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ABSTRACT 

This report describes measurements of the water lost from 
a typical submarine storage cell by eveporation to the ventilation 
air llllder a wide variety of temperature and humidity conditions. 
It was found that the water loss increases rapidly with increase in 
temperature and with decrease in hum.di ty. It is recommended that 
consideration be given to ventilating the battery with outside air 
which would have a lower temperature and higher relative humidity 
than does the ventilating air under present conditions. 
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AUTHORIZATION 

lo This problec was a.uthorized by Bureau of Engineering letter, 
reference (a). Other references pertinent to this problem are listed as 
references (b) to (e)o 

References; 

STATEMENT OF PROBLE24 

(a) BuEng let.SS/S62(7-JO-D1) of 7 Aug.1935. 
(b) NRL Confidential Report No. P-1023 of 

2 Feb.19J4. . 
(c) ONI Report on visit to H.M.S. REGULUS, 

31 October 1931, X Serial No. 879. 
(d) Vinal~ "Storage Batteries". 
(e) BuEng 1st end. SS/S38(.3-13-Dl) of 

27 March 1936 forwarding to BuC&R 
NRL let.SS/19 of 13 March 1936 to 
BuEng. 

2. The problem considered in this report is that of determining 
the water loss from a typical submarine cell during the charging process. 

KNO~N FACTS BEARING ON THE PROBLEM 

J. In the operation of submarine storage batteries, the cells 
gradually lose viater from their electrolyte. To replace this water, 
large quantities of distilled battery water must be carried by the sub­
marine. The weight and space required by this battery water are a charge 
against the mili ta.ry efficiency of the ship. 'I'he process of watering the 
120 or 240 cells in a submarine is time- consuming and troublesome and 
further reduces the military eff'iciency. Minimizing this loss of water 
by any feasible means would therefore increase the effectiveness of a 
military submarineo 

4. Submarine batteries lose water in three distinct ways: 

(1) The electrolyte may itself be lost from the cell as by leakage, 
by spraying during the gassing phase of the charge, or by splash­
ing when operating in a heavy sea. 

(2) When the cells are gassing, the electrolytic process consumes 
water which is lost as P..ydrogen and oxygen gas. 

(3) The dry ventilation oir evaporates water from the electrolyte. 

The first of these is of negligible importance in a properly operated 
submarine. The second, the gassing process, is important only during 
the gassing phase of the charge. The third process is always occurring, 
since the cells. are constantly ventile.ted. 

5o The amount of water lost from an operating battery depends 
upon the type of ventilation used. There are two general types of bat­
tery ventilation systems; the open system and the closed system. In the 
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open system, used by the British Nevy and discussed in reference (b), all 
the cells in a battery ventilate into the battery space, which in turn is 
ventilated by blowers. In the closed system, used by the United States 
Navy, all of the cells in a battery are connected to a ventilation duct 
which sucks air from the b&ttery space through the individual cells into 
the duct system. Available information indicates that the water loss 
from batteries using the open system is less than with the closed system 
(for example, in ref.(c)). 

6. Service experience has proved that operating conditions marked­
ly affect the rate of water loss. Thus, submarines operating in the 
Panama area in summer consume far more water than those in Neu London; 
submarines operating in the temperate zones in winter consume less battery 
water than in summer. 

TF.EORETICAL CONSIDERATIONS 

7. The amount of water loss by gassin~ can reaclily be calculated 
from Faraday's Law of Electrolysis {reference {d)}, or can be determined 
from the readings of a hydrogen detector fitted to the ventilation system. 

8. Some theoretical v10rk has been done on the problem of predicting 
the loss by evaporation of liquids exposed to an air stream. But since this 
evaporation depends en so many factors, this theoretical work is of limited 
value in the present problem. It does, however, sho~ that the loss of water 
from a submarine cell by evaporation depends on the follouing variables: 
the rate of flow of ventilation air; the temperature of the cell and of the 
ventilation air; the humidity of the incoming air; the speclric gravity and 
tempernturo of the electrolyte; the shape of the cell interior; and whether 
the electrolyte surface is quiescent or is disturbed, as by gassing. 

NARRATrlE OF ORIGillAL WOP..K OONE AT THIS LABORATORY ON THE PROBLm 

9o Early in the submarine battery work at this Laboratory, the 
lack of quantitati,re data on the water loss from submarine batteries was 
recognized and some data were taken t.mder service conditions on the sub­
marines UoSoSo R-3 and U.SoSo BASS. The use of water meters in the battery 
watering system permitted the determination of the water consumption, while 
humidity determinntions of the ventilation air before and after passage 
through the battery gave an idea of how much water was lost by evaporation. 
On the BASS, the difficulty of making accurate humidity measurements proved 
to be so grea.t as to make th~ results of limited value. 

10. In the present work, t,.,e water lost from a single submarine cell 
under carefully controlled conditions was determined. 

METHODS 

(a) Preparation of Materials, Etc. 

11. In the present experiments, a VlLH-29 cell with 1280 specific 
gravity electrolyte was used. It was mountod in a tank of water Ylhich 
could be heated or cooled by electric heating and refrigerating equipment 
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so that the temperature of the cell could be maintained approxi111ately con­
stant (Plate 1). The lntake of the cell was connected to a simple home­
made air conditioning device which maintained the tempercture and hUl!l.idity 
of the ventilatio:i air ot a constant value (Plate 2). The volume of the 
ventilation air was measured vdt!-1 a calibrated flow meter, while its hy­
drogen content was determined with a hydrogen detector. The temperature 
and humidity of the ventilation air before and after passing through the 
cell was measured ~1th wet and dry bulb thermometers and with chemical hy­
grometers. The latter operated on the following principle: A known volume 
of ventilation air was drawn through a chem.cal. nter absorber, the weight 
of which was determined before and after passage of the air. The increase 
in weight then gave the water content of this volume of ai~. The cell was 
charged in the usual manner from a motor generator, the charge being con­
trolled by suitable instruments. 

(b) Description of EX?§ritlents 

12. An experiment was made as follows: The cell was discharged 
a known amount (4250 A.H.) and then the charge vms startod 1vith the cell 

temperature and the temperature, and humidity of the incoming ventilation 
air being kept as nearly constant as possible. T~e temperature and humidity 
of the ventilation air, after having passed through the cell at the rate 
of 2 C.F.M. were then determined at intervals throughout the experiment. 
At the same time, all pertinent data related to the charge were taken. 
T.lo types of charge 'ilere usedi the old type me.nui'acturer's tv,o-step 
charge and an old type Bureau aulti-step charge, the TVG cun·e being uoed 
for control in each type. 

