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Denver, Cclcrado, May IQ,ll943.

MEDRANDIM TO CHIEF DESIGNING ENGINEER
{J. N. Bradiey)

Subject: Model tests to investigate extent of'recircclation‘of condenser
cooling water at Antioch steam electric plant Central V&lley
project.

DESCRIPTION AND sCOPE"cF :INVES'TIGATI.ON S
1. The El ant. A steam electric plant ia propasad on the San Joaquin _

River near Antioch, California to firm up the hydroelectric power which

will be gemerated at Shasts and Keswick dams. The Shasta and Keswick

plants are scheduled to generate a maximum of 450, OOO kilowatts and the -
tentative capacity of the steam electric plant 1» 150,000, w1th provision
for an additional 150,000 should thc‘additional capacity be Justified by

future demands. ; v N - l

This report deals entirely with modcl studies in connection With the

cooling water for the steam-electric plant condensers.l‘_Fcr the‘ultimate

‘Kerr, S. L., and Moyer,‘StAnley,.“Hydraulic"Eﬁgineering:Prcblems at
Southwark Generation Station,® Trans. A.S.M.E., vol. 64, No. 6, -

instcllation of 300,000 kilowattc, pfelimihér& ccmﬁutccion;ficdicatedffhct‘
a discharge of 1,000 second—feetwillqgc recuircdﬁfcr éicglempcsc‘coﬁdcn--
sers allowing a rise of 6.5 degrees (Fahrenheit) above river uater tempera-.
ture; or; 480 second-feet will be reeded for double—pass condensers per—
pitting a 16.5-degree temperature rise, Twelve pumps cf 85-second-foot
capacity each are proposed for the maximum instellation if 1,000 second-
feet of cooling water is required, or twelve puﬁps_of_hO—secondpfoot capac~
ity should LBO second-feet of cooling water be desircd.. A tentative layout




of the plant 'is shown on fignre l,'and the pnmp'house issshDWn_on figufe'25
The following model tests were made for the .above maximum conditions;t_o‘

2. The model. The model, constructed on a l 1100 undistorted scale,.
measured approxlmately 30 by 14 feet yet . 1nc1uded only a small nortion of‘
the river adjacent to the steam plant 91te, The extent of the model and
the coordinate system utlllzed for reoonding-results are shown on'figure-B
The pump house and outlet conduits for the ultimate installatlon, flgure 2,
were constructed to scale in the model Thermometers were placed in secm
tions of transparent pipe in the 1ntake conduits for observ1ng any temper—
. 8ture rise which might accompany recirculatlon of the heated water iasuing‘
from the outlet conduits, figure 4. The intake dlscharge was: throttled
by two one-inch, calibrated, gate valvea -and then wasted lnto the labora-
tory sump. | _ _ | :

A circular tank was provided- for mixing hot and cold water to. obtain
the desired temperature for the outlet diecharge water. A motor-driven
stirring device was used to obtain a constant temperature throughout the
mixing tank. The device llfted the cooler water from the bottom,of the
tank and dlscharged it radially near the surface of the liquid with ex—
cellent results. The tempered water then passed 1nto the two discharge
conduits, in which thermometers were installed and finally diachar"ed in-.
to a trapezoidal outlet channel in the river, figure k. | Flow through the
‘outlet plpes was also coptrolled by two one-lnch, calibrated gate valves.
Although intake water was wasted directly intc the sump, compensation for
heat lost in this way was made by raising the temperature of.the cutlet

water 2 corresponding amount.

" The model river bed; which included approximately one-half the width

of the river, was first molded to shape in send with the aid of metal
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templates. The shallower portion, including the pump intake bay and outlet
channel, on the Antioch side was capped with a thin shell of concrete to N
stabilize this portion of the bed, while the*deeper.part,of_the_river.chan-

nel remained of sand.

