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ABSTRACT 

This study investigated conditions contributing toces failure 

and followed selected parameters to measure the 

forded sewage in cesspool disposal. 

This laboratory study utilized bench scale soil 

of treatment af-

imeters and two 

basic soil types: the Wahiawa Low Humic Latosol and the Lolekaa Humic 

Latosol. The soils were specimens from areas of 

ment within known ground water recharge zones. 

a1 urban develop-

The soils were molded into an ilL" shape in the to simu-

late the corner of a cesspool. The lateral soil column was 11 inches 

wide and the bottom soil layer was ten inches deep. 

A constant head of 11 inches was maintained in the pool of all ly­

simeters for thirty to forty days. 

Pressures throughout the flow field were determined by 

and manometers. The side and bottom drains in the allowed 

and flow rate determinations. 

The Hawaiian soils exhibited typical die-away curves of infiltra-

tion with time depending on physical, chemical, and microbial 

of both the feed and soil. Infiltration rates ranged between 0.7 to 3.6 

ft/day. 

A 99% reduction of the infiltration rate was evidenced by the Wahi­

awa soil over the experiment-period of 30 to 40 days. Both 

lysimeters containing the Low Humic Latosol developed a pan-like 

of soil fines approximately 3 cm below the bottom of the , pre­

venting the penetration of suspended solids after seven days. The Lole­

kaa soil did not show such changes. 

Flow nets plotted from pressure readings of the Wahiawa Low Humic 

Latosol showed that clogging occured in the 8 to 10-em zone of the side 
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wall and the soil base of :the lysimeters containing this soil. Flow 

through the lysimeter was governed by infiltration, rather than percola­

tion. 

Visual observation and negative manometer readings showed that un­

saturated flow conditions were always present in all of the lysimeters 

throughout the experimental period. Both domestic and sy~thetic sewage~ 

fed lysimeters exhibited a 90% reduction in organic nitrogep and a 62 to 

96% reduction in COD. 

The oxidation reduction potential reading (-340 mv) indicated that 

anaerobic conditions €xisted within the cesspool: apprecia~le concen­

trations of nitrates in the effluent indicated that aerobic conditions 

existed in the soil mass surrounding the cesspool. 

The results of this experiment indicate that unless further degra­

dation of the effluent is effected by the soil mass, the incomplete de­

gradation of the sewage makes it a definite hazard to ground water 

sources. study presents soil-effluent inter-reaction at a one-foot 

No conclusive evidence exists to substantiate any further degra­

dation of the effluent by the soil at greater depths to the required U.S. 

Drinking Water Standards of 45 mg/l of nitrates. 

iv 



CONTENTS 

I NTRODUCTI ON •..........•..•...........•.•..........•............... 

Geohydrology and Water Supply on Oahu ...........•............. 

Soil Characteristics ........................................... 2 

ACT! ON 0 F TH E CESS POOL. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 3 

Chem; ca 1 Factors.............................................. 3 

Biological Clogging ..•.....•...........•.•.................... 4 

Phys; cal Factors,. 110 ••• *' •••• '.,' •••••••••••••• ,., ................. ~ ~.. 5 

SCOPE ...•........ to ••••••••••••••••••••• III • • • • • • • • • .. • • • • • • • • • • • • • • • • • 7 

PURPOSE •. '.' .......................... '" .....• ill ill .. ill ••••••••• *' • .. • • • • • • .. • • 9 

METHODS AND PROCEDURES ............................................. 10 

General ............................................ " ........... 10 

Soil ................................................... 0 •••••• 10 

Synthetic Sewage ...•....•.........•..•...........•.•.......... 10 

Domes tic Sewage................................. . . . . . . . . . . . . .. 11 

Lys imeter Boxes ....••.......•.....•........................... 12 

Soil Packing .... ,.".,. .................... '/I ........................ 13 

Dosing .................... ' ................................ , .... 14 

S amp 1 ; n g. . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . .. 1 7 

Antiseption ........•............•...........•................. 18 

Chemical Tests ................................................ 18 

Oxidation Reduction Potential and pH Measurements ............. 19 

TH E RES UL TS .... " . It • It It It It • It " It It It It • It • " It It " • It ••••••• 10 •• It It • " " " •••• ., •• jO •• ". 21 

DISCUSSION AND CONCLUSIONS ..............•........•................. 32 

The Eq ui pment It ••••• It " " •• " ... " " " ••••• ., •• " • " .... " " II' • It ... ., •••• II' • ., " It '" 32 

The Res u 1 ts ..... It •••••• ~ It ., .' • " • " ••••• ., ....... " • " " •••• " ., ., •• " " " " It. 32 

Flow Stu die s . . . . . '" " It " " : " " , • " • • • • • , • II " " • if • • • • • • It • It It It • • II II • ., 32 

v 



Deve 1 opment Of Ferrol,ls Sulfide, q • ., ........ , ...... q .... 34 

Act; on of the Gesspoo 1 ..•.. ! ••••••••••••• , •• , , • I , ••• , • • •• 34 

SUMMARY II 110 110 ,. •• " " " 'II ....... , ~ • 110 , ~ •••••• :- 1 • ~ II •••• 'lit It 'I " • " ...... " " 'II •••• , •• 110. 39 

ACKNOWLEDGMENTS. " •• t: • ~ " t •• ~ ~ ................. " ....... ,. .. " ..... ,. • ~ ..... ". 44 

B I Bf ... I OG RAPHY ,. ........ " ••• " • ,. •• 011 ••••• I' " • ,. • ~ ••• t 'I • " .. , ~ ••• r ' •• ill , ••• ~ • " •• 45 

AP P EN D I XES •• 0) •••••••• " •• ~ ••• ~ •••• II •• ~ • ? • " ••• " • , " ,. ••• , ... , ~ •• " • , " •• ,.. 47 

FIGURES 
Number 

, Lys;meterr Schematic •• !1 ••••• '''.9t.' .• '' ••. !!i •••••• $ ••• ~ ••••• ''''o 12 

2 Wahiawa and lolekaa Synthetic Sewage-fed Ly~imeter$ •..•.. ,., 15 

3 Depth vs Potential Curves., •....... ! ••••••••••••••••• '.r .... 25 

4 Total I nfi Hrati on Gapac;ity ~urv~s .... , ... T ........... , • .... 26) 

5 Infiltration Capq.cHy Curv~s ...... ",." .... r ... ! •••• " ... ,. 27 

6 

7 

8 

9 

'iO 

Flow Nets 

Flow Nets 

Flow Nets 

Flow Nets 

Fl ow Nets 

of Lolekaa $oil with S~nthetic Sewage .. , .• , ....... 26 

of Wah; awa Sail with Syntheti C; S~wage ............. 29 

of Wahiawa anq LQlek~~ Sail with Tap Wat~r~""", 29 
I 

af Wah; awa So; 1 with Damesti c Sewage!. ~ ••• , .•..... 30 

af Lolekaa Soil wit~ Domes ti c; S~wage. f •• r ••••••••• 31 

11 I nfi 1 trat; on Curves •••••• ~ .••• ~ . , ... If .. , .. " .... 11 , ..... It : ........ ,. f" ... 33 

12 pH Curves for All Units •.. ! •••• , ••• , ••••••••••• , ••••• , •••••• 35 

13 ORP Curves r .................. f t ...... If ....... ~ ........ ~ ~ fi: \I ". ...... , ........... , '" 35 

14 5-day BOD Curv~~.~.f' ••••• ~ •• ~ ••. f •• , ••• Q •••••• o"' •• , ••••••• ~6 

15 COD Curves .. ,., ........ t: ........... lit , ..... ,. , .......... " .. l' ..... ! ••• , ...... II 36 

16 Ni trogen Curv~$ ... 1" • " t ' .. " • " IIj • , ..., .. II II! f .... ! ........... '" f , ......... f ...... 40 

17 Total Nitroge~ CujI'1ves •..•... , •• " ..••••..•.........•. ~, .•• ,. 41 

18 Nitrogen Curyes."" •• ~ 1'''' 4:."!II •• " ..... ,,,..,,,,,,. 11-.'"'' '" "' .... " .. ,,",,"" ~" 42 

vi 



TABLES 

Number 

The Res u 1 ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 21 

2 Ni t rate Content............................................. 24 

3 COD Reduct; on ......................................... , . . . .. 24 

4 Ni t rogen Reduct; on. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .. 24 

vii 





INTRODUCTION 

The oceanic environments~ the climatic con~itions, and the 

logy of the Hawaiian Islands combine to pose some unique situations for 

water and waste water disposal. 

The ocean provides the rainfall on Oahu through the processes of 

evaporation and precipitation. The basaltic geological structure forms 

the 

produce 

landmass, and the 

soils covering 

, leaching, and 

ions of the landmass. These 

natural processes together with cracked volcanic formations result in 

the enormous ground water storage in the basaltic lava mass repleni 

by the natural recharge of rainfall. 

In 1962, Hawaii was one of three states fortunate enough to 

of ground water contamination (1).* However, the have es 

land use ection for Oahu for the od to 1980 shows an in-

crease in urban area from 28,000 to 58,000 acres partly at the expense 

of lands now used for plantation agriculture, conservation, and open 

spaces (2). Hence, the possibility of ground water contamination will 

continue as as ground disposal of wastes continues. 

Geohydrology and ~'Jater Supply on Oahu 

The island of Oahu was formed between 30 to 100 million years ago 

by the flow of basaltic lavas from rifts in the ocean floor. The merger 

of the lrlaianae and the Koolau volcanic domes created the island. A cen­

tral plateau links the two domes (3). The volcanic rock formations and 

their residual soils have a great capacity to absorb and percolate water. 

*Number in the 

graphy. 

refers to the reference number in the biblio~ 



2 

There are three characteristic types of ground water on Oahu from 

which the public water supply is obtained (3). The most extensive of 

these, supplying 90% of the water used for public consumption, is the 

basal fresh water that overlies the sea water under much of the sovthern 

and northern parts of the island. This body of fresh water is often 

referred to as a Ghyben-Herzberg lens. Less widespread, but also 

portant, is the ground water restrained between impermeable vertical 

rock formations, called dikes, in the core of the Koolau mountains. The 

third type, of minor significance, is the gromld water supported in ho­

rizontal impermeable beds, often called "perched" water (4). 

Soil Characteristics 

The soils on Oahu developed from volcanic materials including lava, 

ash, tuff, and cinders, and are rich in iron, magnesium, and aluminum, 

but deficient in phosphorous (5). 

Leaching and the amount of rainfall in the area influence the re­

lative proportions of these elements in the soil profile. Soils in 

higher rainfall zones have lower amounts of silica and bases than those 

of the lower rainfall areas (5). 