DATA OBTAINED 

13. The essential data from several charges are given in Tables 
l - 32 and some of t!lese are summarized in tbe curves of Plate J. 

14. Humidity measurements of the type used in this work are sub­
ject to large errors, necessitating, as they do, the rending of SI:1all dif­
ferences in temperature. It is considered, however, that with the large 
number of charges made, the data obtained are sufficie.~tly accurate for 
the purpose. The devising of accurate methods of humidity measurement 
under the conditions obtaining in the present experiments would itself 
be a time-consumin3 rese~ch problem. 

CONCLUSlQ~S AND RECOMrAENDATIONS 

(a) Facts Established 

(a) 

-

From the above results, the following facts are establishe<l: 

Storhge battery electrolytes have a lower vapor pressure 
than doen pure \7ater at the same temperature (Plate 5). 
Expressed in humidi t-1, air in equili briu.u with electro­
lyte of 1280 specific gr&vity has a humidity of approxi­
mately 60%, 1210 specific gravity electrolyte a humidity 
of about 75%. 
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(b) If ventilation air which is drier than air containing an 
equilibriu;n amount of water vapor for a given electrolyte 
and cell temperature is passed through a cell, the cell 
loses water by evaporation. 

(c) If the ventilation air has a higher humidity than this 
equilibrium humidity, the cell will actually pick up 
water. 

(d) With dry air, the water loss increases rapi~ with in­
crease in temperature. 

(e) At a given temperatu..?OC, the water loss increases rapidly 
wi~h decreasing humidity of the ventilation air. 

(f) Dry ventilation air passing through a cell does not be­
come aey\vhere near saturated with water. For example, 
dry air at 122° becomes less than 15% saturated. 

(g) The water loss by evaporation with the two types of 
charge is about equal under the same conditions. 

(b) Opinions 

16. A striking feature of the above results is the wide range 
of humidity over which a cell of 1280 specific gravity actually picks 
up rather than loses water. Since U.S.Navy submarines frequently operate 
in climates where the humidity is high, it mieht therefore be expected 
that submarine batteries would actually pick up water from the ventila­
tion air even with 1210 specific gravity electrolyte. It is believed 
that the reason why these batteries do not do so is this: If a submarine 
is taking in outside air having a temperature of 60° and a humidity of 
90%, as this air passes through the submarine its temperature may reach 
80° and, assuming it to pick up no water, its humidity will then be 
only 48%, so that it would evaporate water from the battery. 

17. Submarine batteries with war-time electrolyte should lose 
battery water at a slower rate than with 1210 electrolyte at the same 
temperature; but as the operating temperatures are expected to be higher 
than in peace-time, the water loss may be greater with the higher specific 
gravity electrolyte. 

18. It has previously been suggested that the glass plates now 
used in submarine cells Clight advantageously be replaced by a floating 
rubber plate of the type shown in Plate 4. This floating plate would 
serve the same function as the glass plate in reducing spray loss and 
would, at the same time, reduce water loss by evaporation by reducing 
to a minimum the exposed surface of electrolyte. 

(c) Recommendations 

19. It is recommended that the feasi!:>ility of connecting the bat­
tery ventilation system to the main ship's ventilation system in the man­
ner suggested by the Bureau of Engineering in reference (e) be considered. 
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If this were done, the v~ntilation air reaching the batterJ would be 
cooler and have a higher humidity thnn with the present system with 
the result that the batteries would be cooler and the water loss would 
be reduced. 
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Table l 

Humidity, Fia ter Loss by 

Charging TeI:12era.ture grains per cu.ft. Eva~oration1 grains. 
Time Rate, Incoming Incoming Outgoing per per 
Hours Amgeres Cell Air Air Air Cu.Ft. Half-hour 

0 0-1300 46 41 I 

1/2 1900 50 48 .15 1.05 .90 54 
1 " 52 50 .15 1.15 1.00 60 
1-1/2 " 55 " .15 1.3 1.15 69 
2 n 59 n .15 1 • .25 1.10 66 
2-1/2 1300-800 60 n .20 1.4 1.2 72 
3 ,so 60 n .25 1.4 1.2 72 
J-1/2 .330 59 48 · .30 1.4 1.1 66 

4 330 58 43 .JO 1.25 .95 57 
4-1/2 330-250 57 46 .15 1.05 .90 54 
5 250-190 55 " .10 .9 .8 48 
5-1/2 190-165 54 n .10 .85 .75 45 
6 16' 53 n .15 .9 .75 45 
6-1/2 " 52 II .10 .9 .8 48 
7 " 52 n .05 .9 .85 51 
7-1/2 " 52 n .25 .9 .65 39 
8 n 52 n .5 1.1 .6 36 

Total - 936 

Table 2 

Humidity, Water Loss by 
Charging Tem:eerature &:a.ins ~er cu.ft. Eva2oration1 grains. 

Time Rate, Incoming Incoming Outgoing per 
Hours Amperes ~ Air Air Air Cu.Ft. Half-hour 

0 0-1050 48 
1/2 1050 50 45 .45 1.05 .60 36 

l " 52 49 .45 l.05 .60 36 
1-1/2 " 53 50 .5 1.7 1.2 72 
2 ti 55 50 .6 1.7 1.1 66 
2-1/2 n 56 48 .6 1.3 • 7 42 
3 1050-330 57 59 • .25 1.25 1.0 60 
3-1/2 3.30 57 63 .4 1.35 .95 57 
4 " 57 62 .75 1.35 .6 36 
4-1/2 n 56 66 .7 1.3 .6 36 
5 " 56 50 .4 1.15 .75 45 
5-1/2 " 55 61 .4 1.2 .8 48 
6 " 54 61 .6 1.3 .7 42 
6-1/2 " 52 60 .45 1.05 .6 36 
7 " 51 50 .45 1.1 .65 39 
7-1/2 " 51 59 .35 1.05 .7 42 
8 II 51 59 .35 1.05 .7 42 

Total - 735 
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Table 3 

Humidity, \'later Loss by 
Charging Tem:12erature grains 12er cu.ft. EvnEoration1grains. 

