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THE !IECHANICS OF GAS TRANSFER 
IN OXThATION LAGOONS 

INTRODUCTION 

Increasing population and industrialization in recent 

years have placed additIonal emphasis on the need for 

protection of our water resources. In order to conservo 

those water resources for the naxtmuni benefit of all the 

people, new methods of waste treatment have to be developed 

and applied at a reasonable cost. Furthermore, ways of 

improving existing znothods must be found. In the face of 

rising costs, manj small communities and industries with 

limited financial capacity, find it most difficult to 

finance waste treatment facilities. 

Waste water oxidation lagoons are an economical moth- 

od of treatment applicable to small communities and indus- 

tries where both the capital inveatnt and operating costs 

are controlling factors. Numerous investIgations of lag-s 

cons have been made ini arid regions, however, until recent- 

ly, lIttle work has been dono in marine climates on deter- 

mthation of the parameters whIch control oxidation lagoon 

processes. 

The study undertaken at Oregon State College in 1958 

b7 G. A. Whitney and F, J. Burgess is the first investi-s 

gatton on a controlled basis dono in the maritime regions 

of the Pacific Northwest. 



Ob41oot of this Thesis 

The treatment capacity of oxidation lagoons is due to 

bacterial decompositIon wherein the bacteria are supplied 

oxygen by photosynthetic productIon of oxygen by algae and 

by reaez'atïon f ro the surface source. The object of this 

thesis is to evaluate the lindts of oxygen transfer to the 

lagoon by surface roacration. 

Studios baye boon made on roaeration of streams by 

E. B. Phelps (9i P. 6e..86) arid the Robert Taft Engineering 

Conter, (, p. 963, 6, p. 102) however, the mechanics of 

reacration of lagoons have orly limited published research 

fthdings by E, R. Hermann, E. F. Gloyna and H. T. Odurn, 

HIstory of the OxìdatIn Lagoons 

Lagoons to treat sewage were first used in China, 

over 200 years ago, but there was no actual recorded dato 

(It, p. 1213.-1235). In the United States, the first lag. 

con was put into operation in 1901 In San Antonio, Texas 

(11, p. 12), However, It was not until 1927 that the 

principle of lagoons actually began to gain acceptance. 

In fact, the first lagoons wore operated solely for the 

purpose of raisIng fish (2, p. !37). 

Many cities in the arid regions of the Midwest and 

'iost Coast Started using lagoons for the treatment of sewago 

in 1927. Cities In Texas and South Dakota were among the 

early leaders in the field of lagooning sewage (11, p.l-). 

In 1927, the cities of Santa Rosa and Sononia, California 



iero t1io first to uso 1agooie for waste isposa1 on the 

!est Cot (2, p. Lj36), In 1938, Texas A & Coi1ee 

constructed its own 1aon for the purpose of studying the 

tr,echanios of the a1a1respir*tion proo'ss, 

Until 19L9, sewa-;o lagoons were deei,ned by using a 

fixed loading criteria and only recently, have detailed 

investigations been made relating lagoon operation and 

efficiency to location and cliiate and waste water chara. 

acteristios, Cii, p. 13). The most recent arid ixçortant 

contrIbutions have been made tri Texas by !orrnann arid 

Gloyna; in the Dakotas by their respective ¡ublic lloaith 

Departments, and in Austraiia by Parker, Jones and Greene, 

(8, p. 133-139). 

In summax'ftin hi*ttøa1 and present data, it can b. 

aeon that most of the researchers agree ori the physical 

features of the 1apoon and on photosynthetic production of 

oxygen. However, only limited information is available on 

oxygen uptake in the oxidation lagoons, from the surface 

boundary. rost design parameters wore based on a fixed 

loadinp, rate of a given population equivalent per' acre, 

based on prevtous experience, without regard to climate 

(13, p. 1390). Recently reported values are found tri 

Sewage Works Journals tri the Oreori State Sanitary Cedes, 

(7, p. 6926;7), 



4 
Discuss on of Problem 

iurfaoe aeration appears to be of minor consequence 

in most regions of high solar ener whore oxygen produced 

by photosynthesis is high, but in the climate of western 

Or.gon, it is of major importance situe, dtu'tng the rairi.. 

ing season in maritIme regione, 'heavy aloud oover and low 

temperatures limit the algal production of oxygen end 

place additional ephauis on oxygen transt'er by surface 

aeration. 