The Great Soil Groups found on Oahu are the Low Humic Latosols, 

Humic Latosols, Hydrol Humic Latosols, Humic Ferraginous Latosols, Red­

dish Brown Soils, Gray Hydromorphic Soils, Paddy Soils, Dark Magnesium 

Clays, Solonchak, Alluvial Soils, Regosols, and Lithosols (6). 
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THE ACTION OF THE CESSPOOL 

In 1915, the state of Hawaii, then the Terri tory of Hawaii, enact-

ed the Public Health Regulations which permitted the plumbing of dwel-

lings to be connected to a cesspool, septic tank, or a combination of 

both (7). Subsequently, the cesspool gained wide public acceptance as 

a means of waste liquid disposal. 

Cesspools and septic tanks are similar in many respects. Both op-

erate in a soil medium, both handle domestic wastes, and both incur 

problems of clogging under normal operating conditions. The major dif-

ference between the two lies in the method of waste treatment. In the 

septic tank, solids are settled and held in one tank and the liquid is 

decanted from the tank and leached into the ground through percolation 

fields. In cesspools, the solids are settled and held in a pit, and the 

effluent is leached through the sides and bottom of the same pit. 

There is presently no information available on cesspool clogging. 
/ 

Most of the research done in the field of soil clogging by liquid wastes 

is related to septic tank-operation systems. However, due to the many 

similarities between the two methods of liquid waste disposal, much of 

the research in septic tank percolation field failures can be applied 

to the cesspool. 

When reduction of the infiltration rate of the soil system falls 

below its designed capacity to percolate waste liquid, cesspool failure 

occurs. This reduction is due to a physical change in the soil pore 

size and may be brought about by chemical, physical, or biological 

means, singularly, or in any combination of the three methods. 

Chemica 1 Factors 

Chemical clogging is mostly the result of the ion-exchange phenome-
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non, in particular,the exchange of sodium ion for calcium ion result-

ing in a deflocculation of soil aggregates (8). Where water softeners 

are used, chemical clogging assumes importance, but only a small pro-

portion of percolation system failures can be attributed to defloccula-

tion. Agriculturists agree that sodium detrimentally reduces infiltra-

tion rates when its concentration approximates 50 percent of the total 

cationic content of the irrigation water. The reduction in infiltration 

is in direct proportion to the sodium concentration. Fireman (9 ) has 

shown this effect for different soils. 

Owing to the low hardness of Oahu's water supply, the use of domes-

tic ion exchange water softening units is nil. These units are utilized 

only by the military and industry. Their waste water is piped into 

sewers for subsequent biological treatment and/or dilution by ocean out-

fall. 

Chemical clogging, as such, may thus be discounted as a major con-
/ 

tributing factor to cesspool clogging on Oahu. 

Biological Clogging 

Allison,(lO) established that long term decrease in permeability 

resulted from microbial activity. 

Orlob and Butler (11, 12) in a study of the sewage spreading on 

California soils, found that microbial activity caused soil clogging of 

a greater magnitude than that of purely physical clogging by sewage so-

lids. 

Winneberg,~r, Francis, Klein, and McGauhey (13) in soil clogging 

experiments under anaerobic conditions showed ferrous sulfide to be an 

important clogging agent. Approximately 40 percent Of clogging in a 

soil sample was attributed to insoluble sulfides formed under anaerobic 



condit hence, an important factor in minimizing microbial clogging 

would be to maintain aerobic conditions in the soil. 

Winneberger, aI, (13) showed that the initial clogging of the 

inundated soil resulted from filtration of suspended solids, and that 

later, microbial growth enhanced clogging to an appreciable degree. 

They went on to say, 

It is impossible to evaluate precisely the contribution 
of each factor (suspended solids, filtration, and micro­
bial growth) to soil clogging because solids were present 
in the sewage fed to all permeameters. Such a differen­
tiation could probably be achieved by studies with syn­
thetic sewage. 

5 

The latter statement influenced the selection and use of synthetic sewage 

in this investigation. 

Physical Factors 

The flow of water through soils in both the saturated and unsatu-

rated condition has been and is being studied extensively. 

The action of the flow of water through soils, such as the clays 

selected for this study, has been observed by Kozlova (14, 15) who de-

monstrated through the use of a microscope and motion picture camera 

that there was a movement of fine material in soils of uniform grain 

size with percolation of water. This translocation of colloids and 

macro particles has been studied in filter action by Eliassen (16) and, 

indeed, serves as the background for the removal of suspended material 

by filtering action (the physical removal by straining and by electo-

static precipitaion). The phenomenon of increase in head loss and de-

crease in quantity of water filtered has been noted, also. 

The action of reduction in soil infiltration of rain has been noted 

by Duley ,18 ) with the formation of a tightly packed layer of fines 
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a few millimeters below the soil surface. This type of c becomes 

a permanent soil feature and the retrieval of original soil infiltration 

properties can only be achieved by physical rearrangement of the soil 

mass. 

A similar change soil structure has been observed in Oklahoma 

and Missouri in somewhat similar clays. An arch type soil 

mass has under the influence of unsaturated flow suffered soil cle 

structure rearrangement with a subse~uent change in soil 

and volume. * 

*Personal communications to the author. 



SCOPE 

This investigation waS intended as a laboratory study utilizing 

bench size soil-filled lysimeters simulating cesspool configuration. 

7 

The lysimeters were dosed continuously for 30 to days with a domestic 

sewage, a synthetic sewage without suspended solids, and tap water. 

Three Oahu soils, the Lolekaa, Wahiawa, and Tantalus ,..,-ere initially se­

lected for testing on the basis of urban development potential, geohy­

drology of the areas in which the soils occur, and the availability of 

analysis data on these soils (5). The three percolants and three soils 

were incorporated into nine combinations of soil and percolant. A com­

parison of controls among these nine lysimeters was expected to yield 

information of the relative time rate of physical and biological clog­

ging of the various soils. 

Trial infiltration runs revealed that an impractically large volume 

of percolant was required to maintain constant head in the lysimeters 

containing the Tantalus soil. Consequently, the Tantalus soil was eli­

minated from the investigation. The remaining six combinations of two 

soils and three percolants proved amenable to further testing. Inves­

tigation of these groupings continued along the lines originally deline­

ated. 

Pressure taps and sampling points were placed in the lysimeters to 

allow direct determination of head, calculation of percolation rates, 

construction of flow nets, and collection of liquid samples. Laboratory 

tests of the liquid samples were performed in order to study biological 

degradation occuring in the cesspool and in the soil surrounding the 

cesspool. These tests were performed in accordance with the Standard 

Methods by the American Public Health Association, American v.later Works 
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Association, and the Wate~ Pollution Control ion, and included 

chemical oxygen demand (COD), oxidation reduction potential (ORP), 

the nitrogen and nit content of the ( 19). 



PURPOSE 

The purpose of this study is twofold: 

1. To study certain controlling parameters in early cesspool 

failure for two soil groups, and 

2. To ascertain to a limited extent the of biodegrada,.. 

tion afforded sewage discnarged into cesspools. 

The principles of ground disposal of sewage including those reveal-

ed by Winne berger , et al, ( will be ed and examined in the 

light of the distinct r<"'gional differences in soil, sewage, prac-

tice. 
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METHODS AND PROCEDURES 

General 

Domestic sewage, Weinberger synthetic sewage (20), and tap water 

were used in six combinations with Lolekaa Humic Latosol and l,vahiawa 

Low Humic Latosol. Tap water was used as a control to establish physi­

cal changes which might develop in the lysimeter due to solvent action 

alone, synthetic sewage was used to evaluate the effects of microbial 

clogging, and domestic sewage was used to determine the combined effects 

of microbial and physical filtering action on soil clogging. The 

changes observed in hydraulic factors and chemical contents of the ef­

fluent from the lysimeters were used as gauges to ascertain the effect 

of these on infiltration rates of sewage in the cesspools. 

Soil 

Soil was collected from icide and fertilizer free sites. Tne 

upper six inches of soil cover was removed, the soil loosened and pul­

verized, and extraneous material (weeds, roots, and branches) was remov­

ed and the sample transported to the laboratory. 

The sampling site for the collection of Wahiawa soil was located 

one-half mile north of Kamehameha Highway in an eucalyptus grave behind 

the Wahiawa National Guard Armory. 

The Lolekaa soil was obtained from a hill at the Haiku Plantations 

sub-division in Kaneohe. 

Synthetic Sewage 

The Weinberger synthetic sewage was prepared according to a formu­

la by Bennett (20). (See Appendix A for Weinberger's synthetic sewage 

formula.) The diatomaceous earth was omitted during the mixing process 
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to produce a product biologically similar to sewage b~t ~ith a low sus­

pended solids content. Since diatomaceous earth is biologically inert. 

the biodegradability of the sewage was not affected. Tap water used in 

preparing synthetic sewage was obtained from the Kaimuki Low Service and 

Beretania Low Service artesian wells. (Water quality information for 

these sources may be found in Appendix E.) The sewage was seeded with 

normal sewage bacteria, using 1% by volume of settled domestic sewage. 

Although it was never allowed to age more than two days in the holding 

carboys, according to Bennett, the Weinperger synthetic sewage has a 

5-day biochemical oxygen demand, BOD, at 20°C of approximately 210 ppm. 

a pH of 8.2, 6.2 ppm of soluble phosphorous, 13,7 ppm urea nitrogen, and 

approximately 25.3 ppm of total nitrogen. As tested, the pH of the 

freshly mixed synthetic sewage was 8.2, the 5-day BOD at 20°C WaS 134 

ppm, and the total nitrogen content was 22.1 mg/I. 

Domestic Sewage 

Domestic sewage was obtained from the Pacific Palisades sewage 

treatment plant at Pearl City with the permission of the Division of 

Sewers of the City and County of Honolulu. This source was chosen be~ 

cause the waste entering this plant came solely from domestic sourc~s 

and was free of all industrial wastes. An observation tour through the 

community substantiated this. 

Sewage to be used during the course of the day was left at roam 

temperature. The excess was refrigerated at 0° to 5°C. After three 

days, the unused sewage was discarded. 

Lys i meter Boxes 

The lysimeters measuring 611 x 2' X 2' were constructed of marine 

grade plywood with a sheet of clear 1/2 inch thick lucite plastic cover~ 
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ingone of the 2' x 2' sides of each lysimeter to allow ol:n:;ervation of 

the contents (figure 1). The lysimeter rested on the 611 x 2' base witq 

the top open and the soil packed along the bottom and one side forming 

an L-shaped mass. The soil was contained within screen walls of galva~ 

nized 1/2 inch wire mesh overlayed with 1/16 inch mesh Saran fiber win~ 

dow screen. An air vent allowed sQil aeration, Two drains at the bot­

tom of each unit allowed sampling of the percolant from the side wall 

and the bottom of the cesspool. A six inch plastic S (;tran wrap film was 

placed in the soil at approximately a 45° angle running from the inner 

corner of the 1IL" to the base corner to divide the soil into two hydrau­

lically separate masses. Preliminary infiltration tests Sh9Wed o~ly 

negligible leakage past this partition. 