Time Rate, Incoming Incoming Outgoing per per 
Hours Amoeres ~ Air Air Air Cu.Ft. Hnlf-hour 

0 0-1300 57 
1/2 1300 61 59 4.4 4.2 -.2 -12 

1 " 63 " Tl 4.1 -.3 -18 
1-1/2 II 65 " " 4.4 0 0 
2 1300-1050 66 II II 4.5 .1 6 
2-1/2 1050- 800 65 ti " 4.5 .l 6 
3 800- 550 64 " " 4.2 -.2 12 
3-1/2 550- 330 63 " " 4.4 0 0 
4 330 62 " It 4.5 .1 6 
4-1/2 330- 250 61 II I! J.9 -.5 -JO 
5 250 60 " n 4.2 -.2 -12 
5-1/2 190 60 " n 4.0 --4 -24 
6 190- 165 59 n " 4.0 --4 -24 
6-1/2 165 59 " II 4.0 --4 -24 
7 " 59 It " 4.0 --4 -24 
7-1/2 " 58 " " 4.0 --4 -24 
8 " 58 " " 4.0 --4 -24 

Total - -186 

Table 4 

Humidity, Uater Loss by 
Charging Tem12era. ture grains 12er cu.ft. Eva2oration1 grains. 

Time Rate, Incoming Incoming Outgoing per per 
Hours Amperes Qtl1. Air Air Air_ Cu.Ft. Half-hour 

0 0-1050 59 
1/2 1050 60 59 4.4 4.3 -.1 - 6 

l " 62 " " Tl -.1 - 6 
1-1/2 It 63 " " 4.2 -.2 -12 
2 n 63 n n " -o2 -12 
2-1/2 " 63 n " " -o2 -12 
3 " 63 " " 4.1 -.,3 -18 
3-1/2 330 62 II " II -.3 -18 
4 n 61 n n 4°3 -.1 - 6 
4-1/2 " 59 " " 3.9 -.5 -JO 
5 " 59 Tl n 4.0 -♦4 -24 
5-1/2 " 58 " n " --4 -24 
6 " 57 " " " --4 -24 
6-1/2 II 62 II " n -.4 -24 
7 II 50 n " J.8 -.6 -36 
7-1/2 " 50 " n " -.6 -36 
8 n 50 " " " -.6 -36 

Total - -324 



Table !2 

Humidity, V'~ater Loss by 
Charging Temeerature grains Qer cu.ft. Eva~oration1 grains. 

Time Rate, Incoming Incoming Outgoing per per 
Hours Amporos Cell Air Air Air Cu.Ft. Half-hour 

0 0-1300 48 
1/2 1300 50 61 .09 1.0 60 

l 11 51 63 0 1.0 6o 
1-1/2 II 53 64 0 1.0 60 
2 1300-1050 56 64 .04 1.1 1.05 63 
2-1/2 1050 -800 57 64 .04 1.1 1.05 63 
3 800 -550 57 66 .1 1.1 1.0 60 
3-1/2 550 -330 56 66 .04 1.1 1.05 63 
4 .3JO 56 66 .04 .9 .85 51 
4-1/2 3.30 -250 54 67 .04 .9 .85 51 
5 250 -190 54 68 .04 .9 .85 51 
5-1/2 190 53 70 .10 1.0 .9 54 
6 190 -165 52 72 .09 .8 .7 42 
6-1/2 l.65 53 72 .09 .8 .7 42 
7 It 53 72 .09 .8 .7 42 
7-1/2 n 52 71 .1.3 .8 .7 42 
8 n 51 70 .20 .8 .6 36 

Total - 840 

Table 6 

Humidity, Water Loss by 
Charging Temnerature grains per cu.ft. Eva2oration1grains. 

Time Rate, Incoming Incoming Outgo~ng per per 
Hours Amperes Cell Air Air Air Cu.Ft. Half-hour 

0 0-1050 ,~s 
1/2 1050 51 66 .13 1.2 1.05 63 

l II 53 72 .13 1.2 1.05 6.3 
1-1/2 n 44 76 .13 1.1 1.0 60 
2 II 55 73 .17 1.1 .95 57 
2-1/2 n 56 81 .17 1.0 .85 51 
.3 1050-3.30 57 80 .04 1.0 .95 57 
3-1/2 3.30 ·57 81 .09 .9 .8 48 
4 II 56 82 .09 .8 .7 42 
4-1/2 n 56 81 .09 .7 .6 36 
5 II 55 81 .04 .? .65 39 
5-1/2 ti 54 82 .1.3 .8 .65 39 
6 n 52 77 .JO .8 .5 30 
6-1/2 n 52 75 1.0 1.5 .5 JO 
7 II 52 75 1.5 1.9 .4 24 
7-1/'l.. " 53 75 1.5 1.9 •':• 24 
8 n 54 75 1.5 1.9 ./4 24 

Total - 687 



Table 7 

Hwlid1ty• Water Loss b;y' 
Charging Iem;eera~ure ~las 2!£ cu.rt. EvaoorajJ:on 1s;rQJ;gao 

Tille Rate, Incoming Incoming Outgoing per per 

!l2urJ! Amperes ~ • Air Air Mr Cu.Ft. He}f-hour 

0 0-1300 59 86 
1/2 1.300 62 " -24 

l • 67 " 8.7 8.3 - .4 -24 
1-1/2 " 69 " " s.s - .2 -12 
2 " 71 " • s·.2 - .5 -30 
2-1/2 1050-800 73 " • 8.0 - .7 -42 
3 800-550 73 • ' 8.2 - .5 ·-30 
3-1/2 550-330 72 " II 8.3 - .4 -24 
4 330 71 " " 8.3 - .4 -24 
4-1/2 330-250 70 • " 8 • .3 - .4 -24 
5 250-190 69 • " 8.1 - .6 -.36 
5-1/2 190-165 68 • • 8.3 - .4 -24 
6 165 67 • " 7.7 -1.0 -60 
6-1/2 • 66 " " 7.6 -1.l -66 
7 • 64 • • 7~6 -1.1 -66 
7-1/2 • 64 II " 7.7 -1.0 -60 
8 • 64 • " 7.5 -1.2 -72 

Total - -618 

hble s 
Hullidlq, Water Loss b;y' 

Charging Tem~rnture grains l?!r cu.rt. ~aP;2[~tiog1izraiD!• 
Time Rate, Incoming Incoming outgoing per per 
Hour§ Amperes Cell Air feir Air Cu.Ft-L Htl~-bow 