As the most extreme condition fcr heaﬁing of the intake'weter will

occur when the tide is flowing up the rlver w1th a. correspondingly low flow '
of fresh water down the river, the model was constructed to duplicate only _;
the flood-tide condition. A water supply was provided at the downstream:

end of the model to create flow up the river, and an adJustable weir was
.provided at the upstream end by which the nlde level oould be regulated.

The tide level could be observed dlrectly by means of the floet gage, -
shown on flgure 5A, A veloc1ty neter readlng accurately to 0.4 foot per
second was specislly developed to callbrate the tldal flow in the model'
figure 5B. It comsisted of a Luc1ty sphere ch58551ng a den51ty ellghtly
greater than water. The buoyancy efrect of the sphere in water, plus the ’
very minute force produced by the.veloc1ty head of the floW1ng water, re- |
sulted in a moderate sw1ng of the needle for extremely low ve1001ties. :

To obtain the correct tidal prlem flowing upstream on the model 1t , 
was necessary to resort to a rather 1abor10us trial process. Commencinga
with the tide-stage velocity curve for the San Joaquin River at Antioch"
shown on figure 6, flood tlde was duplicated on the model by settlng the‘f
tide height with respect to model time by the_adjustable.weir. Simulta—
neously the tidal discherge in the upstream di;eoﬁion was regulated to.'e
produce oorresponding tide velocities with fespeot to time. Manj repetie
tions were necessary before a discharge curve was developed which was in
step with the correct velocity, tide stage, and time. Due to the large

volume of the model, a small deviation from the true dieohafge produced

7
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a loss or accumulation of storage, caueing_the=remainder of the cycle to
be in error, The correct discharge curve as developed for flow fide on
the model is shown on figure 7.: This tidal prism, hewever; bears no =
definite relation to the field data es,oniy.a portion of the riﬁer'width -
was utilized in the model. | . | )

3. Interpretation of results. The pr:mary purpose of the test

program was to determlne whether recirculatlon of the heated condenser
water would occur during flood tlde, and 1f ee, to_what extent,:as heatlng_
of the condenser intake watef would be féfiéciéd in a reduction in‘effi—_f
clency of the power plant. With the cutlet lecated dEwn river:from‘the
intake, recirculation could.bccuf only during flbod or.sleck;fide;'there~‘
fore the study was limited to this-portien qf £he‘£ide cyﬁle;” The |
recirculation problem was considered in-two parts-' (l) a fluld flow study
in which all factors in the model bear a known definite relatlon to the
prototype and (2) a thenmodynamlc study 1n which loss of'heat and rate of
stratification occur at practically the same rate in model and prototype.
In the latter, interpretation of model results is leas certaln than in thei’

former case,

The true similitude. relationships which exist between model-and

prototype are listed below. The letter N denotes seeie“retie which, in
this case, is 1:100.

Dimension
Linear feet

Areas - square feet

Volumes ~ cubic feet




Dimension Prdtotgpé 7 Model

_ . T
Time - seconds L Tp 375
a ' N
. B ¢ v
Velocity ~ feet per second - Vp = ._TP_. 5 7
v ' _ P Nl ¥
o 3 o
, L S A Q R B o
Discharge — second-feet _ Qp.z'_;ll_; —P 1:100,000
: _ G 5/2 !
: P N
T
5 oy _ g
Acceleration - ft./sec. ap‘ﬁ‘wrp : 8, 1 ¥
T .' ‘  3' . H- SR ’
Energy ~ B.t.u. , Hp = 1},'Wtf“_‘ f;gf %;31;000:000
Power - B.t.u. per hra‘ R o= Qp w§. ‘;gﬁi‘ ;=;OQ:000 .
where '
w = unit weight of watef,"énd'
t = temperature rise in degrees Fahrenheit,

The following thermodynam;c relationships exist between model and

prototype..
Dimchsionj‘ o o L . Ratio
Density. of water (at given temperature).‘-, o 1a1 T .%U

Rate of heat loss to air byvconductlon‘and con=
vection per square foot of surface (other _
factors being equal in model and prototype) oo lel

Rate of conduction of heat to adjacent river bed STSRTE
per square foot of contact surface. . 1:1 approx.

