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A graph is presented which shows the average annual tempera
Mare depth profile which has been computed and estimated for the
Brownlee Reservoir. Forecast computations and estimations are
for a median river flow year. The graph also contains forecasts
of the annual temperature cycle for the Snake Fiver below Brownlee
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P 'rC OD[1C'rl

The nrrasent forecc st of t^-nsrr:ture ^ondJ ti ors in the Brownie

reservoir is hissed on principles of continuity. The mount of wait

:nd hart enterirg r.nd ler:vinr the reservoir duri^.r rah five day

reriod from l! ?Pehrw ry to 30 September he been strictly ::cecunte

for In the determ{nption. t'or the rest o' the ye^r, temper':t.ures

hrve been estimr-.ted on the b-sie of continuity -rd Teen *e"perr-.tur

in t%?e netrby CRryl;ee reservoir.

This fcrec:=at se, 1d supersede the one m:,de in Tech-±c::1 report

No. 1 of this series. It sliou?d be considered as a "best estimate

Ft this time based on presently sveilable methods and data. Tlowev

future forerr?sts will nrobrbly not differ :reetly, for the mean ten,

err.ture distribution of the surface 'D feet or for oownstre.^m temp,

atures during the r'eriod 1 Jtn' °ry through September. This cov.'rs

the critical, warm, mid-Burner pr!Tt of the year.

Less than 6 of the volure of the reservoir, when full, is stored

below the I R "I foot e1 evn.: t° on. This s'rf 11 a ount of wetter me.y be

:-re.:tly eh,-nged by relatively small ch:.nres in the over-aril flow

pattern in the reservcir. For this rer.son, the ectu=-1 tempernrure

for my raven time may vary consider,;bly from that foree---st.. Exaem-

inrtion of sirhilahT bottom waters for roosevelt Lake, behind r-x rd

Coulee Dam, show large onnurl variotions exceeding 12°F ( Aunvst lc

43.1°; August 1144, 56.2°.)

The temperatures which are forest for fE01 are estiri.nted.
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i'hora ere some ind^_c Dticns that the estimates pre-sented for any g-h

tie in the fll wily be closer to minimum temper. tares rather tha.ki tie

or } _;drr.1r; temperatures.

HF..,T BUDGET

The. heat budget for the reservoir has been computed based on U.S.

Weather Bureau Data. Methods used rre described in Jacobs, 1951;

Anderson and S,ur, lc5C; Anderson,. 1`52; End Burt, 1954 An endeavor

w s rnr:de to compute the lone term mean annual cycle of the rate of heat

entry or ioso through the reservoir v,-ter surface. .ct details of the

computation ire beyond the scope of this report-, All computations and

methods used r.re on file at Crenon State Colle.7e where the author will

be glad to expl_in the system to my interested individuals.

The results of the he+:t budget comput=:tions !:Ire in the form of

the number of cubic feet of water that will be heated or cooled by loF

during each five-day period of the year. The combined processes of

evaporation, conduction, long wave be ck-r-adi ti on, and absorption of

short cave solar radiation ere considered. The changing ere of the

reservoir with time as its volume changes is also considered in the cal-

culations.

CCM.P J' r:TIOY

The reservoir has been divided into seven layers for purposes,of

computation. As a first approximation, the temperature in each layer

is considered to be homogenous at the beginning and at the end of each

five-day period of the year.
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The amount of hef)t and }inter in each Ir_yer rind changes in heat and

writer ere treated in the same manner re money in ' bank account. The

accounting period is 1/6 of a month, or five days. The heat involved

in -any transaction is considered proportional to the temperature times

the -mount of water involved. During each five-day period, some water

-eaves each layer to form pert of the writer discharged thrcu2h the dam.

The increment discharged takes its heat and temperature with it. At

the Name time, the water dischr.rged from each layer must be replaced

during- the five doys under consideration by water at a different temp-

erature from other layers or from inflowinr river waster. The in-flowing

river water must enter the layer with temperature close td th.t which

it has or the layer with r te^rer.:tire above it so that all lighter

waster is displaced upwards. Two other processes also occur during'

each five days. 9rst, the reservoir may be chnn in- volume and this

must be accounted for. Then, the heat budget at the surface results

in heating, or cooling the surface layer or layers by the amount com-

puted in the heat budget for the five-day period under consideration.

The process of computation began for February 15 with the whole

reservoir filled with 390 water. Computations were then made for each

layer for each five-day period from February 15 through September 30.

The starting temperature end the temperatures of the in£lo.-ing river

water were taken from' the three-year mean annual temperature cycle for

all available date_ from thermograph records for Oxbow and below Swan

Falls.