0 0-1050 56 86 
1/2 1050 60 " 8.7 8.J - .4 -24 

l " 64 " II 8.2 - .5 -30 
1-1/2 " 65 " " 8.0 - .7 -42 
2 " 66 " " 8.1 - .6 -36 
2-1/2 II 68 " " 8.J - .4 -24 
3 1050-330 68 " II 8.1 - .6 -.36 
J-1/2 330 68 " " 8.1 - .6 -.36 
4 " 68 " " 8.1 - .6 -36 
4-1/2 " 68 " " 8.3 - .4 -24 
5 " 66 " " 8.3 - .4 -24 
5-1/2 " 68 " " 8-.,3 - .4 -24 
6 " 65 II " 8 • .3 - .4 -24 
6-l./2 " 64 " " 7.8 - .9 -54 
7 " 63 " " 7.7 -1.0 -60 
7-l./2 " 64 II • 7.4 -1.J -78 
8 • 65 " " 7.1 -1.6 -96 

Total - -648 



Te.ble 9 

P.umidity Water Loss by 
Charging Tem2erature grains £er cu.ft. EvaEorntion1 grnins. 

Time Rate, Incoming Incoming Outgoing per per 
Hours Amperes Cell Air Air Air Cu.Ft. Half-hour 

0 0-1300 86 90 2.8 
1/2 1300 88 " " 72 

l II 91 " " 4.0 1.2 72 
1-1/2 " 95 ti " 4.1 1.1 66 
2 " 96 " " 4.2 l.4 84 
2-1/2 1300-1050 96 " " 4.4 1.6 96 
3 . 800-550 94 n " 4.4 1.6 96 
3-1/2 550-330 92 " II 4.1 1.3 78 
4 330 91 " " 4.1 1.J 78 
4-1/2 250-190 88 II II 4.1 1 • .3 78 
5 190-165 89 II " 3.7 .9 54 
5-l/2 165 88 " 11 3,.8 1.0 60 
6 n 88 " n 3.7 .9 54 
6-1/2 " 88 " " 3.8 1.0 60 
7 " 89 n n 4.0 1.2 72 
7-1/2 II 93 " " 4.1 1.3 78 
8 II 93 n ti 4.0 1.2 72 

Totul - ll70 

Table 10 
Humidity Water Loss by 

Charging Tem:i;1eratu.re grains per cu.ft. Evaporation1 grnins. 
Time Rate, Incoming Incoming Outgoing per per 
Hours Amperes Cell Air Air Air Cu.Ft. Half-hour 

0 0-1050 88 90 2.8 
1/2 1050 II " " 60 

1 n " " " J.8 1.0 60 
1-1/2 " 90 II n J.8 1.0 60 
2 " 91 " " ti 1.0 60 
2-1/2 II 91 II II 3.2 0.4 24 
.3 11 90 II n 4.2 1.4 84 
3-1/2 1050-.330 90 II " 4.0 1.2 72 
4 .3:30 89 II II J.8 l.O 60 
4-1/2 n 85 ti II 3.6 .8 48 
5 II 85 ti II 3.4 .6 36 
5-1/2 II 86 II 11 3.4. .6 36 
6 II 89 II II 3.7 .9 54 
6-1/2 II 91 n II 3.8 1.0 60 
7 " 9.3 " " 4.1 1.3 78 
7-1/2 n 94 n " 4.1 l.J 78 
8 n 94 n II 3.9 1.1 66 

Total - 936 



Table 11 

Humidity, ITater Loss by 
Charging Teo:eerature &ro.ipb ~er cu.ft. EvaEor~tion1 grains. 

Time Ri:..te, Incoiaing Incoming Outgoing per per 
Hours Amperes Cell Air J.ir Air Cu.Ft . Half-hour 

0 0-1300 79 
1/2 1300 82 94 4.6 ll4 

1 " 101 95 II ll4 
1-1/2 " 100 n II 114 
2 " 99 " II 6.5 l.9 114 
2-1/2 1300-1050 99 " " n 1.9 ll4 
3 800 99 " II 6.4 1.8 108 
3-1/2 550 99 " " 6.4 1.8 108 
4 JJO 100 n n 6.2 1.6 96 
4-1/2 330-250 101 " n n 1.6 96 
5 250 101 " " 6.4 1.8 108 
5-1/2 n 102 n " " 1.8 108 
6 250-190 102 " n 6.55 1.9 ll4 
6-1/2 190 102 n " " l.9 114 
7 n 102 " " 6.4 1.8 108 
7-1/2 165 102 " " 6.4 l.8 108 
8 165 102 n " . II 1.8 108 

Tottil - 1746 

Table 12 

HUil.id.icy, Water Loss by 
Charging Temt!erature ,gi:ains per cu.ft. Eva~orution1 grains. 

Time Rate, +ncoming Incoming Outgoing per per 
Hours Ji..mperes Qill Air Air Air Cu.Ft. Half-hour 

0 0-1050 83 
1/2 1050 84-1/2 97 4.65 78 

l n 88 95 " 78 
1-1/2 n 88-1/2 n n 5.95 l.J 78 
2 " 92 II " " 1.3 78 
2-1/2 " 94 97 " 6.2 1.5 90 
3 " 96 95 " 6.25 1.6 96 
3-1/2 1050-.330 97 97 " " 1.6 96 
4 330 97 95 II 6.25 1.6 96 
4-1/2 n 96 " " 6.25 l.6 96 
5 " 96 " " " 1.6 96 
5-1/2 II 96 II " " 1.6 96 
6 II 97-1/2 " n 6.1 1.5 90 
6-1/2 " 98-1/2 " II 6.1 1.5 90 
7 " 99 n n 6.1 1.5 90 
7-1/2 " 99 n " n " 90 
8 n 101 " " n n 90 

Total - 1428 



Table 13 

Huoidity, WG.ter Loss by 
Charging Tec~rature rru.ns 2er cu.ft. ~vneoration1grains. 

Time Rate, Incoming ncoming outgoing per per 
Hours Amperes Cell Air Air Air Cu.Ft. Half-hour 

0 0-1300 77 95 6.0 
1/2 1300 82 n " 6.9 .9 54 

l It 85 n n 6.95 .95 57 
1-1/2 n 91 n n 7.15 1.15 69 
2 n 94 II " 7.25 1 • .25 75 
2-1/2 1050 96 II It 7.4 1.4 84 
3 800-550 97 II n 7.J l.J 78 
3-1/2 550-330 97 II ll 1.05 1.05 63 
4 330 97 " II 7.2 1.2 72 
4-1/2 J.30-250 97 II " 7.2 1.2 72 
5 250-190 97 II " 7.1 1.1 66 
5-1/2 190-165 97 II " 6.85 .85 51 
6 165 96 II " 6.85 .85 51 
6-1/2 n 96 II II 6.85 .85 51 
7 " 96 n n 6.85 .85 51 
7-1/2 n 96 II " 6.85 .85 51 
8 II 96 " n 6.85 .85 51 

Total - 996 

Table M 

Humidity, Wa te:::- Loss by 
Charging Temper;.ture grains ,2er cu.ft. Evaporntiolls,.___.[rnins. 