Rate of transfer of heat to adjacent river water

: by mixing. 1:1 .appfox.
Rate of stratification (produced by warmer water o '
of less density rising to surface). 1:1 approx.




With the exception of the first two, all the above ratios are approximate '

due to numerous factors whirh influence similarity between model and prototype. -
Some of the most common of these factors are as follows:

1. Differencés in tempefature differential between air and'
water for model and prototype.  This factor is difficult- .
to control and would affect rate of heat loss to air. -

Difference in humidity of air in model and prototype.
This factor would influence evaporation rate and thus :
affect rate of heat loss to air.,

Difference in rate of heat loss to atmosphere due to-
variation of w1nd velocity in model and prototype.

Difference in conduction. of heat to river bed due to
shallowness of model. «

Difference in rate of stratlflcatlon in model and proto-
type produced by horizontal veloclty component of flow
which was one-tenth of that in the prototype :

Difference in rate of heat transfer to.adJacent river
water due to variation in mixing. ‘The mixing action
would be dimensicnally to scale were it not for the .
fact that the stratification rate is practlcally the .
same in model and prototypeo_ -

It is apparent from the &boVe ratios that it will be nocessgfy to
treat the flow and the heat studies as-separate problems. The-model w&é'
therefore initially operated to observe fluid motion and seooﬁdl& to

study heat flow,

FLOW-STUDY RESULTS

+
iy :

RENTE AT
i/

4. Originsl design (test 1). The original deéign, figufe g;iﬁas
first operated to locate predominating currents and determine tho’éxteht
of recirculation. Two runs were made, and this is true of all following
designs: namely, 1,000 second-feet {0.01Q second-foot, model) of flow
from condensers with 6,5~-degree Fahrenheit ﬁemperature rise above intake

water temperature, and 480 second-feet (0.0048 second-foot, model)

13
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discharge from condensers with 16. S—degree rise above.intake.water-r
temperature. REach run was begun at slack trde, extended through the l
flood~tide portion of the cycle, and conclnded at the follow1ng slack-tidex'
period, figures 6 and 7. True flow similitude was adpered 0 throughoutr
these tests; such that time'aﬁd_vélocities in‘thé'model were one—ténth df
those walues in the prototype and flow was in the ratio of l.lOO 000 It'
was planned to pump cool water from the rlver bottom to the condensers o
and discharge the heated water near the surface, as indlcated on figure 2 |
The flow pattern for the orlginal d381gn-ls piptorlalized ror flood
tide on figure 8. Dye was used to dﬁlor thelhéateg cbndeﬁser”water,ﬁaqd
the time indicated on the figure represeﬁts prcﬁotypé minutés afﬁer slack;
tide. During slack tide, figure 8A, the heatad water spread out on the
surface over a considerable area. Twenty mlnutes later a slow tide-_,:
velocity had forced the condenser dlscharge water toward the shore, fig—
ure 8B. As the tide veloclty 1ncreased the flow pattern assumed the ‘
forms shown in photographs C, D, and E, during which time the heated water
passed directly over the pump intake bay on its course upstream. Photo-
graph F shows the pattern as the heated water commenced to spread again at?I
the following slack—tide perlod | |
During each run, temperature reédiags weré taken at various &qpths
with accurately calibrated thermometersffor'each interséctién boiﬁtldffihe )
grid system, figureé 4 and 8. The thgrho@eters Wére_mruntéd:in horizontal R
racks and were read in a totally submerged position. These réadings‘werg -
recorded during the periéd of maximﬁm vélocity upstre#ﬁ, which.was con-
sidered the most adverse conditioﬁl. The grid system bears no significant

relation to the plant but merely served as a convenient means of recording

15
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and photographing results. The grid lihes-es shown'were.loo feet apart in
each direction, or one foot abart in the ﬁedel.