The details of the computation are given below with ; diagram to

illustrate the processes involved,
I
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`he middle, or fourth layer, in 60 feet thick. It brackets the

penstock by 16 feet on the under side and 20 feet on the top. --Layers

3, 2, and 1 beneath layer 4 are 40 feet thick. Layers 5 and 6 above

it are also 40 feet thick. Layer 7 is 17 feet thick when the reservoir

is filled. As the surface elevation decreases, layer 7 decreases to 0

thickness and disappears. Layer 6 becomes the top layer with decreasing

thickness is the eleva.ti^n drops from 2060 to 2020 feet. Between 1c'80

and 2020, layer 5 is the top layer, and at minimum pool of 1976, layer

4 is the top layer.

The table below ?ives the followinn information for each layer:

Layer Thickness of F.lev-tion Volume of % of Volume
No. Layer in Feet Feet Layer 109

Cu. Ft.
Drew of Draw

7 17 2060-2076 10.01=V7 7.9 D7
6 40 2020-2060 18.30=V6 10.3 D6

5 40 1c80-2020 13.29=V5 18.2 D5

4 60 1920-1c80 13.29=V4 50.0 D4

3 40 1980-l920` 4.57=V3 10.3 D3
2 40 1840-1880 2.18=V

22
2.7 D2

1 40 1800-1840 .65=V1 .6 D1

1, The nwnber assigned to each layer from 1 on the bottom to 7 on

top.

2. The thickness of each layer, in feet, when the reservoir is full.

Only the top l::,yer eat any given time is thinner than the thick-

ness listed.

3. The elevation above sea level of the top and bottom of each layer.

4. The volume of each layer in billions of cubic feet when the res-

ervoir is full. At other times, the volume of all layers except

the top and missin,,7 layers is the same as that listed. The

symbol Vi refers to the volume of the ith layer 'at any given time.

I

I



5. `i.'ue per cent of the water running through the penstock zhich

been assumed to be drawn from each layer when the reservoir is

full. It will be discussed below how these percentages are

changed at other times.

6. The symbol Di refers to the number of cubic feet of water which

is sssuned to flow out throuc*h the penstock from the ith layer

during any riven five-day period.

When the reservoir is full, it is assumed that 50% of the outflow

water will be drawn from the main thick layer, number 4. The draw from

each of the other layers is assumed to be inversely proportional to the

vertical distance frog the center of that layer to the level of the

center of the penstock.

Waters from the middle layer, number 4, will be moving relatively

rapidly in a. horizontal direction toward the penstock entrance. A

second assumption on the per cent of the total which leaves each layer

is based on the idea that entrainment from each layer is proportional to

the area of that layer which is exposed to the shear from above or from

below from the rapidly moving mein layer. The ratio of proportionality

has a value of less than one for the relatively small mean areas of

layers 1, 2, :nd 3, and the maximum value of one for layers 5, 6, and 7

above the main layer. The per cent of drew figures listed in the table

fire based on these two assumptions.

When the reservoir is drawn down, it is assumed that the draw from

the surface layer will decrease directly as its depth decreases. This

leaves more water to be drawn from the other layers which is assigned to

each layer in proportion to the amount drawn from the individual layers

when the reservoir is full.

11
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Aftfo layer I is gone, layer 6 becomes the top layer. Further'

dearer fr in volume of the reservoir eventually results in i^yer 5 and

aye 4 In turn becoming the for layer. On filling, the rev,-,rse coo r:

With layers 4, 5, 6, and 7 in turn becoming the ton layers.

T n eeneriil method which has been developed may be P pp
}i ea to

oat, of- conditions ihi ch may occur in the reservoir. For purpo .e s Oaf`

1 !us'Lratiou, one set of conditions has been selected for illustr. on

which i-dil be considered in detail. These conditions are listed'. below-

1. It is assumed tho:.t the reservoir is full ;;t the beginning of

the five-day period under consssidern.tion. 1?owever, the elev-

ation of the reservoir decreases during the five-day peH'.fod

by such an amount that the total vole'-,.e of the reservoir is

changed by an amount of a VR billion cubic feet during the

five jay period.

2. During the five-day period, the temperature of the incoming

river waster, Te, is the same as the temperature of layer 4.

Therefore, the incom_ng river water is assumed to flow into

layer 4 during the whole of the five-day period.

The movement of water during the five-day period taken as an ex-

ample find the method of computing the temperature at the end. of the

five-day period rare illustrated on the first figure.

Each layer is shown in schematic form. The areas of the rect-

angle representing the layers are proportional to the volume of the

laye,"<3. The temperatures of the layers at the beginning of the period

are, respectively, T1, T2, T3, T4, T5, T6, and T7.

A volume of water Dl at a temperature Tl leaves layer one to form

-part of the discharge. This same volume of water, Dl, at a temperature
f,1
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T2 moves down from lryer=2 to layer 1 to replace the discharged water.