Pressure taps of rigid 1/4 inch l\J.cite tubing, were passed through 

the plastic side of the lysimeter to the center of the soil maSS~ Pie~ 

zometers of clear glass tubing were conneqtedwith Tygon, a flexible plastic 

tubing) to the two rows of pressure taps closest to 1:;he side and bottom 

of the cesspool. The third rpw of preSS\J.re taPs wa~ sealed with three 

inch lengths of surgical rubber tubing and pinch clt:W1ps. He!;1d read.:i,ngs 

were taken from these pressure taps with a portable U~tube manometer. 

S(lil Pac;king 

Layers of soil were placed alOng the bottom in approximately 2 1/2 

inch Ii fts • (The plasti c Saran film was placed in proper pOl;:lit ion at 

this time.) Care was taken in depositing the soil to prevent mechan;i.oal 

separation of the fine from the co~rs~ mater1a~: the soil was not tamp~ 

ed or jarred. Only dry s01l was used because wet soils marked~y reduced 

permeability. After th~ lysimeters were filled with soil, tap water was 

slowly introduced through the bottom draips unt:U the water level was 
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approximately 1 cm from the top of the unit. Care was t to avoid 

excessive uplift pressures and the attendant unstable soil condition. 

The inundated lysimeters were drained completelY . Additional soil was 

added to regain the pre-inundation level. The flooding, draining, and 

soil replenishing was repeated five times. 

The lysimeters were then fed with tap water from the top with the 

drains open. Tap water was introduced into the empty ces by first 

placing a 250 ml beaker in the pit and filling the beaker and allowing 

it to overflow into the cesspool. The water was run continuously for 

three days. Any volume of soil lost through compaction was replaced on 

the third day when the units were drained completely. The units were 

dosed with water for five more days before the first infiltra-

tion rate reading was taken. This 

testing conditions. 

Dosing 

The lysimeters were simultaneous 

assured 

dosed with tap 

cally stable 

, domestic 

sewage, and synthetic sewage. The flow of tap water was adjusted by 

using pinch clamps and a globe valve faucet. Flow fluctuation was neg­

ligible. The tap water-fed lysimeters maintained a constant head with­

out difficulty. 

Domestic sewage was fed through a 1/2 inch Tygon tubing 

feed line from storage bottles by a variable sigmamotor 

positive displacement pump. A 6-hour inspection schedule guarded a­

gainst clogging of the intake lines to the pump by suspended matter. 

The entire contents of the bottles were pumped into the lysimeters with-

in six hours. While this did not insure a uniform 

matter to the lysimeters, it did transfer the total 

of suspended 

of suspend-



FIGURE 2--THE WAHIAWA (B-2) AND LOJ..EKAA (C-2) SYNTHETIC SEWAGE-FJ;D 
LYSItETERS. THe WHITE MATERIAL WAS A PRECIPITATE CAUSED BY 
CASTILE SOAP, ONE OF M INGREDIENTS OF SYNTHETIC SEWAGE. 
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eO. matter into the ~nits within six hours. As ologging of the lysime­

ters ~rogressed, and the flow rate diminished, f~ed was regulated by a 

constant head device. 

Synthetic sewage was fed with a sigmamotor pump. Eeing relatively 

free of suspended solids, it exhibited high infiltration rates • Feed 

was supplemented with gravity flow from plastic reservoir bottles. Floc­

li~e liiaterial, presumably microbial growth, accumulated within the feed 

lines to the lysimeters. This was loosened and flushed free with tap 

water at regular intervals. 

Sampling 

Flow rates and samples for chemical analysis were obtained from the 

bottom drains of the lysimeters. To determine flow rates, any ponding 

effect at the bottom of the lysimeters were eliminated. Thesampling 

procedure for lysimeters fed with tap water consisted of collecting ef­

fluent from the drains. For the sewage-.fed lye imeters, removal of mi­

crobial growth from the drains was necessary before sampling. All sam­

ples were collected in one liter medicine bottles. 

It took progressively longer to obtain one liter aliquots as the 

infiltration rate decelerated. The slowest flowing lysimeter took seven 

hours to percolate about one liter. To reduce sample degradation, the 

collection period was shortened by one-half. 

When scheduling permitted, the samples were analYEed immediately. 

If the laboratory facilities were oocup~ed, samples were stored at 0° 

to 5°C and analyzed the following d~. 

For the domestic sewage, grab samplings for a six d~ ~eriod were 

averaged to obtain values for BOD, total and suspended solidS, and COD. 

Because synthetic sewage was expected to be more conE1istent, only three 
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test samples were run. 

Antiseption 

After approximately seven days of continuous dosing with domestic 

sewage, the Lolekaa soil showed creamy white microbial growth in the 

bottom drains of the lysimeters. These deposits subsequently appeared 

in the other sewage fed units. The microbial flora was removed by 

flushing with 100 ml of clorox diluted to 500 ml with tap water. The 

clorox solution was left in the drainage system for five minutes. The 

drains were then rinsed three times with tap water. The clorox caused 

a rise in COD values for the effluents. Therefore, samples were obtain­

ed three days after the rinsing procedure. 

Chemical Tests 

The variables tested in this study included chemical oxygen demand, 

chloride content, biochemical oxygen demand, ammonia-nitrogen content, 

organic-nitrogen content, and nitrate content. 

The chemical oxygen demand test is used extensively as a means of 

determining the pollution strength of liquid wastes (21). The basic 

premise for this test is that organic matter is oxidized to water and 

carbon dioxide by a strong oxidizing agent under acid conditions. It 

does not distinguish between biodegradable and non-biodegradable organic 

matter, however. Also, the biological degradation rate of organic mat­

ter is not determined. This test is useful because of the short span of 

only two hours required to obtain results. In comparison, the BOD test 

requires five days. The COD test was run with one modification: the 

refluxing and titrating of the samples within the same standard taper 

ground glass neck 500 ml Erlenmeyer flask. Normally, samples are reflux­

ed in a round bottom ground glass neck flask then transferred to a 500 
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ml Erlenmeyer flask for titration. This modifi~ation appreciably reduc-

ed the time and effort required to run the test. Silver sulfate, added 

as a catalyst, more effectively oxidized straight chain aliphatic com­

pounds, aromatic hydrocarbons and pyridine (22). The Mercuric Nitrate 

Method of determination of chloride ion concentration was used to obtain 

a correction factor applied to the COD results. 

The Biochemical Oxygen Demand (BOD) determinations were run accord­

ing to Standard Methods by the Winkler Method as modified by Alsterberg 

(AZIDE MODIFICATION) to measure the amount of oxygen required by bacte­

rial organisms as they stabilized degradable organic matter under aero­

bic conditions. The BOD test determined the polluting strength of li­

quid wastes under aerobic conditions. The test was run with and without 

seed (natural anaerobic flora) to investigate its effect upon cesspool 

contents. 

Kjeldahl distillation with subsequent back titration with O.02N 

sulfuric acid determined ammonia and organic nitrogen ratios. Because 

organic nitrogen is progressively Qonverted to ammonia by biological ac­

tivity, the meaaure of ammonia relative to organic nitrogen in the sam­

ple gives a qualitative measure of biological degradation of nitrogenous 

compounds. In the Kjeldahl determination, the amines were reported to 

cause interference. 

The Brucine Method for nitrate de~ermination in Standard Methods 

was used because it is free from chloride interference which was expect­

ed in this determination due to the nature of the percolants. 

Oxidation Reduction Potential and pH Measurements 

Beckman Models G and 76~ an Analytical Measurements Incorporated 

Recording pH meter, and a Photovolt Model 1?5 pH meter were calibrated 

with pH7 buffer. Regular rinse and wipe procedures were implemented to 
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cleanse the electrodes before and after each reading. 

The ORP, oxidation reduction potential, meters were calibrated ac­

cording to the method cited by Kehoe (23). The electrodes were immers­

ed in solutions of pH4 and pH7 buffers to which a pinch of Quinhydrone 

was added. The meters were calibrated to read 218 mv on the pH)+ buffer 

and 41 mv on the pH7 buffer. The platinum electrodes were cleaned by 

rubbing a neutral abrasive cleaner, Bon Ami, on the platinum loops of 

the electrodes. 
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TABLE 1 -- THE RESULTS 

AREAS OF LOLEKAA HUMIC LATOSOL WAHIAWA LOW HUMIC l.ATOSOl 
I----....-,------------··---!!-----

TESTS WEINBURGER'S WEINBURGER'S 
_~_---_-+_T_Jl.P_W_A_T_ER __ +_~5-Y-N-TH-E-T-I-C-SE-W'-A-G-E_+-DOME __ S_T_l_C_SE_W_A_G_E_+_T_AP_W_A_T_E_R_+-_S_YNTHE_T_I_C_' _S_EW_AG_,E+_OO'_·_'_,E_S T_I_C_S_EW_A_G_'E~ 

I NFl LTRATI ON 
CURVE 

FLOW 
POTENTIAL 

OXIDATION 
REDUCTION 
POTENTIAL 

CHEMICAL 
OXYGEN 
DEMAND 

Showed charac­
teristic die­
away curve. 
LOR-log plot 
values" using 
the empirical 
formula: 

lO"lOq = 
lOlllOK-nloll10t 
or q=Kt_n 

q=lnfiltratlon 
rate 

K and n=con­
stants. 

n=O.25 
K=24.5 

i'ypicaJ die-away 
curve with time. 
Initial rate=58 rtf 
dn:y. After days, 
3.6 ft/day (91,% re­
duction) Reduction 
after 7 days=91,% 

Typical di.p-awRY 
curve with tine. 
Initial rate=58 rt! 
day. After 
1.1 ft/day 
duction}. At 

duction 
Initial 
duction 
tration of 

decline due to mi­
crobial action. 
Difficult to evalu­
ate microbial ac­
tion because of ac­
tivity noted during 
initial infiltra­
tion sta.ge. Micro­
bial action also 
reflected in the 
color and odor of 
the effluent. 

Fluctuating and negative head readings, and visual ob­
servations showed that unsaturated conditions existed. 
The equipotentj a1 lines 'Were unifomly spread out, ini­
t.ia.lly, but as dosing continued, grew cloReY' together 
near the sides apd bottom of the cesspool. Formation 
of a la;yer of fines was not present for this soi 1 
group. 

Readingc7.9 
to 8.0 

No reaction 

No reaction 

Initial reading at 
the pit=7.T 
After 23 days=7.0 
to 7.1. Foul odors 
present, but did 
not undergo acid 
fermentation follow­
ed by alkaline re­
covery . 