Because of the troat complexity of controlling factors 

it is unlikely that a single overall formulation of lagoon 

operation can be satisfactorily devolopod. Sorno of the 

controlling factors that must be included in such an over- 

all formulation aro, temperature, climate, cloud oovox, 

surface area, depth and detention period. Oxygen trans 

Vor from surface sources Is effected by fewer variables 

and Is therefore more amenable to formulation. 

The f ozmulation that is most useful to describe reaor- 

atlon Is (seo equation 1, p, U) (9, p. 166). A 

value of k2 for quiescent streams has been reported as 

k2 0.25* by Phelps (9, p479), However, quiescent 

streams and lagoons present a different problem of lateral 

and vertical mixing, therefore iagoett k2 values estimated 

from known stream values, aro of doubtful reliability. 

DiffusIon promoted by wind, temperature and density 

currents, resulting tri lateral and vertical mixing, 

*(reported values are to logarithm to base lO of k2) 



s 
thfiuences the interface botieen water and the atmosphere 

and hence the oxygen transfer rate. asod on the method 

of analysis used In this study, the reported values of 

k2 Included the effect of ail of the factors effecting 

mixing. Therefore, the roacratlori constant Is not a 

sinlo..meariing value, but encompasses the effect of all 

variables influencing oxygen transfer. 

Method of Stu 

In order to evaluate the constant of reaeratlon, 

variation of the standard light and dark bottle test was 

used. T0 simulate actual conditions, tanks were used as 

the containers and were placed In the lagoon. These 

tanks were three feet on each side and extended to the bot 

toni of the lagoon so that there would be no chango in the 

tank content during the test, There were threo to five 

Inches of free-board on each contaIner in order to allow 

for any wave action, Observations indicated that this 

free-board did not Interfere with the algal cycle arid 

biological action by shadIri sunlight from the container. 

For the test, values were deter1ned from the three tanks 

arid the lagoon Itself. A detailed description of the 

tanks is as f ollows.. 

The first tank had a clear plastic top, so as to 

eliminate surface reaeratiorz, but to admit sunlight. The 

lid was floated on the top of the tank and mineral oli was 

placed over the exposed water surface to complete the air 



tight aoal. 

The second tank similar to the f1zat exopt that 

it had a fIoatiri, black polyethylene arid plywood top lid 

to exclude 1ipht. A riasonite cover was pisced over the 

top of the eritiio tank to eliminate anr anc»i oz r*in troni 

entering the water surface. The bottom was left unøov 

ared to obtain the borithal effect on oxygen deznftd 

The third tank was the same as the seøond tank except 

that a masonite cover was placed over the bottom to exclude 

the berithal effect. 

The controlling factors considered In this test were 

the location of tanks, temperature, weathers and lagoon 

loading. The tanis were located in the four quadrants of 

the laPOOn to achieve what was felt to ho a unitoz'm dis 

tributiori, It was found that results did not vary ap' 

preciably with tank location. However, it should be noted 

that when the tanks were near the inlet, there was a higher 

concentration at suspended organic material present, 

The weather at the time of ssmpllng was overcast and 

cold, During tests two and three, loe and snow were on 

the ground, 

The reason for selecting the winter season for the 

test, aa that the oxygen production by photosynthesis was 

at a minimum allowing the surface r'eaeration to be studied. 



Figure 1. Snow Conditions

Figure 2. Clear Conditions



The wthd, durth the teit period, nvereed five miles por 

hour or loss, and the atz' temperature varied over a range 

of 21F. wtti a maximum of 2°F. and a xnin.trnum of 2l°F.- 

To oorttz'ol distribution of oranio matter, there was 

no loading of the lagoon during the pertod oÍ testing, 

however, the lagoon was loaded betiffien the tests to maIn- 

tain biologloal aettvit)!. 3a55d On proliminary survey, 

It was found that the circulation in the lagoon could be 

assumad to be both horizontal and vertloal arid the dia- 

solved ogen to be uniformly distributed vertically. 

The gz'eatest difference between the surface and the bottom 

was found to be three parta por million. 

Tests to deter1ne the upper and lower values of k2 

using a singlo tank and recirculating the water In the tank 

rapidly wro made (eco figures 3 and !). The results of 

these testa were not as uaoossful as anticIpated. Only 

limited results could be obtainød and many possible sources 

of error existed since it v*p difficult to control tempera- 

turo and surface continuity. 