The temperature st the end of the five-day period, Tip, is computed from

the lower equation shown on the din. n. Layer 2 discharges a volume of

water D2 at a temperature T2. It receives water from layer 3 to replace

that diech::_rged, as well rs that moved from Layer 1 to replace the dis-

charge from layer 1. Thus, r, volume of water, Dl, at a. temperature of

T3 plus a volume of water D2 at T3 moves down from layer 3 to layer 2.

The temperature of layer 22 Et the end of the five-&.y period- is then

computed by use of the equation to the right of layer number 2 on the

diagram.

Similrr manipula:ticns are made on layer 3, 5, 6, and 7. :cch man-

ipulation is illustrated on the diagram. The discharge temperature, Tx

is computed by simply adding the vclu a of water discharged from each

layer, Di, times the temperntilre of the water discharged from each layer,

Ti, and dividing by the amount discharged during the five-day period.

The change in volume during the rive-day period is accounted for by

moving a VR at T7 from layer 7 to layer 6. In turn, the same volume at

T6 is moved from layer 6 to layer 5 end at T5 from layer 5 to layer 4.

The volume flowing in from the river, De, at Te has flowed into

lr,yer 4 to replace the w.ter dischr::rged from layer 4 and the water which

moved upward and downward from layer 4 to replace the discharge from all

of the other layers.

lifter the above manipulations have been carried out for each layer

for the rive-day period, an addition or subtraction of heat from the sun

and 'imosphere must be made to the top layer. The amount added or sub-

tracted _s determined from the beat budget study. This added or subtracted

`Dare-,:rert of bat is used to change the temperature of the t.7-p 1;rrer.



if thc =.<<.ourt of he: t during the five-day period is large, rind the top

then the top 2 1r,yers ^re considered as one. This

^r-oll !red by theoret; cn lly ^ 1xing the 2 layers together 7t the end

of the rive-day period and computing rr composite temperature for the

combined 1,rycrs. !henever the top layer becomes colder than the next

layer below, the 2 top layers are sir.:il.:.rily mixed together, and a tern,

er..tt: s is computed for the 2 layers together.

The Set of mranipulstions illustrated on the figure is adjusted to

fit p-r.rti culr_r conditions during each five-day period. For example, it

the reservoir is filling, the chance in volume, (A VR), is moved upw,]

fr- layer to it:yer rather than downward.

If the terperature of the river flowing in Et the top of the res-

ervoir is different from the main layer, 4, then the entering water rua

mix with the l;yer with the closest temperature. Thus, during the yeas

the inflowing river water may rrix with the water in any layer, depending

on the relative temperatures of the layers and the temperature of the in-

flowing water.. One extreme case occurs '.-hen the inflowi.ng water is

colder than any of the water in the reservoir. In this situation, laye

1 nd 2 are completely renD:ced by the inflowing water each five days,

along with a_. part of layer number 3. The water in layer 1 at the be-

ginning of the five-day period is partly discharged (D1) and the rest

moved up to layer ,7 The some tiling occurs to the water in layer numbe

2 as well as the part of the water in layer number 3.

The system of computation worked well until the end of September.

Predicted surface temperatures agreed well with long-term mean surface

temperatures for nearby Owyhee Poservoir. After September, the results

of the computation indicated that successive approximation techniques a

is,



needed to continue. This work, which may take considerable time, wens

postponed in order to make the first computations immediately available,,,

RESULTS

The results of the comput&tions were plotted on annual gr.ph paper

and smooth curves drawn through the values to give a mean annual te:p-

ers.ture cycle for the reservoir. This is shown on the lower half of the

next diagram. The solid lines c-re based on the computations. The dashed

lines for the rest of the year are estimates bused on continuity and

what occurs in the fall in nearby Ouyhee Reservoir.

Computed discharge temperatures are plotted on the top half of the

ding m for the period of February 15 through September 30. Discharge

temperatures are estimated for the rest of the year.

DRAW FROM TH£ BOTTOM

In discussion of the temperature problem in Brownlee Reservoir with

interested biologists, it appeared that too much credit has been given

to possible cooling from bottom waters. In the above analysis s varying

percentage of wv.ter has been taken from each bottom layer to cool the

water leaving the reservoir. This w..tor was replaced by warmer water

from above or from incoming water.

is of 1 august, it appears from the figure that an abundance of cool

water from below the penstock level has not been utilized. flow much

cooling potential does this water represent? Assure that all water below

1920 feet is mixed together and then drawn off in six equal increments.

One increment is drawn for each five day period during August. In addition,
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assume that no water is drawn from the warmer surface layers above 1980

feet. That is, the remaining exhaust water is all taken from the main

layer bracketing the penstock. The._result is discharge water for the

whole month with a temperature of 67.50°F. This is shown by the horizontal

line on the top of the figure. Now all the cold water is gone; It has

been replaced by warmer water from above and warmer w::ter coming into

the reservoir. The September discharge water then must have a mean temp-

erature of 72°F. This is illustrated by the solid line on the upper part

of the diagram.
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