Cross sections on figure 9 show the measured temperature rlse, above
tlde»water temperature, at varlous points throughout the grid system pro-'.
duced by 1,000 second=-feet of’ condenser water, heated approxlmately 6 5
degrees, discharging into the river, In thls case the intake water was
heated 1.4 degrees above tide;watef temperature by reclrculatlon, The pump
bay as located in the orlginal desngn formed a dead slowly rotatlng pool
of water in which heat tended to accumulate w1th t:.me° ThiS'lS evidenced :
by the manner in which the colored water remained in the pump bay after

slack tide, flgure 8F

Figure 10 shows cross sections of the.temperature”rise brodueedjby'a

discharge of 480 second-feet. which was heated-lé;ﬁ degreee.in.its ﬁassage '
through the condensers. Recireulaeion, in this case, heateﬁ.ﬁhe;inﬁeke-
water 2.1 degrees above tide_watef‘temperatﬁre. The B.t.u. content;diSQ
charged into the river was slightly‘gfeater in the‘lattef case; ahd_ﬁhiéf
is evidenced by a larger temperature rise,e.;‘ o B

5. Discharge conduits extended 500 feet (test 2). -In"'én att.einbt. td |

obtain better mirxing action with the eﬂﬂler water in the river, the conr

denser discharge was conducted 500 feet farther out into the. river by

extending the two dlscharge conduits, as shown ineﬁiguras 11 end 12, ‘The"

photographs on figure 12 recor@‘the heatea"flew ﬁattefn during’the'flpodf:_“

tide cycle from slack water to sleck water., - A comparison of these photo-

graphs with these on figure 8 shows that the heated water moved about

100 feet farther-oui intoc the river for the outlet extension; however, heat

accumulated in the pump bay as in the former case. Confetti floating on

the water surface of the pump bay, figure 12E, illustrates the type of slow,
s . _
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rotating motion experienced at this 1ocat10n.‘ The temperature riee producedi
in the river by the heated condenser water with the outlet conduits extended
500 feet is shown on figures 13 and lh for discharges of 1, 000 seccnd—feet
with 6.5-degree heating and 480 second—feet with 16 .5~degree heating, |
respectively. The recorded temperature rise may appear erratic at ecme
points, but this is not necessarily truec The flow, 1n most casee,.aesumed
a diagonal course across the grid; thus the croes sections as shown were |
seldom parallel with the current. ConSidered.as a whcle,‘the temperature'
records are satisfactory. The intake;water temperature ihcreased-OTE degreeej
above tide-water temperature for the 1,000 second—foot discharge and 1.5
degrees for the 480 second-foot discharge. The -amount of recirculation in
this case was leas than for the original design. | hi SR ]“. -
“6. Dike on downstream side of pump h;x,ﬁtest<31 In a second attempt

ﬁ
to reduce recirculatlon, the outlet-pipe extenSion was removed and a dike

was placed along the downstream Side of the pump bay, figures 15 and 16,

in anticipation thet the heated water would be directed away from the intake. f"

Photographs of the heated-water pettern are shown for‘the flood—tiqe-cycle

on figure 16. Photograph 16B shows that the dike did direct the warm water
farther out into the river at the 1ntake however, the predominating flow of
the tide again forced it toward the ehore 1mmediately after pass;ng the
extremity of the dike. A amall portion of thie heated water was attracted to
the pump bay by the slowly rotating motion of the water therein which_grad—

ually produced an accumulation of heat comparable to that in the previous:

designs. Photograph 16C shows an accumulation of colored water in the pump

bay after 120 minutes (prototype time) and photograph F demonstrates the

manner in which the colored water remained in the bay during slack tide. =
Cross sections showing measured temperature rise in the river are shown for

25
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a condenser discharge of 1,000 second-feet and 480 secona;feet on-figuree‘
17 and 18, respectively. The former shows an intake—weter tempereture rise _
of 1.L degrees caused by recirculaticn, while the latter recorded tempera— g

ture rise was 1.9 degrees.

