 4205
Table 1.
. Fredicted water temperztures below Brownlee, Oxbow, snd Low

Heils Canyon Dams for a medisn flow year.