It mit he rioted, as a, aide result, that when reoir. 

ctzluted at a very high rate, the sewage in the tan: would 

foam due to detorenta (seo figure !). When this foaming 

occurred, the oxygen uptake was extzømely fast, because of 

the largo surface area, and the dissolved ozgøi oontont 

rapidly wont to saturation. 

*frorn Corvallis, Oregon, Newspaper, "Gazette Times'1 
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Tho Wiflk1ex othod dth the odiw azido oditiøatton 

Was used to ciotozntho tho oxen contczt ,f the iaoot 

of t1 taike du1'tn the teß t (1, p 26). Sa10 

tikr at a aopth of one foot in th tr at aigt 

hou 2.ntova1s o' 1s during tct run AU aarnp1ng 

Wa$ dono 'rm a boats 

Caxofully oleaxicd bottles were fiUod with a îolux 

r3tXljO pump wkiioh was cOnnected to a plastic tube that 

extended one toct below the water surface, The temper' 

aturo was taken in the vicit'1ty f the tan. and the 

lagoon trae saxled in th. a*a axoa, xnplea wore 1rnm 

ediately arialrzcd and z1I data recorded. The enoral 

weather conditions wore noted at the tirio of each earnp 

lthg, (see tables I thrh 1). 
Tanks were rtovod from one location to another by ana 

of a specially constructed platform tied between two boats. 

Zpecial care had to be given to the placement ci' the tanks 

since the depth of the i*oon varied slightly and it :as 

desired not to stir th botton of the lagoon when pIaoin 

the tanks. 

The length of eaoh individual test usually averaged 

fifty hours, since it was desired to obtain a significant 

ohange in dissoiv.d oxygen, tri th.e tank. 

The approach used to detezine t rea.ration coDatant 

is based upon the following foriuIation, rirat proposed by 



i!! 

E. B. Phlp8 (9, p. 6719) 

: k2D* (3, p, 8L6) (1) 

Uatig øubscript "O" for conditions at time t, and 

for conditions at t+dt, values can be defined as fol1owa: 

C0 Concentration of ox'gert at staz't of 
period (ppm) 

C1 Çonoentrat: 
of period 

Saturation 
of period 

Satuzat ion 
Or period 

Ion of oxygen at the end 
(ppm) 

of oxygen at the start 
(ppm) 

of oxygen at the end 
(ppm) 

DeC31 C1 
and 

(c . C0) (Coi C1) 

dt Change tri time, hours 

k2 Reaeration reaction velocIty constant 

D Average deficit (ppm) 
aleo 

D (c C) (C5 C1) Average deficit 

2 
therefore 

(1) 

Case It 
- 

No photosynthetic production of oxygen and the 

temperature constant, 

dt dD* (see figu'e S.) (2) 

Parametera of depth and area are taken as constants for 
a 3 feet lagoon depth arid a one acre area 
Good only zhen C5 is constant 



dW .k2V 
L 

- (;: sD31) (sec figure ) (3) 

- 

No photosynthetic production of oxygen and 

the tonerature varying. 

o 

û 
w 

J 
o 
(I) 

V) 

o 

L) 

(0) TME w 

?i,ure . 

aw dC kT (!) 

dW (C50 C0) 
ei 

(C30 C81) (c CG) (6) 

dW (C1 Ce,) (7) 

ddWdC8 (8) 

dC0 (C30 -C) (9) 

or dw dD dC5 (10) 

12 

- 
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Aasuming constant taznper*ture, and a lagoon depth of 

three feet, the final resx1ting equation for pounds of 

oxygen transferred through one surface acre, is:- 

1 Zdw 

I 196 k) (11) 

W pounds of oxygen per day 

k2 (days)1 

D deficit in parts per million (rn/l) 

quat1on is the basis of.figure 5. 

For a condition where photosynthetic production of 

oxygen by algae is above the requirement far biological 

oxygen demand satisfaction, the lagoon dissolved oxygen 

will be below saturation, and the constant k2 11 a 

negative value. In other words, oxygen would be given off 

at the surface Instead of bc Ing absorbed. 

It will be seen from the above equations that the 

values of k can be determinad by using the relationship 

of change in oxyçen content dW as a function of tizr dt. 