7. Discharge directlg above intake (test 5Y), In a feurth scheme to

reduce the temperature rise of the 1ntake water, the pump houee WAS Y@~
located and the heated condenser water was discharged in a +hin sheet
directly over’ the pump intakes, figures 19 and. 20. The manner in which
the model pump house was reVised to obtain this condition is shown ‘on figure.
21A. The heated water currents ohtained with this layout are shown on -
figure 20. Temperature-rise ccnditions in the river are shown on figure 22
for a condenser discharge of 1, 000 second-feet heated 6.5 degrees, and a Z.
similar record is shown on figu*e 23 for a discharge of hSO second—feet
heated 16.5 degrees above intake—water temperature. The tempera ure rise
of the intake water was 1.2 degrees in ‘he first case and l 6 degrees in
the second whizh indicates that the extent of recirculation for this ler
out is little different than that =xperienced in previoue tests.‘

8. Split-outlet channels (test 4).- It was desired to develop a

design in which recirculation w0uld be absent or minimized as much as,
practically possible. The result is shown on figures 2& and °5 in which

a split-outlet channel with automatic diverter gate was util*ved to control
- the direction of flow of the heated condenser water as 1t entered the
river. The heated water was diverted downetrcam at ebb tide and up river
during flood tide, as shown by the photographs on figure 25. A dimen-
sioned sketch of the diverter and split-outlet channels as used in the
model, 1s shown on figure 21B. The diverter gate could be controlled.by

a velocity device vwhich would actuate a relay when flow revereed in the

35
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river or the same result could be: obtained by the use of a clock.- Shquld
the gate ever fail to operate, no hydraulic damage could result.

Results showing temparature rise in the river for a condensar discharéa
of 1,000 second-feet with 6 5—degree heatlng and ABD second—feet with 16 5-
degree heating above intake-water temperature are ahown on figures 26 and
27, respectively. In both cases no tamperature rise of the intake water was.
recorded, giving the result desired.l In this design, heating or the intake
water could oceur only at slack t*de, which according to figure 6 can

-exist bpt a few mlnutes.

9. Summary of hydraulic—flow studies;.lThe'folldwing'tabié_sﬁmEA?izeé

the results of the hydrauliec~flow study:

TABLE l

Temperature Rise of Intake Water above R;ver—water Temperature ‘

1,000 second-feet _ 480 .'secohd-‘feet‘ .
Av. heating| Temperature | Av. heating | Temperature
by .| crisezt. | - by - ]  riseat.

| condensers, . intake, : | condensers, intake,
Design degrees F. deg;ees F. degrees F, degrees F.

Original design | .8 ‘ 1.h ‘ | "“14.3  - ‘  2 1
(test 1) . R . ,

Discharge conduits
extended 500 feet
(test 2)

Dike on downstream
side of pump bay
(test 3)

Discharge directly
above intake
(test 5)

Split-outlet channelsd
(test L)