Within 18 days ORP 
values were in ex­
oeSS of -200 mv and 
continued to drop 
lilltil e. maximum val­
ue of -340 was 
reached. 

Readings: 
After le days=6.7 
After 26 days=6.5 
After "3 dn:ya=6.9 
Action similar to 
anaerobic breakdown 
in a seiNage 
er. Classic 
fermentation 'fol­
lowed by alkaline 
recovery. 

Sewa~e actively an­
aerobic in a short 
ti~e. Reading range 
=-3:'0 mv -390 
mv. Reading was 
consistently lower 
tha.n - 300 mv during 

of observa­
True anaero­

biasis in tte pit. 
Dis8.p:reeable odor 
developed. Also, a 
black area mani­
fested itself in 
the soil layers at 
this time. 

No pronounced peak. After f days a 
Values close fer creamy microbial 
both side and bottom growth in 
effluents. Greatest the 
difference was 20 
mgt]. Values for 
both side and bottom 
rose from I~O to 50 
rng/l in two days. 
Aft'er 
125 mg/l. 
the cesspool beca~~ 
progressi vely less 
efficient in the 
removal o'f solubles. 

days re­
mained ',0 co 110 
mv;/l. CC'D for sides 
less than the bot-

Show"eo. Chal"f\("- !lie-tP""~;';f curves 
tel'isti~ dte- present~ Final rBte 
e..wuy curve. much less thlln for 

n:::O.25 
K=I.6.e 

tap wat·er. Initial 
ratp: 181 ft.!dn:y. 
After;:"3 Itays: l.tl 
ft / day (a 1)1);; reduc 
tion}. Much of the 
reduction 
aft.er 1, to 
Initial R;reat rerlu(' 
tion due to suspenrl 
oed solids and slow 
declin~ to microbi-
al action. 

rni tiftl rf\lt>:::l,''l 
ft/d.uy. R(1t~ nt "ll 

of t,e5tin~ perio'i~ 
1.1 rLlday. An.~l" 
'j dHYS of t p stil1p: 
r!?d\l<' t. i CJn~:i9::'. TD­
tal percentage of 
dec-rea;;e at end of 
t'2~dn..y tpst p~riod 
was 9~.}.h;~ bused on 

the ;"itiRl flo" 
rate. Initial re­
d'J:,:'U.on was due to 
fi 1 t rO.Lion from 
GUSPE'lH1Cd solitls 
and c]ur:gin~ of' the 
5011-seWI1F':C i nter­

fRce. Greatest in­
crease in pC't·t'f'llt .... 

age of clop:/-:;ing re­
sultf>d from clor,­
ging by fl1trntion 
flr\d some microbial 
action. This 0:;011-

stitutc tht;:! second 
phn,se. 'l'h t rn rhuse 
chnrn.c terist it" 
slow lon~ t.erm c10p;­
p:i.np;, c~nlSed by mi­
crobinl p;rowth in 
the soil mllss. gloW' 
declinr: due to mi­
-cl'obj fil flct.ion 
which followed in 
tr.c J;; lo (30-tiny 
period. 

General reactir'lt) GRJne as that. for LolefuHt Humic LntoGol. 
HiRh he,g,d lc;;"'.s rcgioll present fit flllJlt'0xlrnatply ;:.:" em 
below the soil Burfnce at the hot tom; t't'lHted to n 
layer of fineH which had to thitl from 
the surfeicc. ConcH tioD present in aJ] COH-

ta.ining this soil p:roup. Cl()gr,i1l~ occurred l('s~" tltnn 10 
em from the pit floor. C'hnnge rate alwHYs ft ()~.l%' rpduc­
tion. 

Readings=,(.9 
to 8.0 

No reaction 

No react ion 

Initiul readinv, in 
the pH='!.1 !lPI"'OX­
lmately. 
After days de-
creased to 7.0-7.1. 
Indicates microbia1 
flegradatiQo, was es­
tabllshed with dif­
ficulty. 

Anaerobic condi­
tions slow to deve~ 
lop due to lack of 
active microbial 
flora. In Hi days 
OHP dropped to an­
aerobic conditions 
with values of -3hu 
to -380 my. Stron~ 
disagreeable odor 
persisted from the 
first day on. Ef­
fluent di d not show 
appreciable color. 

Initial valu~=AO 
mg!l, a soluble cor;. 
Progression contin­
uous wi thou!:. seri .... 
ous changes in cha­
racter of the waste, 

the bottom. 

pH of HUWltiiuf! ;la­
mest1 C :,:'PWH./J;c='r. 

to U.~'. 
After L_I dnys=(J< '( 

After ;?) dHYS""'5.9 
After ]13 days=b.9 
Indic:dA:d normal 
anaerold,c prOfrr{~ri'" 

sian and brenkdc,wn. 

OHP n::mHl nr:d f1t +)10 

to -+ lOU mv for nCHr­
ly two wncks. Afler 
1) days it dropped 
to a negqLiva value 
{pH reflec:'(·d simi­
lar chfmves 3t this 
tir.le). Con(lition 
due to lack of seed 
in sewage, or soil, 
or both. OHP read­
ing similar to 

reading. 

Values similar to 
Lolekaa so11 d{\sed 
with domestic Bew­
uge. Peak in ;;'0 
days, (mr.lY intii r:ate 
breakdown com-

rea'li ly 0xi­
by di rorn[~te). 
I, COl! of 

"giL 

to 110 
botto!'n. 
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AREAS OF 

TESTS 

CHEMICAL 
OXYGEN 
DEWWD 
(cont'd) 

BIOCHEMICAL 
OXYGEN 
DEWWD 

NITROGEN 

NITRATES 

TABLE 1 -- THE RESULTS (CONT'D) 

LOlEKAA HUMIC LATOSOl 

TAP WATER 

No reaction 

No rea.ction 

WEINBURGER'S 
SYNTHETIC SEWAGE 

Confirm,ed COD tes t; 
BOD of bottom perco­
lant was less than 
that of the side. 
Indicated bottom waS 
slightly more effi­
cient in the reduc­
tion of the BOD 
than the side. Sam­
ples were seeded, 
and subsequent rise 
in BOD noted. Read­
ing 110 to 220 mg/l 
indicated effluent 
W8.S capable of sup­
porting biological 
activity. 

No reaction 

Value=l mg/1- No ni. trate forma­
(Equivalent to tion. 
that of water) 

No chan"". 

Da-1ES Tl C SEWAGE 

ference=30 mg/l at 
equilibrium. Indi­
cated that soil be­
came progressively 
efficient in the 
removal of chemical 
1y oxidizable suh­
stances. 

Samples were seeded 
--followed by sub­
sequent BOD rise. 
Reading=110 to 220 
mg/I. Indicated 
thnt the effluent 
was capable of sup­
porting biological 
activity. 

Ammonia nitrogen in 
raw- sewage=12. 2 
mg/l. Side effluent 
reached peak in 11, 

at 19 m~/l. 
43 days=O. 

mg/I. Organic ni­
trogen content in 
raw sewI<Re=24.3 
m,,!l. Valuee in 
both side and bot­
tom effluent re­
mained nearly the 
same. Initial vaJ­
ues=8.0 mg!l for 
the pit. After 

through 
bottom (after 

43 days) value=l to 
3 mg/l respective­
ly. This indicated 
a conversion of 
total organic ni­
trogen to ammonia 
in passage through 

ft~ of a cesspool 
Amount 

was 33 
18 days. 

lJecr,'a"ea to 19 
mg!l after 47 days. 
Organic nitrogen 
high on 11th day: 
value=19 mg/l. De­
creased to 1 mg/l 
in 47 for the 
bottom~ value 
=2 mg/l on the 15th 
dBlf, increasing to 
2.5 mg/l on the 
47th day. Indicated 
a normal 
sian of m,oa,ea:ra(]Q­
tion. 

Higher concentra­
tions of nitrates 
in the side than 
in the bottom ef-

Wt>HIAWA LOW HUMIC LATOSOl 

TAP WATER 

No re-action 

No reaction 

WEINBURGER'S 
OOMEST I C SEWAGE 

Soi 1 action was 
merely straininp. 
No evidence of 
chan~e in the ef­
fluent. Indicated 
that BOD removal was 
due to biological 
action. (BOD read­
ing was the same as 
for domestic sew­
age, ) 
When samples were 
seeded the BOD rose, 
Reading~110 to 220 
Ing!l. Indicated 
that the effluent 
WRS capable 0 f 
porting bio] 
activIty. 

Normal conversion 
of protein to ni­
trate or nitrite 
was being accom­
plished. Chan~es 

are not as markpd 
in comparison to 
domestic sewage a5 
might have been ex­
pected~ Protein was 
converted'to ammo­
~ia to ni tri te 611(i 

to nitrltte. 

Value=l mg/l. No nitrate forma-
(Equivalent tion. 
to that of Wa-
t,r) no change 

DO'1ES TI C; SEWAGE 

The range remajn~rl 

110 1.0 7U mp) 1 (l<>os 
than the hot. t.or:d • 
MfUirr:u-'1l di fference 
betwr:en the side 
and bot. tom e ffl Uf:'!ot 
:: ""\lJO a.fter 2t) 
dRYs. rLi ffE-renee 
'Was re.riucf'rl to 30 
Ill,,/l at the end of 
the observation 

at equili­
Soil became 

progressively more 
efficient in remov­
al of chemic.u1y 
oxi di zable s ub­
stances. 

Average ray feed 
BOD re.ding=210 
Illg/l. Initial read­
in~ showed 0 over il 

2 week period. Rose 
with seedin;;. Range 
in 

reading 
vas lower thaq for 
the bot tom. Indi­
cated that tbo 
sIde was mor~ effi­
cient in the reduc­
tion or BOD. Efflu­
ent still capable 
of supporting bio­
logi cal 9.cti v.i ty. 

The amount of nmmo­
nia nitrogen"perco­
lating throup;h the' 
sides was lower 
than through the 
bottom. Ammonia ni_ 
trogen content of 
raw sewlitJ:e=12.2 
mg/I. Bottom value 
rose to 31, mg/l af­
ter 19 doys. De­
creased to 22 mgt] 
after "3 days. Or­
ganic ni trogen con­
tent of raw Bewa~e 
was 24.3 rug/I. Val­
ues for both side 
and bottom were 
nearly the same. 
lni tial reading=B.O 
mg!l for pit, de­
creased to 1 and 3 
rIllS/I for side and 
bottom after 1i3 
days. (lndi cat. ,\ con­
version of tota.l or­
ganic nitrogen to 
ammonia in passage 
through 1 ft. of 
soil.) Biodegrada­
tion progressed as: 

Side ef-
showed high­

er produ-ction of 
e.rnrnoni a nit ragen 't 
thus, higher degree 
of degradation in­
dicated. Test show­
ed 90% reduction in 
organic nitrogen 
content, and 62 to 
96% reduction "Of 
COD of the liquid 
waste a.s it wa.s 
acted upon by mi~ 
croorganisms. 

