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Fig. 8-1. Comparison of the vertical daytime Fig. 8-2. Vertical temperature profile showing
light curve (4) and the temperature curve (B). direct stratification and the lake regions defined

Tom Wallace Lake, Kentucky; 25 June 1952, by it.
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ANUIANAIYBIRBMYTINA AR YABAIINUINY (Table 8-1)

muldmuneduding ﬁﬁﬂ:wﬁnﬁqﬂﬁ 4 C feumiusin 1.0 '[mﬁqamafnﬁﬁa
Ysnfwnni iessniududnnin 4 C :Tm*aaumnn'hﬁa-wag"lufﬂuia t'hqmvtqﬂ
ginhdc ﬂ'nwmuum-aﬂaa Direct stratification (Fig. 8-1, B, 8-2 UAZ 8-3) uraslWiiudni
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Table 8-1. Some temperature-density refatinships of pure water at one atmosphere pressure and

with densty 1 .0 a& 4" C

C Pensity change Ratio’
LT

0-1 + 588 7.25
1-2 412 5.08
2-3 241 3 00
1.4 78 096
4-5 81 1.00
3-6 238 2.93
67 388 4.79
78 533 6.58
H-9 674 8.32
9-10 811 10.01
10-11 949 11.71
11-32 1081 13.34
12-13 1207 14.90
13-14 1328 16.39
14-15 1447 1766
1516 1564 19.30
16-17 1679 20.73
1718 1790 22.00
18- 19 1901 23 46
19-20 2008 24 79
20-21 2113 2608
2y-2z 22 7 27.37
22 2319 26.62
2u-24 2418 29.85
21325 2517 31.07
25.26 261 1 32.23
26-27 2707 33.41
27-28 2793 34.54
28-29 2888 35.65
29-30 2979 36.77

+ The ratio above is:

Density change between two adjacent temperatures
Density change between 4° and 5° C

Thus, between 24" and 25" the density change is 2517 x 10~ "; between 4” and 5" it is 81 x107’
The ratio is 25 17/81 = 3 1.07. This means that the change between 24° is more than 31 times greater
than the density change between 4° and 5°. By summation, the density change between 12" and
16" is 5546 x 107"
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Factor modifying of water and temperature gradients
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Fig. 8-3. Comparison of the temperature profiles of a cold lake (4) and a warmer lake (B) having
identical density gradients caused by temperature. Density changes shown by histograms at right.

Horizontal lines in curves represent planar thermoclines based on maximum temperature change.
o °I 1 - t ol x ‘J
Pressure A37UaUAN mflqmaqwaamwumuuumn aaiulunzieaUnsn

¥ . P T 3 1 o s 1 ° o ¥ a 9
an ﬁuﬂqq‘ﬂazﬁqtu'ﬂf‘]u'ﬁﬂﬁuqﬂ']n'J'] 4.0 C U8zA1NTY 3.94 C HIUINTSALUIMILE 9
) & o ar 0. & ) a s e
UTTHEIMA T2 NUURINTINGI Nt UUN 9 1,000 cm x | sz, 1 kg/cm2 NITIUU

ZO 422 109



L 1 ¥ o & A
\u 1.032 kg ua:ﬂﬂngamnmw‘a'n 10 waTina s A LAY ILT TR MW 9
~ s q -l i : o ) ) -
qmnqumawaomnwmuuumnmmmrm 0. C fia 100 WnT mumnqruv«qwaa
AUMUIUUKINIAINTT 500 AT VBT 3.38 C uszdInTn 1,000 WATVENINA 2.97 C