Tine Rate, Incoming Incoming Outgoing per per 
Hours Amperes ~ Air Air Air Cu.Ft!. Half-hour 

0 0-1050 77 95 6.o 
1/2 1050 79 " n 78 

1 II 81 " n 78 
1-1/2 " 88 II " 7.3 1.3 78 
2 " 91 n n " l.J 78 
2-112 II 95 II II n 1 • .3 78 1 

3 tt 97 II fl 7.4 1., .. 84 
J-1/2 330 98 n n 7-35 1.35 81 
4 II 97 n II 7.35 1.35 81 
4-1/2 " 96 n n II II 81 
5 " 96 " II 7.1 1.1 66 
5-1/2 " 95 " n 11 II 66 
6 n 96 II II 7.15 1.15 69 
6-1/2 II 97 II II II II 69 
7 n 98 II " II ,, 69 
7-1/2 II 99 II It If I! 69 
8 II 100 II IT r. IT 69 

Totul - 1194 



Table 15 

Hwnidity, '7& ter Loss by 
Charging TemEera.ture grains ei[ Cu.ft. Eva~QrRtion 1gra.ins. 

Time Rate, Incoming Incoming Outgoing per per 
Hours Ampei:es Cell Ai;: Air Air Cu.Ft. Half-hour 

0 0-1.300 78 95 7.25 
1/2 1.300 82 " 7. 45 7.6 .15 8 

1 " 85 " " 7.95 .5 JO 
1-1/2 n 91 " " · 8.0 .55 JJ 
2 " 94 " n 8.,4 .95 57 
2-1/2 1050 97 " " ' 8.5 1.05 6J 
J goo 98 n n 8.6 1.15 69 
3-1/2 550 99 " n 8.15 .7 42 
4 330 " " ti n " 42. 
4-1/2 330-250 " " " " " 42. 
5 250-190 98 " n 8·. 2 .75 45 
5-1/2 190 96 " n 8.0 .55 J.3 
6 190-165 95 " n " " JJ 
6-1/2 165 " " " 7.9 .45 27 
7 " " tr " 7.95 .5 JO 
7-1/2 n n " " 7.7 .25 15 
8 " " " " 7.85 .4 24 

Total 59.3 

Table 16 

Humidity, Water Loss by 
Charging Tem12era ture s;r,ains P8l" cu.rt, Evaooretiog1 grais~ 1 

TimG Rate, Incoming Incoming Outgoing per per 
H9ul:§. Am_p_eres Cell Air Air Air Cu.Ft. Half-hour 

0 0-1050 84 
1/2 1050 86 95 8.4 8.95 • 55 .33 

1 " 90 " 7.45 s.4 .95 57 
1-1/2 " '' " " a.a, , .,l: • 2 fl 9' " " 8V6 1.1, 69 
2-1/2 " 97 " n " " 69 
3 " 98 fl " " " 69 
3-1/2 330 1t n " n " 69 
4 " n n n s.35 .9 54 
4-1/2 " 97 97 7.3 " 1.05 6.3 
5 n n 95 7.45 n .9 54 
5-1/2 n " " n 8.15 .7 42 
6 " 98 n 7.7 8.6 .9 54 
6-1/2 n " n 1.1.,5 s.35 " 54 
7 ff 99 n 7.8 8.9 1.1 66 
7-1/2 " " 97 7.45 8.65 1.2 72 
8 " n 95 7.1 s.45 1.3 78 

Total 957 



Table 17 

Humidity, Water Loss by 
Charging Temnera ture grains 2er cu. ft. EvaEora tion, grains_._ 

Time Rate, Inco:::dng Incoming Outgoing per per 
Hours Al:lperes .Qill Jir_ Air Air Cu.Ft. Half-hour 

0 0-1300 77 
1/2 1300 80 93 8.15 8.3 .15 9 

1 " 85 95 9.15 9.25 .1 6 
1-1/2 n 91 II " 9.65 .5 30 
2 II 95 II ff ff " JO 
2-1/2 1300-1050 98 n 9.0 9-7 .7 42 
3 800- 550 II II 9.15 9.s .65 39 
3-1/2 550 97 ff II II II 39 
4 330 97 II 9.6 9.95 .35 21 
4-1/2 330-250 96 " 9.15 9.7 .55 33 
5 250-190 If " 9.6 9.95 .35 21 
5-1/2 190 95 II 9.15 9.35 . 2 12 
6 190-165 95 II " 9.2 .05 3 
6-1/2 165 94 II I! 9.35 .2 12 
7 " I! " II II ti 12 
7-1/2 " n " 8.75 9.15 .4 24 
8 " 93 n 9.15 " 0 0 

Total 333 

Table 18 

Hurnidity, Water Loss by 

Charging T~m2ernture grains per cu.ft. Evaporation,grains. 
Time Rate, Incoming Incoming Outgoing per per 
Hours Amperes Cell Air_ Air Air Cu.Ft. Half-hOJ.U:. 