Test data is presented in tables in the Appendix 

(seo tables one through four), and are summarized graph- 

ically In the curves that follow. 

T1ato 5; relates oxygen saturation with temperature 

for the winter range of lake temperatures In the region 

under study. It should be noted that this curve was 

plotted for temperatures encountered in the month of Jan- 

uary, which was the coldest reported month of the year, 



m x o c JO C
O

W

D
IS

S
O

L
V

E
D

O
X

Y
G

E
N

M
6

/L

0
1

0
1

5
2

0
2

5

r
o

0
0

->
1

r
o

to C
D

•
1

1
,»

r
r

1

/
/

/
1

P
<

f
i i i i

M
i i

\
\

P
J>

^
i

/
\
*

^

t
f

>
1 /
1

\
/

I i
/

I/
/ /

/ f
J

1 /
/

/ / /
1

/

9 /C
D

/
<{

£
« /

%
1

*
•C

D

'o

\
-i

te \\
/"

D

l-
i

i°
I
X

h

/ ;
/

/
/

\
\

\

r 1 1

o
<{>

5
JO

'
c

/
/

1

/
/

1
•

_

/
/

1
/

/
I

I
6

6

r H m



0)*.

co- TEST RUN NO. 2

JAN. 11-13, I960
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TEST RUN NO. 3

JAN 17-19, I960

PLATE NO. 3
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PLATE NO. 4

TEST RUN NO. 4

JAN. 22-24 I960
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h
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nfl two at the test runs, the produetXon f oxygo by 

sigte wa So great that oxygen wa8 being iver off, instead 

of' being absorbod at the surfaoe, For this period, the 

values k2 were negative and of no use in this study. 

Two of the test runs gave satisfactory results for the 

period of sampling, 

Experimental recuits CUd riot juStify a x*fthsd math. 

ernatical thod of ow've fitting, Resulte rs analyzed 

graphically arid determinations wore made by a linie of the 

beat fit. The values of the constant k2 were computed 

for each time interval. Results of the ,raphical and 

analyzed nthods varied slightly, since the graphical meth 

od gave an ovcr1l average, Jhilo the computed values were 

for a 3poiflo time interval and therefore included wider 

variations. (seo Appcndix, tables i through L. and plate 

6). 

The curve illustrated in plate 7 was computed by plot 

ting the dissolved oxygen (mg/i)*4 against the oxygen de 

fiait for various temperatures, The oxygen uptake was 

then plotted against the deficit with oxygen uptake ex-e 

pressed in pounds of oxygen per 2$ hours per acre of area. 

A smnle co.-axial chart of those plots was made for a 

convenience of intorretatton, 

*tror Corvallis, Oregon, newspaper, "Oazetto Thes" 
*miliigrgms of oxyon per liter 
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PLATE NO. 7

LAGOON DISSOLVED OXYGEN MG/L
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THEORETICAL OXYGEN UPTAKE
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C)NOLUSION8 

1 siirrcx,c reacratÌm Is an tup ortant cource of 

c)xífl in the winter aeaon th woetorri Oregon. 

2, The xiaxtrnum vahie of the reaorat1on ptnametor 

2 tOWd by thia study, wis O.02S6 por hour (pp3 per 

hours 

ppm deioit), 

3. !t a mininiurn d1eo1ved oxygon content et I ppi 

(teMpozatiuG four..degree cont1g'adc), 2OO pounds of 

ozgen would be traneferred th.rouh oaoh surtaoø acre por 

day, at a xithinzum rate of trancfox. 

The rioohan1cs of r71ouring the roacratlon con- 

atant aro sensitivo, requ5zin oxygen values in the 1aoon 

to be corìiderab1y loss then SG pexccnt aturat1ori, arid 

roquirinß periods of low algal activity, This can only 

bo achieved on days of heavy ovex'cact, thoro the diurnal 

fluctuation of oxygen, due to algal activity, is at a 

mthir)ur. Those ond1.tion cari be suet on only a few days 

oaoh year. 

. The sub.joøt of surface reaoratlon warrants ftr 

thor study to evaluate the controlling factors in a marino 

clima to and as found in eatern Oregon. 