HEAT—STUHI RESUUTS

10. Analysis of heat‘losses. The heat in the condenser diecharge f_

water can be dissipated in three ways: (l) heet loss to the surrounding
atmosphere by convection and evaporation, (2) heat loss to the river bed
by conduction, and (3) heat transfer to the cooler rlver water by con-
duction and miximg. In the first two: cases the heet loss to the atmosphere
and the river bed is primsrily a function of the. oontact aress. In the j_t
last case volumes are the governing factor.. ] » : o SN
As stated prev1ously, tbe rate of dissipatlon and stratlficatlon of ‘
heat in model and the prototype bears the ratio of approximately 1: l.__:
Assuming that the initial temperatures in- model ‘and - prototype are the same,
the heat supply to the model is proportional to the quentity of heated con~-
denser water entering the river per un1t of tlme 1n the ratio of l/lOO 000.'o
The heated-water pettern, as it moves from the outlet to inteke in the _
model, occupies a surface area equal to l/lO 000 of that of the prototype
As the heat losees, due to convection and evaporatlon at the surface and
conduction to the river bed, are proportional to the areas exposed, the
model losses per unit of time will be 1/10,000 of those in the prototype. |
The relative losses o atmosphere and river bed are therefore proportion—“‘
ately *lggiggg- or ten times larger 1n the model. Thus the temperature
drop experienced 1n the model due to the above losses, was ten times too‘

great.

As the degree of heating of the intake water was of priﬁsry intereet,

the surface area bef:ﬁ:n the outlet and pump intake, shown by the-extent

of the color 4 figure 8E, Wil pe considered. This involves sn area quual.l

to 800 x 250- 200,000 sguarefeet, prototype. From figure 10, the con-

denser dischige water was g¢2 degrees with a corresponding air temperature
39




of 68 degrees, producing a differantial at the outlet of 12. 2 degreea.

The differential between air and water at the pump intake was -1 7 degrees.
From studies on this subject mede by R. E. Glover and F G. Allen -

their memorandum has been included in this report - surfhce convection |

from air to the water produces a gain of heat approximating 2 O B tou, per-i'

hour per square foot of surface per degree (Fahrenheit) of differential,

which amounts to 800,000 B. t. u. par kour for the prototype Evaporaticn,"_h""

on the other hand, is responeible for a: loss of heat fnom water to air of
21,8 B.t.u. per square foot of surface, which is equal to 4,367 000 B.t. u.‘
per hour.. The net loss of heat by the water, from theae tno causea, is .
therefore 3,567,000 B.t.u. per hour. The total‘amount of heet entering‘the‘.
river from the condenser outlets, using river;nater temperature‘aS“base,
equals o ‘ S |
16.4 x 480 x 62. uxaéoo 1, 768 t.oo 000 B. t..u. per hour.v_:?.__ o

The heat loss to the atmosphere is therefore |

67,000 _ . 0.20 percent'of-the totai;

According to Messrs, Glover and Allen the heat: conduction from the .
heated water to the river bed should be approximately 8.0 B t.u. per squareehi
foot of contact surface per degree of differentiai per‘houn for the iirst
hour after reversal of Iiow-in the river, and one—half this anount there&f E
after. According to their computations, the loss of heat from water to
stream bed is about 3,520,000 B.t.u. for the first hour of flood tide,
which is 0.20 percent of the total heat entering thelriver. The comhined
heat loss to the atmosphere and river bed is.therefore approximately 0.40
percent of the total, leaving 99.60 percent of the.heat to be transferred

to the adjacent cocler river water by mixing. It is now apparent that the

¢

ko




convection, evaporation; and river-bed conduction loesee, which were not to
scale, are of little importance and could: be neglected in theee computations.
Interpretations of model temperatures would be complicated were it not for :7
the faet that all of the above losses are. smell in comparison to the heat :"‘
transferred to the river water by mixing action. Proof of the unimportence -
of the above makes it poseible to deel primarily with the third loss which
is basioally a hydreulic—flow problem.‘ | 3

The transfer of heat ‘from the warmer to the.cooler weter is produced by
mixing acticon which, if exa.ctly similar :Ln model and prototype, is governed

by the laws of hydrauliec similitude. In salinity studies which involve the

flow of fresh and salt water,'it has been customary to regard the ecale'ratio‘3ij

of densities-as 1:1. Experimente by the U. S. Waterwaye Experiment Station
have shown that the source of error: from this procedure ie negligible as the
density flow of salt water with freeh water, observed from models, duplicatee :
the prototype action closely. This is known es a conservative concentration
vhich can be altered locally only by the procese of difiueion and advection.
It so happens that heat content in an aqueouS'eolution falla unde: the.same‘