Higher concentra­
tion in the side 
than in the bottom: 
range for s! de= 37 



AREAS OF 

TESTS 

NITRATES 
(cont'd) 

BIOLOGICAL 
ACiIVITY 

TAP WATER 

No reaction 

CONTAMINATION 10 reaction 
POSSIBILITY 

HYDRAULIC Ko re&ction 
CONSHEAAtlONS . 
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TABLE 1 -- THE RESULTS (CONT'O) 

LOLEKAA HUMIC LATOSOL 

WEINBURGER'S 
SYNTHETIC SEWAGE 

OO'IESTl C SEWAGE 

fluent. Values: 
for side=13 mg/l 
bottom=2.7 to 6.0 
mg/l. 
Brucine Method 
used. 

TAP WATER 

!Di: -0: an odors No obnoxious odors No reaction 
from to final for 14 days. On 

I day of tests. Light 17th day odor 
I ;yellow, effluent with faint of 
from the side, dark- mercaptan. and ska­
er effluent from the tales was produced. 
bottom. Soil mass Darkest colored ef­
did not darken until flunnt of all units 
after 35 days of with darker color 
dosing. effluent at the 

bottom than at the 
side. Red growth 
appeared after 11 
days--could not be 
removed with clo­
rox. Black ferrous 
sulfide patches ap­
peared after 3 days 
in the bottom sedi­
ment. Liquid turned 
black in 7 days. 
Soil ma.s darkened 
after 2 weeks. Ex­
tensive colored de­
posits present. 

RiBing trends indicate that both ,e,:,~e No reaction 
fed units would produce effluents 
higher concentration of nitrates than 
the U.S. Drinking Water Standards of 
115 mg/!. 

I 

The color. odor. 
and turbidity in­
dicated that the 
effluent was cap­
able of supporting 
~icrobial growth-­
a definite hazard 
to ground water sup 
ply. 

Extenalve ~netration of sollds whioh No re~ctlon 
caused the bottom sediment to be broken 
up b;y the formation of gas. Flow rate 
from the bottom at times was higher 
than from the sides. Soil appeared to 
be drying out at 6 to 8 inches from the 
pit at the sides and 2 to 3 inches from 
the floor of the pit. 

WAHIAWA LOW HUMIC LATOSOL 

WE I NBURGER'S 
SYNTHETI C SEWAGE 

SolI maSS darkened 
after 33 of 
dosing. ni.~grpp_ 

able od"Ts from 1st 
to last day of in­
vestigation. No 
darkening of the 
soil ma.ss for 30 
days. af-
ter 33 of dos-
ing. 

OOMESTJ C SEWAGE 

to 53 mg/l;for bot­
tom=12 to 11, mg/l. 
Decreasing nitrog~n 
trend and increas­
ing nitrate valve 
indicated th~t de­
gradation vas pro­
ceeding to effect 
sewage stabiliza­
tion. Brucine Meth­
od used~ 

Red growth appvared 
after 11 days_ Si­
milar to the Lole­
kaa domestic sewage 
fed unit. After 3 
days black patches 
(ferrous sulfide) 
appeared in the 
bottom sediment. 
Liqui~ turned black 
in 7 days. Soil 
mass darkened after 
2, weeks. Penetra­
tion of dark color­
ed deposits was not 
so extensive. No 
odor for II, day •• 
After 17 days musty 
odor developed with 
hints of mercaptan. 
and skatoles. Ef­
fluent light-orange 
--bottom darker ' 
than sides. 

See notation under Loleksa soil Group. 
Identical c.ondi tions existed in this 
soil group also. 

See note under 101e­
kaa, - Domestic Sew­
age. 

Developed a pan-like layer of fines ap­
proximately 2.5 em below the floor of 
the cesspool pit. This layer restricted 
the passage of suspended solids into the 
solI. Restriction appeared to 
the gas formation within the to dis-
rupt the bottom sediment. Bacterial ac­
tion was limited to the sediment on th~ 
floor of the pit without penetration. 
The physical obstruction caused a lower 
rate of flow from the bottom than from 
the sides. As flow diminished, the soil 
appeared to dry out at a distance of 6 
to 8 inches from the sides and 2 to 3 
inches below the floor of the pit. This 
soil is notoriously poor for cesspools, 
although good results are offered in 
field infiltration flow rate tests. 
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TABLE 2 -- NITRATE CONTENT 
(n'\,,( / I N) 

WAHl AWA--S IDE LOLEKM--SlDE WAH I AWA--BOTTOM LOLEKAA- - BOTTOM 
8/4/65 8/6/6S 8/4/65 8/6/65 8/4/65 

SYNTHETl C SEWAGE 0.0 0.0 0.0 

DOMES TI C SEWAGE 37.0 53.0 13.0 13.0 12.0 

TM' WATER 0.8 0.8 

TABLE 3 COD REDUCT ION 

COD (lll/l/!) REDUCTION (m~/I) 
WAHIAWA LOLEKAA WAHIAWA lOLEKAA 

SYNTHETIC SEWAC,E 

SEWAGE 335 335 

PIT 146 150 185 185 

SIDE 42 128 293 207 

BOTTOM 13 126 322 209 

DOMESTIC SEWAGE 

SEWAGE 557 557 

PIT 407 379 150 178 

SIDE 42 131 515 426 

BOTTOM 71 81 486 ,.76 

TABLE 4 -- NITROGEN REDUCTION 

AMMONIA-N (rnv,/l) % CHAI%E ORGAN I C-N (l"r.:1!2 
WAHIAWA LOlEKAA WAHIAWA LOLEKM WAHIAWA lOLEKM 

SYNTHETIC SEWAGE 

SEWAGE 0.47 0.47 21. 61 21. 61 

PIT 1~.70 1'1.70 +394 +394 5.40 5.50 

EFFLlIENT--SlDE 21.70 15.80 +434 +316 1. 70 3,00 

!;FFLUENT~-B01'TOM 21.00 19.70 +420 +394 1.90 2.60 

DOMES Tl C 5 EWAGE 

SEWAGf:' 12.20 12.20 12.10 12.10 

PIT 23.7() 22.40 +194 +184 8.00 7,70 

EFFLUENT --$ IDE 0.40 1.60 - 97 - 87 1. 10 0.80 

EFFLU!;'NT--BOTTOM 20.80 19.50 +170 +160 2.30 2.40 

8/6/65 8/4/6,816/65 

0.0 

13.7 2.7 5.B 

0.8 0.9 

~ REDUCTION 
WAHIAWA LOlEKM 

87.5 61.8 

96.2 [,2.4 

27.0 31.9 

92.S 76.4 

87.3 85.5 

~, REDUCn ON TOTAL 
WAHIAWA LOi:"EKM WAHI~-

22.08 

75.00 74.50 25.10 

92.00 86.20 23.40 

91.00 88.00 22.90 

24.50 

37.30 "',30 31. 70 

91. 00 93.40 1. SO 

81.00 80.00 23.10 

lOLEKM 

22.08 

25.20 

18.80 

22.30 

24.30 

30,10 

2.40 

21. 90 
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3 0 AYS 

2.5 

TAP WATER PAY S£WAGE 

2~----------------~ 

C-2 22 DAYS SEWAGE 

IN THE FLOW NETS PLOTTED ABOVE, THE LOLEKAA SOIL DOSED WITH 
SYNTHETIC SEWAGE, EXHIBIT A GENERAL PATTERN OF CONVERGENCE AT BOTH 
THE; SIDE AND BOTTO'1 OF THE PIT EVEN THOlX..H THIS SOIL GROUP DID NOT 
FORM A LAYER OF FINES. THE EQUIPOTENTIAL LINES ARE CLEARLY DEFINED. 

FIGURE 6--FLOW NETS OF LOLEKAA 50 I L WITH 5 YNTHE TI C 5 EWAGE 
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t CAY 
16 DAY!;) SEWAGE 

TAP WATER 

THE WM1IAWA SOIL DOSf:D WI Til 'iYNTIlET[C SEWAGE DEVELOPED A LAYER 
OF FINES ABOUT 2.5 CM FRflM THE PIT FLOOR. NOTE: THE EXTREME CONVER-
GENCE OF THE EQUIPOTENTIAt. LlNrS FIFI.OW THE PIT FL<XlR AFTER If, DAYS 
OF DOSING. 

FIGURE 7--FLOW N!;TS OF WAHIA\'JA 501 L \nTH SYNTHETJ C SEh'AGE 

WM1 I AWA 

5 

47 DAYS TAP WATER 
47 DAYS TAP VIA TER 

TAP WATER WHICH MEASURED PHYSICl\l CL(lC.GI NC. MAINTAINED DISTIN·· 
GUI5HABLE EQUIPOTENTIAL LINES FROM THF FIRST DAY OF TFSTING TO THE 
LAST. NOTE THAT EVEN IN THE WAHIAWA L-FILLED lYSIMiTER THE I [NES 
ARE SEPARAIE AND CU';AR. 

FIGURE 8--FLOW NETS OF WAHIAWA AND LOLEKAA SO I L WITH TAP WATER 
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16 

2.5 2.5 

DAY TAP WA.TER :3 DA.Y S SEWAGE 

16 

2.5 

9 DAYS 

r---'"''''----IG -

~:3 CAYS SEWAGE 
SEWAGE 

THE CONTRAST OF DEGREE OF CONVERGENCE OF THE FLOW NET IS 
SHARPLY ILLUSTRATED IN THESE SEQUENTIAL GRAPHS. NOTE THE EVENLY 
SPREAD LINES IN THE TAP WATER-DOSED READING IN CONTRAST TO HiE 
READING AFTER ONLY THREE DAYS OF SEWAGE lXlSING. THE UNSATURATED 
CONDITION OF THE WAtHAWA SOIL IS READILY fVIDENT IN THE SUBStQUENT 
FLW NET PLOTS. 

FIGURE 9--FLOW NETS OF WAHIAWA SOIL WITH DOMESTIC SEWAGE 



8 

~---'I 

DAY TAP WATER DAY SE WAGE 

10 DA YS 

16 ________ --__ ~ 

/ 
2 

SEWAGE 
34 DA,YS Sf WAG€ 

THIS SOIL ALSO EXHIBITFD MARKfil CON\1 .. RCE'NCE OF TIlE EQUIPO-
TENTI AL FLO« PATTERNS. ALTHOIf,H A ',HARP corWER(;LNCE I S PRESENT IN 
AFTER ONE DAY OF DOMES T' C SEWN;r: (x.1S lNG, THE CONOI T ION I MrROVED 
AFTER 34 DAYS OF SF-liAGE rXlS I Nr,. 