0 0-1050 80 95 
1-2 1050 83 " 9.85 9.25 -.6 -36 

1 " 86 II 9.95 9.6 - •. 35 -21 
1-1/2 " 90 It 9.45 9.6 .15 9 
2 It 93 It 9.15 " . 45 27 
2-1/2 II 96 II 9.35 9.7 .35 21 

3 " 98 It 9.15 9.85 .7 42-
3-1/2 330 98 " " 9.s .65 39 
4 fl n II 11 9.45 .3 18 
4-1/2 It " " 11 II fl 18 
5 n It II " 9.7 .55 33 
5-1/2 " II II 9.0 9.6 .6 36 
6 II ,r II 9.15 II .45 27 
6-1/2 fl " " 8.8 9-3 .5 30 
7 n II II 9.15 9.55 .4 24 
7-1/2 fl 99 " " 9.5 .35 21 
8 II 11 " II " " 21 

Total 309 

■ 



Table 19 

Charging 
Humidity, Vra ter .Loss by 

Tem12erature grains Eer cu.rt. E!;aporation1 &rains 
Time Rate, Incoming Incoming Outgoing per per 
Hours Amperes Cell Air Air Air Cu.Ft. Half- hour 

0 0 - 1300 73 
1/2 1300 79 91 11.45 10.5 - .05 -3 

1 n 83 95 10.9 10.5 - .4 -24 
1-112 II 88 " 11.25 11 •. 35 .l 6 

~ 

2 II 92 II 10.9 11.45 .55 33 
2-1/2 1050 95 " II 11.3 .4 24 
3 800-550 98 II " 11.65 .65 39 
3-1/2 550 n n n 11.0 .1 6 
4 330 n II II 10.9 0 0 
4- 1/2 330-250 77 n n 11.0 .l 6 
5 250 96 II " n " 6 
5-1/2 190 " n ff 10.8 -.l - 6 
6 190-165 ·,, " " 10.9 0 0 
6-1/2 165 97 " n 11.0 .1 6 
7 n " n n 10.9 0 0 
7-1/2 11 n " n 10.9 0 0 
8 " n n n 10.8 -.1 -6 

Total 81 

Table 20 

Humidity, riater Loss by 

Charging Temperat11:~ grains~£ cu.ft: EvaEoration1gtains 
Time Rate, Incoming Incoming Outgoing per per 
Hour§ Ampere_§ Cell Air Air Air Cu.Ft. Half-Hour 

0 0 - 1050 72 
l/2 1050 75 97 ll.S 10.9 - .9 - 54 

l " 79 95 11.3 11.0 - .3 - 27 
1-1/2 II 84 n 11.25 11.45 .2 18 
2 II 89 n 10.9 11.0 .l 6 
2-1/2 " 92 II 10.65 10.6 - .05 - 3 
3 1050-330 94 n 10.9 10.85 - .05 - 3 
3-1/2 330 n II n 11.15 .25 15 
4 " II II n 11.1 .2 12 
4-1/2 II 93 II 10.8 10.85 .05 3 

5 II II " 11.55 11.25 - .J -18 
5-1/2 ff II II 10.9 10.9 0 0 
6 " n " " ll.O .1 6 
6-1/2 II 92 II n 10.9 o· 0 
7 II II II II 10.6 - .3 -18 
7-1/2 " II ff II 10.15 - .75 -45 
8 II II " II n n -45 

Total -153 



·I Tnble 21 

' I 
Humidity, Nater Loss by 

Charging Tem2erature gains per cu.f~. Evaporation.grains 
Time Rate, Incoming Incoming Outgoing per per 
Hours Amperes Cell Air Air Air Cu.Ft, HaJ.f-Hqu; 

0 0-1300 76 
1/2 1300 81 95 

1 " 86 ff 11.S 11 •. 4, - .4 -24 
1-1/2 II 91 " 14.1 13.5 - .6 -36 
2 " 95 " 13.2 12.9 .J -18 
2-1/2 1300-1050 98 ff 12.8 12.5 - .3 -18 
3 800- 550 99 " II n n -18 
3-1/2 550-330 98 n n 12.4 - .4 -24 

q 4 330 96 II n 11.9 .9 -54 
4-1/2 330-250 95 " " 12.0 - .8 -48 
5 250-190 96 n n 12.3 - .5 -30 
5-1/2 190 97 " " 12.4 - .4 -24 
6 190-165 100 " " 12.J - .5 -30 
6-1/2 165 103 " II 12.6 - .2 -12 
7 tt 104 tt " 12.s 0 0 
7-1/2 n n fl 13.4 1.3.0 - .4 -24 
8 n n " 12.8 12.a 0 0 

Total - 360 

Iable 22 

Humidity, Via ter Loss by 

~I---- Charging Iem2e.:at!Y:e grains per cu.rt. Eyaporation,grains 
Time Rate, Incoming Incomng Outgoing per per 

I - Hours Amperes Cell Air Air Afr Cu.ft. Half-Hoqr 

I 0 O - 1050 81 
1/2 1050 84 93 ll.15 9.8 - .35 -21 

1 " 87 95 13.l. 10.7 - .4 -24 
1-1/2 " 89 " 12.J u.55 - .75 -45 
2 n 90 n 12.8 11.4 -1.4 -84 
2-1/2 n 91 n 12.9 11.3 -1.6 -96 
3 n 92 n 13.0 12 • .25 - -75 -45 
3-1/2 330 93 " 12.J 11.85 - .45 -27 
4 ff' 92 n 12.55 11.s - .75 -45 
4-1/2. " 91 " 12.8 12.2 - .6 -36 
5 " 90 t_1 13.0 12.3 - .7 -42 
5-1/2 " 91 " 1.2.8 12.45 - .35 -21 
6 " 92 a " 12.2 - .6 -36 
6-1/2 " 94 " 12.55 11.7 - .85 -51 
7 II 96 11 12.8 12.05 - .75 -45 
7-1/2 " 97 " " 12.3 - .5 -30 
8 " 98 It 13.0 11.8 -1.2 -72 

Total -7.20 



r -

Time 
Hours 

0 
1/2 

1 
1-1/2 
2 
2-1/2 
3 
3-1/2 
4 
4-1/2 
5 
5-1/2 
6 
7-1/2 
8 
8-1/2 
9 

-
-■ 

Time 
Hours 

0 
1/2 

1 
1-1/2 
2 
2-1/~ 
3 
J-1/2 
4 
4-1/2 
5 
5-1/.2 
6 
6-1/2 
7 
7-1/2 
8 

Charging 
Rate, 

Amperes 

O - 1300 
1300 

It 

It 

1300-1050 
1050 

800-550 
550 
.3.30 

.330-250 
250 
190 

tt 

n 

165 
II 

n 

Charging 
Rate, 

Amp_er~.L 

0-1050 
1050 
" n 

n 

" 
" 