category and the action is similar.l I both caeee,;hoﬁever, it ie eesentiai |

1Sverdru.p, Johnson, and Fleming "The Ooeans, Their Physice, Chemistry and
General Blology." Prentice Hall Publiehers, P. 358

thét turbulent flow exist in the model bo obbain similar flow conditions with

those of the prototype. The lack of a definite method of proof of turbulence
in the medel diecouraged a mathematical expression to this end; however, it
can be stated that from observation the flow in the model, used in these

tests, was not laminar.
Referring to figure 6, the average maximum prototype velocity in the

river for the condition shown on figure 8D is 2,0 feet per second.
L1




Conseguently, . the velocity of the " ad water near the shore is about 1. 5
feet per second.‘ The averar *nu of the colored area measured

normal te the shore 1ine, Jare-feetr_ The_total“discharge

flowing through the céiéf\ &l to ‘;-}‘

1. 5 x 2250 = 3 375 set Ad-feet
Of this flow, 480 second—feet or lL 2 percent enters the river at 80 2
degrees while 85.8 percent of this total discharge 15 rive* weter at a tem—‘f
perature of 63.8 degrees. With thorough mlxing, the resulting temperature .

of these two masses of water should be

- 480 x ee 23§7§895_x éz, ;'Sé}ispdeéreesfp

or 2.33 degrees above the temperature of the undlsturbed rlver water,.

A more accurate figure is obtalned by repeating the computat:on and
deducting the heat loss to the atmosphere and river bed In thie case the
temperature increaee above river—water temperature, at the pump 1ntake,
should be : T :-“',r‘f_ﬁ-,‘% L
Dty = _:LLL-JA—-J—-—l%_J_WLL_L__G’S 00 0227'5' < gTLOJOCOB’ s 20 OO? = 2. 32 degreeo.. :
Referring to figure lO the temperature rise at the pump lntake for the
above conditions was found to be 2.l_degrees from the.model. The agreef -
ment is within the experimental error expected‘in a.study of thie kind |
The tests previously described under "Flow-Study Results"” are not merely
comparative but repreeent true prototype results within limits. _It‘is
felt that the prototype intake temperature rise as listed in Table 1 will
not differ more than 25 percent from those obtained on the model for any
given set of conditions. The figures in Table 1 appl} for upstream veloci-

ties from one to two feet per second. This is evidenced by the photographs
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in figure 8 whiéh‘show little Chénge‘iﬁ“the flbw p&ttefn ovef'thiS'rangeQ_--rﬂ'

It should be repeated that the tests, :.ncluded herein were made i‘or the
most adverse condltlons wh:.ch cdn prevail at ‘bhe prototype site.,‘ Ihat.her
the ext.ent of heating due to recn.rculation, as :Lndicat.ed by the modal
tests; is sufficient to be: ob:jectlonable depends on & st.ndy of the planﬁ

equipment, which is beyond t.he scope of this report. ,' _‘ -

| J. N, Bxffadlgy L




Denver, Colorado, May 3, 1943.

MEMORANDIM TO MR. J. N. BRADLEY
(R. E, Glover and F. C. Allen)

Subject: Study of cooling water temperature durlng reversal of stream_‘
flow past the Antioch Steam Plant - Gentral Valley Project e

1. The stream from which condenser cooling water is taken for the ;
Antioch Steam Plant is subject-to a periodic- reversal .of flow due to
tidal effects. This revereal of flow places the cooling water inlet to
the power plant below the cooling water outlet relative to-the direction
of water f{low and, due to imperfect mixing, causes the temperature of ..~
the water at the 1nlet to be appreciably influenced ‘by. the warm water :
discharged from the power plapt. Tests made in the Hydraulic: Laboratory
on a model of the stream in the vicinity of the power plant have. yie]ded.
data on the magnitude of this effect. It is the purpose of this study
to evaluate the relative effects of. mlxlng and of heat losses upon the
water temperatures. o W ‘

2. The follow1ng data have been determlnad from the dimenSLons of .
the prototype and from tests on the model of the stream-

(a) Distance between water inlet and outlet openings = 80O feet
(b) Water flow through power plant = 480 second-feet .