FIGURE lO--FLOW NETS OF LOLEKAA SOIL WITH DOMESTIC SEWAGE 
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DISCUSSION AND CONCLUSIONS 

The Equipment 

The soil 

performed ace 

imeters constructed to simulate a corner of a cesspool 

to design. All of the vital features of tne lysime-

ters withstood the stresses imposed and their hydraulic 

readily observable. 

The lysimeters were simple to e and maintain, 

ies were 

ring only 

a periodic removal of microbial growth from the bottoms and drains of 

the units. All extremes of flows the test soils were handled 

by the drains with the exception of the Tantalus soil which had an ap­

ably higher infiltration rate. 

The Res ul ts 

FLOW STUDIES 

This investigation of the flow of sewage through typical Hawaiian 

soils shows flow net studies that clogging of the soil uc-

curs rather close to the exposed soil surface, a depth of 

10 em. Hawaiian soils show a dramatic decrease in infiltration rate 

with soil clogging. However, in comparison with the flow rate of tap 

water through unclogged California soils, the rate of infiltraticll1 for 

Hawaiian soils is seven times than that for 
--~ ........... -

California soils of the same type. 

It was found that the infiltration curve for tap water fed into a 

simulated cesspool lysimeters containing Wahiawa Low Humic Latosol and 

Lolekaa Humic Latosol when plotted 

an empirical equation of the form: 

-n q :;; Kt 

time could be represented by 
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successfu+ operation of cesspools depend largely on the continued perme­

ability of the pit bottom. 

The simulated cesspool lysimeter containing Lolekaa soil showed 

extensive solids penetration and the bottom sediment was broken up by gas 

formation. The flow rate through the cesspool bottom was at times high­

er than through the sides. 

DEVELOPMENT OF FERROUS SULFIDE 

The development of ferrous sulfide was noted within three d~s in 

domestic sewage-fed lysimeters; first~ in the bottom sediment, and then 

in the liquid of the pit within seven days, and after two ~eeks in the 

soil immediately beside the l~er of organic matter whi.ch had accumulated 

on the sides and bottom of the pit. 

The synthetic sewage-fed units showed the same effects but within 

33 days. 

The Wahiawa soil demonstrated less extensive penetration by the 

dark colored deposits. This appears to be in accord with the develop­

ment of the pan-like resistant layer beneath the cesspool bottom with 

continued inundation. 

A relationship was observed between the color of the cesspool ef­

fluent and the occurrance of the ferrous sulfide and its deposit in the 

soil layers. 

ACTION OF THE CESSPOOL 

Within the cesspool contents true anaerobiasis was observed (nega­

tive ORP, the pH changes of the anaerobic environment, gas formation, and 

the formation of ferrous sulfide). 

Within the soil mass surrounding the cesspool, the comparative re­

sults of changes in the ammonia and organic nitrogen content of the sew-
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where ~ is the flow rate, K is a constant, t is the time and n is a 

constant. 
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This equation was used by Willocks and others (24) in field infil-

tration tests of Oahu soils and by Hewlett and Hubbert ( on model 

studies on a s--r---o soil mass during drainage. The results of this in-

vestigation with tap water flowing through a two dimensional flow lysi-

meter agreed 

fue 

with the empirical equation. 

of the lysimeters dosed with sewage demonstrated 

that the infiltration rate changes significantly with time and could be 

separated into three distinct parts (Figure 11). fue first of the 

curve denotes a normal reduction of infiltration by physical 

within the soul mass. fue second, and steepest, segment of the curve 

indicates clogging by filtration and microbial action. The third por­

tion of the curve shows the effect of long term clogging pres 

caused by microbial action. 

The Wahiawa soil developed a pan-like layer of fines approximately 

2.5 cm below the bottom soil surface of the cesspool. This layer re­

stricted the pasaage of suspended solids in the li~uid media from pene­

trating deeply into the soil. The restriction of solids penetration ap­

pears to prevent gas formation within the soil with its ,subsequent dis~ 

ruption of the bottom sediment and limits bacterial action to the sedi­

ment on the cesspool floor. The infiltration rate was, thus, much lower 

for the bottom of the lysimeter than for the side wall. 

These results correlate with the field observation in the installa­

tion and operation of cesspools in Wahiawa soil which offers good field 

test results for infiltration, but on long term operation as in the case 

of cesspools, it clogs and fails. fue leaching of li~uid waste and the 
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age feed~ the cesspool liquor, and the effluent fOr those domestic 

sewage-fed units demonst clearly that aerobiasis predominates with-

in the soil mass. The conversion of organic nitrogen and ammonia to ni~ 

trates and the evidence of this in the side wall flow ind~cated some 

stabilization of the waste flowing through the cesspool; the levels of 

nitrates produced were well above the limits for potable drinking water 

as set by the U.S. Public Health Service. 

The odorous, black, offensiVe cesspool liquor indicated clearly 

that the action of the bacteria in the cesspool liquid storage area was 

anaerobic. The pH changes showed the progression of anaerobiasis, the 

BOD and COD changes indicated that the side walls, experiencing a degree 

of aerobiasis, were more efficient in reduoing BOD and COD (as measure­

ments of organic matter present) than the bottom of the cesspool which 

showed anaerobiasis to a greater 



SUMMARY 

The pH readings for the two domestic sewage-fed units reflected 

the three stages of anaerobic digestion: 

1. Acid fermentation 

2. Acid regression 

3. Alkaline fermentation. 

The time required for the cesspool to go through the three stages was 

extremely short; approximately 24 days as compared to 220 days for a 

sludge digester which also exhibits the same stages of anaerobiasis. 
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Odors developed in both units after approximately 17 days of sewage 

dosing. This corresponds to the start of the lowering of pH signifying 

the beginning of the acid fermentation stage. The domestic sewage-fed 

lysimeters showed a coincidental high in ammonia nitrogen concentration 

around the sixteenth day of inundation which supports the belief that 

the acid fermentation stage starts then. 

The COD values for the same tvo units plotted on the same time 

scale as the pH showed an increase in COD with a corresponding decrease 

in pH. The cesspool was anaerobic as shown by the ORP measurements in 

the -340 mv range. It is safe to postUlate, then, that the principle 

organisms present in the cesspool were the acid producing and methane 

producing strains. The effective pH range of the methane bacteria is 

6.4 to 7.2. The acid formers are mostly facultative organisms and can 

exist over a much wider pH range. Since the enzymetic system of the me­

thane bacteria is much more pH sensitive than the acid formers, the me­

thane bacteria was inhibited as the pH of the cesspool dropped due to 

the action of the more prolific acid formers. Without the methane bac­

teria to carry oxidation to the final end products of CO2 and CH4, the 
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amount of volatile solids in the cesspool increased, thus, causing a 

rise in COD. With an increase in pH, the COD values decreased. It ap­

pears, therefore, that the composition of the cesspool leachate is de­

pendant on pH; that with pH values below 6.5 there is a trend to in­

crease in the COD. 

The phenomena of pH variation was not noted with the synthetic sew­

age-fed units. It is probable that the microbial flora and fauna found 

in the domestic sewage-fed units were not established in the synthetic 

sewage. 

Anaerobic decomposition is in general less efficient than aerobic 

oxidation due to differences in the metabolic system of the respective 

types of organisms. Anaerobic organisms require from 20 to 30 times 

more food substrate than an equal number of aerobic organisms. Due to 

the inefficiency of the anaerobes in degradation, the effluent of the 

lysi1lJ.eters exerted COD~ BOD, and contained Ammonia. Nitrogen ammonia is 

not converted to nitrates by microorganisms under anaerobic conditions. 

This study conclusively established the aerobic nature of tne soil 

mass surrounding the cesspool. There was practically no increase in am­

monia nitrogen as the liquid waste percolated through the soils. Also, 

the presence of nitrates on the order of 3 to 53 mg/l in the effluent 

of domestic sewage-fed lysimeters further indicated aerobiasis within 

the soiL 

Lastly, the mobile field of flow patterns existing around the simu~ 

lated cesspools were defined for the first time. 
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APPENDIX A: CQM:>OSITION OF THE WEINBERGER SYf'iTHETlC SEWAGE 

CONSTITUENT CONCENTRATION m~/1 CONSTITUENT CONCENTRATION ~/I 
CAMBRIDGE TAP WATER CAMBRIDGE TAP WATER 

NUTRIENT BROTH 

UREA 

CASTILE SOAP 

SOLUBLE STAROi 

DIATOMACEOUS EARTH 

SOOILMCHLORIOE 

10D 

30 

50 

100 

25 

30 

POTASSILH CHLORIDE 7 

CALCILH CHLORIDE 7 

MAGNESILH SULFATE 

ALLHINlH SULFATE (I. H2O) 5 

DlsOOILM HYDIIDGEN PH)$PHATE 25 

SODILM BICARBONATE 168 

APPENDIX B: HONOLUlU WATER ANALYSIS 

KAI~I IlERETPNIA 
LON SERVICE lOW SERVICE 

yEAR..................... 1963 

DATE COLLECTED ••••••••••• OCT. 11 

LABORATORY NUMBER........ 85~20 

1961 

OCT. 11 

85~22 

REGIONAL HEAD, FEET...... 25.21 2~.30 

SPECIFIC CONOUCTPNCE, 
MICROMHOS @ 25°C ••••••• Jel 

pH VALUE................. B.15 

TURBIDITY................ 0 

COLOR.................... 0.1 

310 

8.15 

o 
0.1 

IN EQUIVALENTS PER MILLION 

CALCILH ................. . 

MAGNESILH ............... . 

SODILH .................. . 

POTASSILH ............... . 

B I CARBONATE •••••••••••••• 

SULFATE ................ .. 

CHLORIDE" •••••••••••••••• 

NITRATE ................ .. 

O.39~ 

.7!10 

2.19~ 

.061 

1.196 

.2~8 

1.969 

.026 

O.~O~ 

.7'1~ 

1.607 

.084 

1.262 

.158 

1.360 

.039 

KAIMU::1 
LQII Slav! CE 

BERETANIA 
LOW SERVICE 

IN PARTS PER MILLION 

DISSOLVED OXYGEN ••••••••••••••••• 

FREE CARBON OIOXIDE •••••••••••••• 

'.n 
o 

9.20 

o 

SiLiCA........................... 16,110 40.00 

CALCILH •••••••••••••••••••••••••• 

MAGNESILH........................ 9.60 

SOOILM........................... 5D.~ 

POTASSILH........................ 2.40 

BICARBONATE...................... 73.0D 

SULFATE.......................... 11.90 

8.10 

8.80 

36.90 

3.30 

77.00 

7.60 

CHLORIDE......................... 69.~0 48.00 

FLOURIIl: ....................... .. 

NITRATE •••••••••••••••••••••••••• 

PHOSPHATE ....................... . 