Parts per million equal milligrams poi' liter 
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APPEDIX 



ntmi 

Dissolved 
L*goou C].az'top Oxygen Terìpora Saturation Deficit 

Time lIra Oqgn pp T*nk ppa Uptai'o turo, C Oxygei pp ppm 4W/dT 

o 13.8 13.? L.1 8 11.8? 
0,0236 O.00L7 

L.2S 1'.) 12.1 .2 i 12.il 1l3 

8.2S $.? 15.1 0.6 8 11.87 3.83 - 
2IsO 17.9 21,7 3.3 9 11.59 3l - 
32.0 iJ,8 19.3 Li..5 8 11.87 2.97 

t$.o 

. 

16.0 134 2.6 8 11.87 
- 

it.l3 - 
69.0 17.9 l9.! L5 B 11.8? 6.03 

93.0 18.0 16.3 1.8 7 12.17 S.83 

weather: High overcast and partial sun. 

]Date 18 Deocrnbr t 23 Decoriber, 199 

ppm rng"I whïöh is rni11igras per liter 

*Oxygeri given off at surface. 



RUN 2 

D1aøiy*d 
Saíip 18 Lagoor Cleartop Oxygen Teperaí. S*tntj Deficit 

'rime hz's Oxygen ppm 
-- 

Tank ppm Uptal:e turc. C OzygeD ppm ppm dW/4T k 

o 2.65 

--- 

2.6S o 3 i3J8 io.8 

6 3,05 1.9S 1.1 5 12.80 97 
Ob1& 0.0179 

O.2i40 O.02 
12 3.80 1.2 2.55 12,80 9.0 

18 3,9e 1.7S 2.15 5 12,80 8.9 
- 

214 :3.90 2.80 1.10 5 12.Cú 
- 

8.9 
- 
0.117 0.O1I7 

30 ,8 I.o 1,80 ia,8o 

36 6.6 3.55 3.05 5 12.80 6.2 
0,209 0.0317 

L2 6,0 3,30 2.70 13.13 7,13 
- 
0.050 0.0069 

148 6.0 3.0 3.00 3 13.LC 

;eathor: Clear, cøld ;ith a slIght overcast 

Date: 11 January to 13 January, 1960 



4IÏ 

Daßo1ved 
Samp1 Lagoon C1.oartop .Ogeì Teno z'a Saturatri Dftc1t 

rinie Hzs Oxyer pp Tank ppm Uptaio tire. C Oxygoi ppm ppm dW/4 k2 

o 11.2 

_l_J 

10.9 0.00 6 

. 

128 
. 

1.28 

: - -- _- 

0,125 O,OL12 
8 '(J 1.30 6 12.48 10o 

0.00 0.00 
17.5 7,2 4,2 1.00 13,13 5.93 

O.33Li. 0.0676 
23.5 9.8 6.6 3.00 2 i3..8i 

32,5 8,6 54 3.50 2 13,& 5.21 
0,0121 

8.5 1..7 3.8 
3,330 0,00587 

9,6 3,6 6.00 2 13, &L. 
0.232 0.050 

Woather: 0vrca3t9 *flov and PaX'tt*1 fz'ezfttg of pond 

Date 17 Tanuary to 19 Jnuax7, 1960 

ppz,1 gÌ1 r211itgrm per 1ier 

Djss1yd 0xy-e Upe avaraed frr plot of ourva 



nt1 

Dt*solvod 
SarnLc . 1 on C1ertop Oxygen Toxnpera Satuz'ation 

Oxygen 
Dotioit 

dfd k lime OT(?fl ppm Tank ppm Uptake tute. C 
:L * 

ppm 
- r--- 

ppm 
---- - - - 

_*N*L 

o 

- 

.9,7 

- - 

8.8 

: . 

8.9 

. 

3 1348 3,80 
0,580 0.290 

5.5 13,0 8.9 1.1 12,80 0,21 

io. 13.0 9,I1 3.6 6 12,I8 O.S2 

23J 8.7 6.1 2.6 
4. 13.13 

0.833 - 
29.S 1Ii 6,9 7.6v S 12.80 1.71 - 
$,0 13.1 6,2 6.9 s ia,8o 0.32 

0.1S7 - 
42.0 1I3.6 6,6 8.0 6 12,1ß 232 

0,231 - 14S 11.6 9,5 5 12.80 i.8o 

c.eathor: GIìaned from aunny o1eu' to overcast sky, finally reaulting in a preeip 
itation. 

Dato: 22 January to 2L. January, 1960 

ppm mg/i mi11iram por liter 

0xygen given oiT at surface 