(c) Average width of return channel = 250 feet.

(d) Return flow in river bed after mlxlng = 3400 second—feet
(e) Average velocity in return channel = 1,5 feet per second
(f) Average depth of return channel = 9, 07 feet.

(g) Temperature of water in stream = 63.8° F.. .

(h) Temperature of water entering power plant ='65.9° F, .

(1) Temperature of water leaving power plamt = 80.2° F,

{j) Ambient air temperature = 68 F. ' S

3. On the basis of the above date, the temperature of the water
mixture (500 second-feet of water at 80, 2° F. and 2900 second-feet of
water at 63.8° F.) in the return channel should be 66.2 F. ‘Since the
measured temperature at the Jpower plant inlet was 65.9° F. in the model
test, the difference of 0.3° F. should be at least partially accounted
for by the net effect of heat losses from the water in the return chan—‘
nel during transit from the cutlet to the inlet openings.

L. The following assumptions were made in evaluating the heat - losaes
from the return channel:

(a) The film conductance at the water-stream bed boundary is
infinite.




(b) TBe film.conductance at the water-air surface is 2.0 B. t.u./
(hr. x ft. °F.). S | o

(c The relative humidity in the 1aboratory iuvabout 50 percent.,

(d) The temperature of the water in the return channel is unifonm
and constant at the average value of 66° .

() The conductivity of the stream bed is 1.00 B t.u /(hr. x ft.._-:

°F.). , _
(f) The diffusivity of‘the étream'bad s Q,ozsrp,?/hr..'

5. The heat gained by 'the water due to convection at the surface
is sbout 800;000 B.t.u. per hour, and the heat lost by the water due S
to evapuratlon is about 4,367,000 B.t.u. per hour. The net loss at the
" surface is therefore 3,567,000 B,t,u. per hour. . This accounts for a '
water temperature drop at the inlet ‘to the power plant of about O OOh? F.j[

6. The total heat loss at the water-stream bed. boundary would be _
about 3,520,000 B.t.u. during the first hour of operation under reversed -
stream flow conditions. This accounts for a water temperature drop at
the inlet to the power plant of about O. OOhé ¥., which is an average
value for the first hour. This would: decreaae during aubsequent hours
of operation. .

7. The total temperature drop which can be accounted for by heat
losses at the air surface and water-stream bed ooundary is therefore
about 0,009° F, for the prototype. - By analogy, the temperature drop
would be about ten Limes as great in the model test or about O. .09 F. -
This amounts to about une-third of the measured deviation. : "

8. Under the assumed condltlons of operation, the unlt‘heat losses
for the three factors considered in estimating the temperature drop are: =

Convection = 2.0 B‘touo/(hf; x ft. 2 .‘dF.) R
Evaperation = 21.8 B, t,u /(hr. x ft. 2) )

Conduction = 4.0 Bot.u./(hr. x £t.2. °F ) at the end of
the first hour.

= 8.0 B.t.u. /(hr. x ft.2 x °F.) average during
first hour.
9. The temperature of the cooling water entering the power plant
during periods of reversed flow of the stream would be affected by .
factors not considered here. For instance, imperfect mixing and non-
uniform temperatures in the return channel would have some influence.




However, it. is =spparent that. the haat losses to thu.a stream bed: a.nd the L
ambient air have only & superficial intluence,: end. that mixing with = -
river water is the major factor in determining the tmnpfarat-ure of t‘ho
cooling water under the assumed wnditiona of. operat.ion. S

(Sgd ) R. E. Glovar.
(ssd) F._C ‘Alen. .