IRON) ( 
MlWGANESE ) ( 
COPPER ) ( 
LEAD ) ...... LESS nwI ...... ( 
ARSENIC ) ( 
SELENIUM ) ( 
CHROMI UM"" ) ( 

0.D5 

1.60 

0.20 

.02 

.02 

.02 

.02 

.92 

.01 

.02 

0.05 

2.110 

0.10 

.02 

.02 

.02 

.02 

.02 

.01 

.02 

---------------------f TOTAL DISSOLVED SOLIDS ........... 263.00 232.00 

63.00 
TOTALS 6.878 5.638 ---------------------f ALKALINITY.,..................... 60.00 
" HEXAVALENT ONLY. 

"" INCLUDES FLOURIDE AND PHosPHATE AS PO~. 
TOTAL HAR~SS................... 59.00 56.00 
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APPENDIX C: WAHIAWA SOIL SERIES 

THE WAl-UAWA SERIES COMPRISES ALflC HAPlOXEROX MEMAERS OF A CLAYEY 
OXIDIC, HYPERNESIC FAMILY. TYPICALLY, TME SOILS ARE DARK REDDISH' 
BRM! WITH A GRANULAR A HORIZ<l'J OVER A fRIIIBLE, BUT CCH'ACT B HORI-
Z<l'J WITH A STRONG STRUCTURE. MAN~ilJ.ESE IS Ca+tlN THROUGHOUT THE 
SOLUM GIVI~ A PURPLISH CAST WHEN MOIST. 

TYP1FYI~ PROFILE: WAl-iIAWA SILTY CLAY" - PINEAPPLE 

API 

AP2 

B21 

B22 

B23 

B3 

0-6" VERY DUSKY-RED (2.SYR 212) SILTY CLAY, DUSKY RED 
(2.5YR JI2) DRY; MOI::ERATE MEDIUM,FINE, AND VERY 
FINE GRANULAR STRUCTURE; WRY HARD, FRIABLE, 
STICKY AND PLASTIC; ABUNDANT ROOTS; MANY MEDIUM, 
FINE AND VERY fiNE INTt:RSTlTlAL PORES; MANY BLACK 
C<l'JRETtONS 0/8 - IN' DIAMETER) I COMPACT IN 
PLACE; VIOLENT EFFERflSCENCE wnH HYDROGEN PEROX­
IDE; MEDIUM ACID (/>~_5.6)l IIBRlPT SMOOTH ~ 
AllY. TWO TO SIX INGMES THICK. 

6-12" DUSKY-RED (2.SYR 3/2) MOIST AND DRY SilTY CLAY; 
Ca+tlN DARK REDDISlf-B/IIOWN (2.5Y!! "If) MATERIAL 
fORM THE B HORIZ<l'J MIXED !lY CULTtVATI<l'J; MODER­
ATE COARSE SUSANGULAR ~lDCKY STRUCTURE; HARD, 
fIRM, STICKY AND PLASTIC; ClJM>ACT IN PLACE; ABUN­
DANT ROOTS; FEW FI~ 1+«:1' VERY FINE TUBULAR PORES; 
MANY BLACK C<l'JCltE'TIO"lS; VIOLENT EFFERVESCENCE WITH 
HYDROGEN PEROxIDE; ""DIlM ACID ( H 5.8); ABRlPT 
WAVY BOUNDARY; 5 TO 8 INcHES THI~K. 

12-16" DARK REOOISH-B~ (2:SYR 214) SILTY CLAY, DARK 
REDDI SH BROItI'l (2. SYR 3/fl) DRY; WEAK COIIRSE SUSAN-­
GULAR aREAKl1'«; 10 MOtiEAATE FINE AN\) VERY FINE SUS­
~ULAR BLOCKY $TRoctlJlll!l HARD, FIRM, STICKY AND 
PLASTIC; PLENTIFUL MlOTS; Ca+tlN FINE AND VERY 
"'NE, FEW COARSE TUIlULAR POlItES; MIim BLACK C<l'JCRE­
n<l'JS; STlW'IG EFFERWSelEliCE WI TH HYDROGEN PEROX-
10E; MEDIUM ACtO (pH 5.6). 

16-33" DARK REOOISH-BRCWt (2.5'1'11 2/ft) SILTY CLAY, DARK 
REDDISH BROWN (2. 5YII 3/1f) DRY; WEAK COARSE SUBAN­
GULAR BLOCKY BREAKING TO MODERATe AND ST~ SUB­
~ULAR BLOCKY STRUCT~Ei HARD FRIABLE, STICKY AND 
PLASTIC; VERY FEW ROOTS; Cl1+1ON FINE AND VERY FINE 
TUBULAR PORES; NEARLY CONTINUOUS PRESSURE CUTANS; 
MANY FINE DISTINCT BLACK STAINS; FEW BLACK CONCRE­
TI<l'JS; STR~ EFFERVESCENCE WITH HYDROGEN PEROX-
10E; SLIGHTLY ACID (pH 6.5); DIFFUSE WAVY BOUND­
ARY. fOURTEEN·TO 20 lNCHES THICK. 

33-"5" DARK REDDISH-BRCMN (2.5YR 21") SILTY CLAY, DARK 
REDDISH BROWN (2.5YR 31") DRY; WEAK ~OARSE SUBAN­
GULAR BLOCKY BREAKI~ TO MODERATE AND STR~ VERY 
FINE SUBAl-liUj.AR BLOCKY STRUCTURE; HARD, FRIABLE, 
STICKY AND PLASTIC; NO ROOTS,COMMON AND VERY FINE 
TUBULAR PORES; NEARLY C<l'JTJNOOUS PRESSURE CUTANS; 
MANY FINE, DISTINCT BLACK STAINS; FEW BLACK CON­
CRETI<l'JS; MODERATE EFFERVESCENCE WITH HYDROGEN 

PEROX I OE; NEUTRAL (pH 7. 1); OJ FFUSE WAVY BOUND-
ARY. TEN TO I" INCHES THICK. 

"5-60"+ DARK REDDISH-BROWN (2.5YR 21") SILTY CLAY, DARK 
REDDISH BROWN (2.5YR 3/") DRY; MODERATE AND STR~ 
VERY FINE SUBANGULAR BLOCKY STRUCTURE; HARD, FRI­
ABLE, STICKY AND PLASTIC; NO ROOTS; COMMON FINE 
AND VERY FINE TUBULAR PORES; FEW FINE BLACK STAINS; 

VERY FEW BLACK C<l'JGRETI<l'JS; THIN PATCHY CLAY FILMS; 
CONTINUOUS PRESSURE CUTANS; MANY DISTINCT SLICKEN­
SIDES lP TO 2 INCHES L~; SLIGHT EFFERVESCENCE 
WITH HYDROGEN PEROXIDE; NEUTRAL <pH &.9). 

TYPE LOCATION: H<l'JOlULU COUNTY, HAWAII. DOLE CORPORATION. KAMEMA-
MEHA HlGH>lAY TO TME ENTRANCE ROAD TO MILILANI CEMETARY. EAST 0.1 
MILE' THEN 400' NORTH IN FIELD '4101 BLOCK 10.. PMOT NlMBER DACE-I-
2S. 

RANGE IN CHARACTERISTICS: THE A HORIZ<l'J HAS OIItY AND /flIST VAlU'S 
OF 2 OR 3 AND CHR(Mi\$ OF 2 TO II IH::N DRY OR /fll ST. THE B HeR I ZON 
~ES IN HUE FReM 2. SYR TO lOR WITH DRY AND. MOIST VALU'S OF 2 OR 3, 
CHROMAS OF J TO 6 IoI-IEN ORY, AND. 1 TO 5 WHEN "'11 ST • ~ilJ.ESE C<l'J­
CRETIONS OCCUR <l'J THE SURf'AtE PH) TO DEPTHS OF "TO MORE THAN 5 
FEET. DEPTH TO HI GHLY WEATHERED IiASAL T VAR I ES FReM 5 TO MORE THAN 
10 FEET, BUT A FEW I!OULIJER CORES *V OCCUR IN THE LOWER SOLI.M. 

CLWETI~ SERIES PH) THEIR DIFI"!iREtjTIAI;: THESE ARE THE KUNIA, LA-
HAINA, lEllEHIJIl., #¥) ~SERIES. THE KUNIA SOILS HAVE HUES OF 
SYR IN THE A HORIZON, IoND WEAK PlltCHY. PRESSURE CUTANS IN THE B2 HO­
RI Z<l'J. THE LAHAINA SOILS HAVE WEAK. stRUCTURE IN THE II HORI Z<l'J, LOoi 
C<l'JCENTRATIONS OF Ml!t«>ilJ.ES.E I!EL(1JI 25 INCHES. LEILEHUA SOILS HAVE 
ARGilLIC HORIZONS, LOoi CONtENTAAT/ONS OF MllH:ilJ.ESE, AN\) ARE VERY 
ST~LYTO EXTREMELY AtID. ~ SOILS HAVE II THIN PAN-LIKE SHEET 
IN THE lPPER B. TI-t;y AlSO HIliit': ARGILLIC HORIZ<l'JS. 

SPTl~: WAl-iIAWA SOILS ARE <l'J LOt«;; SI4:lOTH RELATIVELY UNDISSECTED 
MEDIAL lPLANDSAT ELEVATIONS OF 500 TO 1200 FEET. SLOPES ARE NOR-
MALLY 1 TO 8 PERCENT, BUT RANGE FROM 0 TO 25 PERCENT. THE SOILS 
DEVELOPED IN !+iAT IS PRES~D TO BE AtLINllH FROM OLIVINE BASALT OF 
TME KOOLAU MQlMIlINS. #H.JAl AAINFAll IS "0 TO 60 INCHES. t1EAN AN­
NUAL SOil T~RATVRE IS A80UT 71"1", AVEIVtGE JANUARY TEMPERATURE IS 
69°F) AVERAGE JULY TEMPEAATURE IS 16°F. 

PRINCIPAL ASSO!aATE&WlbS :WN-ftAWA SOILS ARt:: IN THE SAME GENERAL 
AREA AS THE KUNIA, A NA, LEILEHUA, AND ~ SERIES. 

ORAl NAG!; AND PEf!t1f~1 LITY: WELL rAAllEo WITH SLOW RtmFF AND MODER­
ATELY RAPID PERMEABILiTY. 

USE AND_II!:.GETATlON: USED P~IMAIUlY FOlit IRRIGATED Su;ARCiIJ.E AND 
PINEAPPLE WITH SMALL AREAS OF PASTUItE. NATURAL WGETATI<l'J C<l'JS1STS 
OF GUAVA (p5ID(UM GUAYAVII KOA MADLE (LE ), LANTANA 
(LANTANA CIlMARA ,JOEE STACHYTARPHIi:TA C JAPilJ.ESE TEA 
(CASSIA LESOiENAULTIANA), BERMUJA GIWiS TVLON) AND HONO-
H<l'JO (COfMLlNA OIFFUSA). 