Solutes (salinity)

qmnqﬁvmmwnmuﬁwwnﬁqa%uag’ﬁun’nmﬁuqa, qmv\r‘]ﬁ-fu hypolimnion
@11 6 C MBLaTH Manito lake, Qﬂuﬁeﬁ‘ac’i'm'h 1.9C ua:mmnmuﬁumnqﬂi‘l
-0.3 ¢ Tutnngieu Lﬁaﬁﬂuﬁoﬁﬂnﬂamgazmuv‘f'z Lﬁaqmnqﬁﬂﬂﬂaadﬂaﬁﬂmnﬁ T3 tiglp Rty
i, n’nmﬁurx‘hdﬁwn sia quq'lu‘luna au‘hwam.uammﬂmmqmuu m'l“qmw‘]u
‘1utﬂﬂuuuﬂmmmﬂqﬂummmaom ua*m*m‘:au'lumtwwu maﬂmu‘uaommqu,
mam:anon’nuumun'nu mmwua:ag’lws,aumo

At RN MRS e 'lunvmmﬂnmmﬂfmmu qmuqu
U1nd Fuviaenumnukiudanuduiufifudosiu ussnduy, mqua*agmmm
1 FINRBNNWE Fig. 84 UAAINY temperature curve néduiulentuntianuiu sudivues
uamuwumu‘[ﬂumnnt swonmmiiule nauagmuu Hatuiifearaninduana:
nasen qmﬂqugdumu‘nanmﬂﬂumnmtmmnmomnmmgﬁunaguumﬂ ALY
voafudwindaufousseunaniu voeituuunindans 16eosemiudiofuacies
fumMIrzmennmuiau ﬂ'nwmuﬂmhaﬁ’u‘lﬁ'ﬂmﬁv.qn 9 &9 ufesAoy § TI8UBIEIU
HAAVBIINDITH

:‘ A .3 . ’I o L) ] x
Tusinniarudiy, qunILIIEAaT WU 0.7 C dia 7.4, winuleenluau
metalimnion 118011’1561

ii10 70 422



0.9875 0.995 1.000

Depth, cm
1

Temperature,® C

Fig. O-4. Inverse temperature Stratification in a saline desert pool. Solid line indicates temperature,
© C; broken line shows density <;f distilled water at the same temperatures. (Modified from Cole

and Minckley 1968.)
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Mifnundamn liiunsudwhedoases IunaesUinaurs e fimue Syt
. x v v oy
UNHAIIWANUBIRAFUANTT (Center of gravity, Zg); Mikegall snak AUV M TU
819, THuuaIl AU, geangil, ANAY, FITLUIUROLANITY, ﬁﬁn'z‘wgmquﬂ
3 ar ar : 1 [ - a X o v
099 NINTTALFEN T oMW uiWAL I TUARDR stability mumnwlummzmgﬂg}uﬂmmm
° A oe v a e o | 1
A8 muﬂauﬁmlmﬂaaummq'lﬂ'lm:n:mamaams, VLRNRIRDNUIDYDINHIUTE

U cgs. Stability agjﬂwﬁmmaq gm - centimeter h) centimeter2

Zm _ AZ
S =¥ (Z-2p)(Jz-/) 7 Az
VA [¢}
(o] .
A, = W.NHINEN By em?
- -~
A, = WNNAIWEN Z cm
p— i o A 1
7= muviuwiugary (wly) miae g/em?
Sz = anuRUIMUURANNED Z om
— ' A ' o
zp = awAnwihodu cm. oanumuaiuNEY
Z_ = AURNRINGRUIY cm
“m LA
5 = ATTURNRINTN %30 = 0 ¥UIW cm

Table 8-2. Data and calculations of stability stratification in Tom Wallace Lake, Kentucky, 26

June 1954,

! 11 11 IV \% Vi Vii Vill IX X

z T, A, o A.fdz pAAZ p:— P z—z; (Vx VI IX]
cm °C 10" cm?® g/cm’ ALfA, 10" em? 10" g glem?’ cm g/lem? -