330 
n 
II 

" 
" 
" 
ff 

n 

" 
II 

Table 2,l 

Temperature 
Incor.iing 

Cell Air 

102 
104 
106 
109 
109 
107 
105 
102 
100 

99 
97 
95 
92 
90 
89 
89 
88 

" 
95 

II 

" n 
II 

11 

n 
II 

II 

n 
n 

" 
II 

II 

Humidity, Water Loss by 
grains per cu.ft. Evapoi:a;"ion,grains 

Incoming Outgoing per per 
Air Air Cu.Ft. Half-Hour 

16.5 
14.6 
14.9 
15 • .3 
14.9 
14.6 · 
14.9 

II 

14.9 
14.9 
14.9 

n 
II 

11 

" 
It 

16.0 
15.1 
15.0 
15.6 
14.8 
14.6 
14.2 
14.3 
14 • .3 
14.1 
14.2 
14.1 
1.3.7 
13.7 

n 

13.6 

- .5 
.5 
.1 
.3 
.1 
0 

- -- .7 
- .6 
- .6 
- .8 
- .7 
- .8 
-1.2 
-1.2 

n 

-1.3 

Total 

-30 
30 
6 

18 
-6 

0 
-42 
-36 
-36 
-48 
-42 
-48 
-72 
-72 
-72 
-78 

__ -528 

Table ?4 

Temperature 
Incoming 

Cell .Air 

98 
95 
97 
99 

101 
n 
II 

99 
97 
96 
94 
93 
91 
91 
" 
ff 

II 

95 
If 

II 

II 

II 

n 
II 

II 

II 

n 

" n 
II 

n 
n 
II 

Humidity, 
grains per cu.ft. 

Incoming Outgoing 
Air Air 

n 

n 
n 
II 

n 

" 
II 

'! 
n 
n 

" 

15.7 
14.9 
14.9 
14.L; 
" 
II 

lJ.9 
14 • .3 
13.8 
13.2 
1.3.9 
13.7 

n 

Water Loss by 
Evaporation.grains 
per per 

Cu.Ft. Hal.f-Hour 

.1 
-.2 

0 
- ♦ 5 
- -5 
--7 
- .7 

-1.0 
-.6 

-1.l 
-1.7 
-1.0 
-1.2 

n 

' 6 
6 

-12 
0 

-30 
-30 
-42 
-42 
-60 
-36 
-66 

-102 
--60 

:...72 
-72 

Total -6o6 



Table 25 

P.umidi ty, Water Loss by 
Charging Temperature grains per cu.ft. Evaporntion,groins 

Time Rate, Incocing Incoming Outgoing per per 
,Hours Amperes Cell Air Air Air_ Cu.Ft. Half-Hour 

0 0 - 1300 71 
1/2 l.300 77 -108 

l " 81 95 -108 
1-1/2 " 84 " 16.8 15.0 -1.8 -108 
2 " 86 n 17.4 15.6 -1.8 -108 
2-1/2 1050-800 88 n 17.l 15.1 -2.0 -120 
.3 800-550 90 " n 15.5 -1.6 -96 
3-1/2 550 92 n " 15.8 -1.3 -78 
4 330 93 " " 15.9 -1.2 -72 
4-1/2 330-250 93 II II 16.7 -./4 -24 
5 250-190 ft " 18.0 II -1.3 -78 
5-1/2 190-165 " n 17.1 15.8 -1.3 -78 
6 165 n " fl 15.8 -1.3 -78 
6-1/2 " tt " n 16.0 -1.1 -66 
7 II 92 n II 15.6 -1.5 -90 
7-1/2 n n " II II " -90 
8 " II " n 15 • .4_ -1.7 -102 

Total -1404 

Table 26 

Humidity, Water Loss by 
Charging Tem£era.ture grains per cu.ft-. Eva:poration,grains 

Time Rate, Incoming Incoming Outgoing per per 
Hours AJ;meres Cell Air Air Air Cu.Ft. Half-,Hour 

0 0 - 1050 75 
1/2 1050 79 95 16.05 14.75 -1.3 -78 

l II 84 n 17.1 16.1 -1.0 -60 
1-1/2 II 89 " " 16.l -1.0 -60 
2 " 93 " ti 15.8 -1.J -78 
2-1/2 " 95 " II 16.4 -.7 -42 
3 " 97 " II 16.L. -.7 -42 
3-1/2 330 98 II 16.7 15.9 -.8 -48 
4 n 98 II 17.l 16.1 -1.0 -60 
4-1/2 II 97 " " 15.e -1..3 -78 
5 " n " n " n -78 
5-1/2 " " n II " II -78 
6 II " n n 16.0 -1.1 -66 
6-1/2 n 98 II n 15 • .3 -1.e -108 
7 " 99 II "' 16.4 -.7 -42 
7-1/2 II 100 97 18.0 II -1.6 -96 
8 " 101 II II II " -96 

• Total -1110 

-
• 



Table 27 

Humidity, Water Loss by 
Charging Tem2erature grains per cu.ft. Evaporation.grains 

Time Rate, Incoming Incoming Outgoing per per 
Hours .Amperes Cell .Air Air Air ,Pu.Ft. Half-Hour 

0 0 - 1300 75 
1/2 1300 80 102 19.45 16.l -3.35 -201 

1-1/2 n 87 104 22.15 20.1 -2.05 -123 
2 II 92 n 22.1 20.3 -l.8 -108 
2-1/2 n 99 n II 20.5 -1.6 -96 
3 1050 103 n " 20.1 -2.0 -120 
3-1/2 800-550 105 n II 20.5 -1.6 -96 
4 550 n II 21.85 19.75 -2.1 -126 
4-1/2 330 104 n 21.8 19.95 -1.8 -108 
5 330-250 103 n 22.15 20.l -2.0 -120 
5-1/2 250 102 It " 19.15 -3.0 -180 
6 190 " n n 19.3 -2.8 -168 
6-1/2 n 103 " n 19.8 -2.J -138 
7 190-165 104 II II 20.1 -2.0 -120 
7-1/2 165 n n n 20.24 -1.9 -114 
8 " 105 II II 19.5 -2.6 -156 
8-1/2 n II It n 19.5 -2.6 -156 

Total -21.30 

Table 28 

Humidity, Viater Loss by 
Charging T§!mQeru tm:e grains eer cu.ft. EvaEoration 2 g.:ains 

Time Rate, 'Incoming Incoming Outgoing per per 
Hours Amperes_ Cell Air Air Air C_y.Ft.:.. ijalf-Hour 