50 27.7 2.150 0.99634  0.9188 215.0 21421  —0.00165 1465 1.29789
150 26.7 1.800 0.99662  0.7692 180.0 179.39 -0.00137 - 96.5 0.10164
250 209 1.500 0.99804  0.6410 150.0 149.71 40,0050 + 35 000112
350 14.0 1.235 099927  0.5278 1235 123.41 0.00128 103.5 U. 06942
450 103 0.980 094700  0.4188 98.0 97.97 0.00171 203.5 0.14574
550 8.1 0.725 0.99987  0.3098 72.5 72.49 0.00188 303.5 0.17676
650 7.3 0.470 0.99992  0.2009 47.0 47.00 0.00193 403.5 0.15645
750 7.0 0.220 0.96993  0.0940 22.0 22.0 0.00194 503.5 0.09182
850 6.9 0.010 099993  0.0043 1.0 1.00 0.00194 603.5 0.00503
Totals : 909.0 907.18 1.04642

112 20 422



m

1
o A Az= 907.18
zZ 2z

3
305 =0.99799 g/cm

= _ 1
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N~ N

(o}

By interpolation,therefore,Zp =246.5 cm.

V4 .

m A

s =% (z_za)(pz-a)A—Z AZ=1.04642 g/cm’x100 cm=104.6 g-cm/cm’
7z

(o]
o}

P
Table 82 WH@INY stability of stratification bIRTAT

m._

Area beneath curve

Depth, cm
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Fig. §-5. Stability curve of Tom Wallace Lake, Kentucky, 26 June 1954, Ase. -th curve represents

about 96.05 g-cm/cm’

. . . “ _
Fig. 8-5 JUNRAATWIIMMINTUIL

7Z0 422 113



Annual circulation patterns and lake classification
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Fig. 8-6. Comparison of summer temperature profiles from Tom Wallace Lake, 26 June 1954,
and Lake Itasca, 26 June 1970. Horizontal lined indicate planar thermoclines. Although Lake Itasca
is 9° farther north, it has a warmer hypolimnion and a higher mean temperature because of a

prolonged vernal circulation period.
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Y. L - W 3 [ A
qmquamwamlnm')maumﬂmmJaﬂuusz (Table 8-3)

Table 8-3. Latent heat of vaporization for pure water at different temperatures

°C Cal ori es per gram

0 597.3
10 591. 7
20 586.0
30 580. 4
40 574.7
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Table 8-4. Relative depths (Zm) of types of meromictic lakes in North America

Type of meromictic lake Relative depth (percent)
Ectogenic and crenogenic lakes
Big Soda. Nevada 117
Blue. Washington 2.90
Hot, Washington 2.70
Long (northern tip). Alaska 2.00 (%)
Lower Goose, Washington 3.76
Nitnat, British Columbia 3.37
Ogac, Baffin Island 4.40
Pingo, Alaska 5.50
Powell. British Columbia 3.60
Sakinaw, British Columbia 4.38
Soap. Grant Co.. Washington 1.16
soap. Okanogan Co.. Washington 1.29
Tessiarsuh. Labrador 2. 05
Vee. Alasha 0.70
Wannacutt. Washington 277
Partial meromixis. ectogenic
Cinder Cone Pggl in Zudi Sail Maar, New Mexico 4.49
G een Pond, Arizona 6. 54
Red Pond. Arizona 4.21
Biogenic meromictic lakes
Arco, Minnesota 7.67
Budd, Minnesota 6.77
Canyon. Michigan 9.69
Demming. Minnesota 792
Fayetteville Green, New York 10.03
Hall. Washington 8.46
Josephine. Minnesota 5.27
Mary. Wisconsin 20. 36
Sodon, Mit higan 10.03
Squaw (protected bay only). Minnesota 22.80
Stewart’s [Jark, Wisconsin 9.03
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Fig. 8-8. Demming Lake, Minnesota, 3 July 1963. Arrow points to slight dichothermic temperature
curve. A positive heterograde oxygen curve is present with a metalimnetic peak, and the lower
level of the euphotic zone (10 x 0.01) is indicated.
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Fig. 8-9. Idealized vertical temperature curves shown at different seasons at Red Pond, Arizona.
A, Isothermal curve in late summer; B, mesothermal curve in late winter; C,.poikilothermal
curve in late spring; and D, dichothermal curve in early summer. (Modified from Cole and co-workers

1967.)
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