0 0 - 1050 75 
1/2 1050 80 -168 

l n 88 106 2L.l. 18.6 -2.8 -168 
1-1/2 II 91 104 21.7 19.5 -2.2 -132 
2 It 98 II 22.1 19.9 -2.2 -132 
2-1/2 II 99 n 22.7 21 • .l. -1.3 -78 
3 II 103 n 22.7 21.8 - .9 -54 
3-1/2 330 104 II n 21.l - .6 -36 
4 " 103 n II 21.e - .9 -54 
4-1/2 II n II 22.2 21.4 - .8 -48 
5 n n ,, ti 21.3 - .9 -54 
5-1/2 " " " " 20.4 -1.8 -108 
6 n ti II " 20.2 -2.0 -120 
6-1/2 " ti " n 19.9 -2.3 -138 
7 ti 104 n n 20.0 -2.2 -132 
7-1/2 11 105 n 11 20.0 -2.2 -132 
8 n n " n 20.0 -2.2 -132 

Total -1686 

·, 



- Table 29 

Humidity, Water Loss by 
Cberging TemEeratm-e grains per cu. ft . Evaporution.grains 

Time Rate, Incoming Incoming Outgoing per per 
Hours Amperes Cell Air Air Air Cu.Ft. Half-Hour 

0 1300 107 122 
l/2 II 103 II .2 3.7 3. 5 210 

1-1/2 II 102 fl II 4.0 3.8 228 
2 II 110 II II 3.7 3. 5 210 
2-1/2 1300-1050 116 II 0 3.1., 3.4 204 
3 1050-800 119 II .15 3.8 3.6 216 
3-1/2 800-550 121 II .2 4.7 4.5 270 
4 550 123 II .4 5.3 4.9 294 
4-1/2 330 123 " .4 5.3 4.9 294 
5 II n It .6 . 5.1 4.5 270 
5-1/2 330-250 II n .8 5.3 4.5 270 
6 250-195 ti n .7 5.1 4.4 264 
6-1/2 195-165 II II • 9 5.3 4./4 . 264 
7 165 122 II 0 4.4 4.4 264 
7-1/2 II 122 " 0 4.1 4.1 246 
8 II " II .8 4.1 3.3 198 
8- 1/2 II II II .04 4.1 4.0 240 

Total 3942 

Table 30 

Humidity, Water Loss by 
Charging Temperature grains per cu.ft Evaporation,grains 

Time Rate, Incoming Incoming Outgoing per per 
Hours Amperes Cell Air Air Air Cu.Ft. Half-Hour 

0 0 - 1050 104 122 
1/2 1050 105 II 0 . 2.2 2.2 132 

1 II 109 II .09 2.0 1.9 174 
1-1/2 II 112 II .09 2.7 2.6 156 
2 II 117 " .04 3.2 3.2 192 
2-1/2 II 119 ti II 3.9 3. 9 234 
3 330 120 II II 4.2 4. 2 252 
3-1/2 II 121 II • 4.2 4. 2 252 
4 II 122 II ff . 4.1 4.1 246 
4-1/2 II 122 II II 4.0 4.0 240 
5 II 121 II II 4.0 4.0 240 
5-1/2 II l~O II 11 3.9 3. 9 234 
6 II ll9 II II II II 234 
6-1/2 II II " " 3.8 3.8 228 
7 II 120 II n II It 228 
7-1/2 ti II II II II II 228 
8 II II " " " II 228 

'--- • 'l'otal 3498 



■ 

.. 
Time 
Hours 

0 
1/2 

l 
1-1/2 
2 
2-1/2 
J 
J-1/2 
4 
4-1/2 
5 
5-1/2 
6 
6-1/2 
7 
7-1/2 
8 

Time 
Hours 

0 
1./2 

l 
1-1/2 
2 
2-1/2 
J 
J-1/2 
4 
4-1/2 
5 
5-1/2 
6 
6-1/2 
7 
7-1/2 
8 

Table 31 

Charging 
Rate, 

Amperes 

Temperat~ 
Incow.ng 

Cell Air 

0 - 1300 122 
1300 125 

" 127 
1300-1050 129 
1050-800 " 

800 128 
800-550 127 
550-330 125 
JJO 121 

" 120 
330-250 118 
250 114 

" lll 
250-190 107 
190 104 

190-165 103 
165 lOJ 

129 
122 
122 

n 

124 
122 
120 

II 

" 
" 

122 
" 
" 
II 

" 
" 

Humidi t,y, VJa ter Loss by 
grains P££. cu.f1.,_ Evaporution.grains 

Incoming Outgoing per per 
Air Air Cu.Ft. Half-Hour 

34 
32.1 
" 
n 

J2.8 
J.2.l 
30.9 

II 

" 
32.8 
32.1 

" 
n 
II 

" 
" 

32.9 
32.J 
32.8 
32.7 
31.8 
31.5 
31.2 

" 
28.6 
30.0 
28.9 
28.6 
29.4 
28.9 
30.0 

" 

-1.l 
.2 
.1 
.6 

-l.O 
-.6 
.J 
" 

-l.3 
-2.8 
-3.2 
-3-5 
-2.7 
-J.2 
-2.1 

• 

-66 
12 
42, 
36 

-60 
-36 
18 
n 

-78 
-168 
-192 
~210 
-162 
-192 
-126 
-126 

Total -1308 

Table 32 
ii 

Charging 
Rate, 

Am:eeres 

O - 1050 
1050 

" 
" 
" 

1050-330 
JJO 
" 
" 
" 
" 
" n 
n 

" 
" 
II 

Temperature 
Incoming 

Cell Air 

113 
115 
121 
123 
123 

If 

119 
118 
" 

119 
120 
" 

121 
12.l 
122 

II 

123 

132 
120 
122 

If 

II 

n 

" 
" 
n 

123 
124 
l.22 
123 
122 
120 
ll9 

H\lllidity, 
grains per cu.ft. 

Incoming Outgoing 
Air Air 

30.9 
.30.9 
J2.l 
31.l 
32.1 
32.1 

n 

" 
" 

34.7 
.32.0 
.32.1 
J2.l 
32.1 
30.9 
.30.2 

29.9 
30.9 
31.5 
31.2 
31.4 
31.~, 
JO.? 

II 

31.0 
33.0 
31.0 
31.0 
31.5 
31.4 
29.e 
29.1 

Water Loss by 
Evaporation.grains 

per per 
cu.Ft, Hc.lf-Hour 

-1.0 
0 

-.6 
.1 

-.7 
-.7 

-1.4 
...:1 • .4 
-1.1 
-1.7 
-1.0 
-1.l 
-.6 
-.7 

-1.i 
-1.1 

_(:Jj 

0 
-36 

6 
42, 
42-

-84 
-84 
-66 

-102 
-60 
_ti) 

-36 
-42, 
-66 
-66 

Totel -678 
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