DIS'fRIBUTI<l'J AND EXTENT: ON TI-£- ""DIAL lPLANDS BETWEEN THE WAIANAE 
AND KooLAU ~ES. THEY COMPRISE 22,26" ACRES. 

SERIES ESTABLISHED: H:lNOLULU COUNTY, HAWAII. SOIL SURVEY, TERRITORY 
OF HAWAII, 1955. NAME TAKEN FRa-t TI-£ TOoIN OF WAl-iIAWA. 

REMARKS; THE WAHIAWA SERIES WAS FORMERLY CLASSIFIED AS A LOW HUMIC 
LAT050l 

ELH-LOG NATIONAL COOPERATIVE SOiL SURVEY, USA 
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APPENDIX D: LOLEKAA SOIL SERIES 

THE LOLEKAA SERIES COMPRISES HLMOIC TROPOIll1'1ULTS, MEM8ERS OF A 
CLAYEY, OXIDIC, HYPERMESIC FAMILY. TYPICALLY, THESE SOILS IlAVL 
DARK BRCMN A HORI ZONS WITH STR()I'.X; FINE AND VFRY FINE SUBAN:;ULAR 
BLOCKY STRUCTURE. THE UPPER 82 HORIZONS ARE DARK BROWN, HAVF 
STR()I'.X; SU8ANGULAR BLOCKY AND CONTINUOUS CLAY FILMS ON SURFACES AND 
IN PORES. 

TYPIFYING PROFILE: LOlEKAA SilTY CLAY" - PASTURE 

AP 0-10" DARK-BROWN (I0YR 313) SILTy CLAY, DARK YELLOWISH 
BROWN (I0YR 3/4); STRONG VFRY FINE AND FINE SUH­
AN:;ULAR BLOCKY STRUCTURE; VLRY HARD, FRIABLE, 
STICKY AND PLASTIC; ABUNDANT FINE N'<O MEDILM 
ROOTS; MftNY VFRY FINE AND FINE INTERSTITIAL N'<D 
TUBULAR PORES; MftNY VFRY FINE HARD EARTHY LUMFS; 
STRON:;LY ACID (pH 5.1); ABRuPT SM:)QTH BOUNDARY. 
EIGHT TO 10 INCHES THICK. 

B1 10-15" DARK-BRI:MN (IDYll 3/}) SILTY CLAY, DARK YELLOWISH 
BRI:MN (IOYR 3/4) DRY; MODERATE VFRY FINE N'<D FINE 
SUBANGULAR BLOCKY STRUCTURE; HARD fRIABLE, STICKY 
AND PLASTIC; PLENTIFUL FINE ROOTS; MANY VFRY FINE, 
FINE AND MED I UM TUBULAR PORES; CONTI NUOUS TH I N 
COATINGS ON PED FACES; EVIDENCE OF MUCH WORM ACT! 
VlTY; MftNY HARD EARTHY LlMPS; COI'M)N SOFT 5 TRct<G~ 
LY WEATHERED GRAVFLS; DISTINCTLY YELLI:MER THAN MA­
TRIX N'<D SMEARY; VERY STRONGLY ACID ( H 4.6); 
CLEAR SMOOTH BOUNDARY. FOUR TO & INCFiES THICK. 

B21T 15-22" DARK-BROWN (IOYR 3/3) WILTY CLAY, DARK BROWN (IDYll 
4/3) DRY; STRONG VERY FINE, fiNE AND MEDIUM BLOCKY 
AND SUBANGULAR BLOCKY STRUCTURE; HARD, FRIABLE, 
STICKY N'<D PLASTIC; FEW FINE ROOTS; MftNY VERY FINE, 
FINE N'<D MEDILf.1 TUBULAR PORES; CONTINUOUS THICK 
CLAY FI LMS IN ROOT CHANNELS; t-AJINY HARD EARTHY 
Ll14PS; COMPACT IN PLACE; VFRY STRONGLY ACID ( H 
4.6); CLEAR SMOOTH BOUNDARY. FOUR TO 10 INCH~S 
THICK. 

622T 

B2:!T 

B24T 

23~33" DARK-BROWN (lOYR 313) SILTY CLAY, DARK BROW'" (lOYR 
413) DRY; STRONG MEDIUM SUBIWGULAR BLOCKY AND 
STRONG VFRY FINE AND FINE ANGULAR BLOCKY STRUCTURE; 
HARD, FRIABLE, STICKY AND PLASTIC; FEW FINE ROOTS; 
COI'M)N VERY FINE N'<D FINE TUBI}LAR PORES; CONTINlXlliS 
THI CK CLAY FILMS ON PED FACES AND DAR~-BROWN (7. 5YR 
4/4 MOIST) CONHNUQUS THICK CLAY EIUIS IN ROOT 
CHANNELS; MANY HARD EARTHY Ll1'1P5; VFRY COMPACT IN 
PLACE; VERY FEW HIGHLY WEATHERED ROCK FRAGMENTS; 
EXTREMELY ACID C('H 4.3); CLEAR WAVY OOUNDARY. NINE 
TO 18 INCHES THICK. 

33-42" DARK-BRI:MN (IOYR 3/3) SILTY CLAY, DARK BROWN (lOYR 
4/3) DRY; STRONG VFRY FINE AND FINE BLOCKY AND 5U8-
AN:;ULAR BLOCKY STRUCTURE; HARD, FRIABLE, STlO:Y N'<D 
PLASTIC, FEW FINE ROOTS; MANY FINE N'<D VERY FINE 
TUBULAR PORES; REDDISH-BROWN (5YR 4/4 MOIST) CON­
TINUOUS THIN CLAY FILM ON PED FACES AND DARK-BROWN 
(7.5YR 4/4 MOIST) CONTINUOUS THICK CLAY FILMS IN 
ROOT CMANNELS; COMPACT IN PLACE; FEW ROCK FRA(,­
MENTS; EXTREMELY AC I D (eH 4.3); CLEAR SM:lOTH 80UND-
ARY. THI RTEEN TO J 5 I NellES THI CK. 

42-55" DARK YELLOWI SH-BROWN (lOYR 4/4) LON-I, YELLOWISH 
BROWN (lOYR 5/4) MOIST; MODERATE TO WEAK VFRY FINE 
N'<D FINE SUBANGULAR BLOCKY 5 TRUCTURE; HARD, FR I ABLE, 
SlIGclTLY STICKY AND SLIGHTLY P,I\STIC; FEW VERY FINE 
ROC!S; MANY VERY FINE N'<D FIIIE TLI1ULAR rORES; R[D-

DISH IlR(MN (>YR "1" '\(\IST) CONTINlXlUS THIN CLAY 
FILM ON PFD FAcrs I\Nn PARK-IlROWN (7.5YR 4/', MOIST) 
WNTINIXV; THICK (lAY FILMS IN ROOT Ol/\NNELS; COM, 
PIICK IN PLACE; H.W ROCK FRN;MENTS; EXTRIYCLY ACW 
(pH 4.}); CLEAR SHOOTli BOIJNI1ARY. TIll RTEEN TO 15 
I NellES fill C~. 

BlT ,,-f,," DARK YELLOWISH-BROWN (tOYR 5/4) LOAM, YELLOWISH 
BROWN OOYR 5/4) MOIST; MODERATE TO WEAK VFRY FINE 
AND FINE SIJ8Ai'¥;ULAR BLOCKY STRUCTURE; flARC>, fRI­
MILE, SLIGHTLY STICKY N'<D SUC,IHLY PLASTIC; FEW 
VERY FINE ROOTS; MNIY VERY FINE AND fiNE TUBULAR 

REI1DISH BROWN (5Y~ 1,/4 MOIST); THIN CONTIN-
LXlUS FILMS ON PED fACES AND IN PORES; 20 TO 
2S PERCENT WEATHER[\) ROCK FRII[,MfNTS THAT ARE LESS 
WEAnlE'RED THAN ABOVE; EXTREMELY ACID (pH ".3). 

TYPE LOCATION: HOt-DLULIJ COUNTY, HAWAII. NEAR STATE fiOSPITAL AT KA-
NeOHE. ON FEDERIIL HI(,HWAY NI1-1flER 83. TURN WEST ON KENIHALA ROAD 
H:MARD HOSPITAL, PROCEED ABOUT 2400 fEET TO HOSPITAL BOUNDARY, THEN 
~)RTHWEST 600 FEET A(ROSS KEAAHALA STREAM TO THE IMPROVFD PASTURE. 
PI-K1TOGRAPH NI1-1BER DACE- 3~42. 

RN'<GE OF CHARIICTERI 5T I CS: OOMINANT TYPE IS 5 I LTY CLAY, BUT SMALL 
ARC-AS OF HEAvY SILTY CLAY LOAM MAY BE INCLUDED. TEXTURE OF THE BH 
J'()RI lON, RllNGE FROM LOJIM TO SILTY CLAY. MOIST VALU:S N'<D CHRO'IAS 
or TIlE A ~IORllON RllNGE rR()M 2 TO 4. MOIST VALUES OF THE B HORIZON 
RAt¥,E FROM 3 TO 4 N'<D MOIST CHRO'IAS RllNGE FROM 3 TO Ii. HIGHLY WEA­
THERE[), SOFT GRAVEL N'<D S TONES VARY FROM NONE TO MftNY THROUGHOUT 
THE :;OLtt~. REACTION VARIES FROM STR()I'.X;LY TO EXTREMELY ACID. DEPTH 
TO HIGHLY WEATHERED GRAVFL AND STONES VARIES FROM 40 TO MORE THAN 
60 INCH(S. 

!;.OMPETlN:; SERIES AND THEIR, DIFFERENTIAE: THESE ARE mE KANEOHE, 
PC/IAKUPU, N'<O WAiKANE seRIES. TfiE KAN[()lE SOILS HAVF SYR AND RED-
OCR HUES TIIROlK;HOUT THE SOLl1'1. "[liE POHAKLPU SOl L5 00 t-DT HAVF AN 
ARGllLi C HORI ION, ARE SLWiTLY ACI D THRO!X,riOUT AND HAVF BLACK 
STAINS IN THE B HORIZON THAT EFFERVFSCE WITH HYDROC,EN PEROXI~. 
WAIKN'<E SOilS HAVE 7.5YR AND REDL~:R HUES IN THE B HORIZON. 

Sf. !.!.LN<!: lOLEKAA SOl LS OCCUR ON NLARLY LEVFL TO GENTLY SLOrlN:; 
TERRN:ES Ai'JIJ HODERATELY SI,.OfllN:; TO VERY STELl" AlLLNIAL FN'<S AT EL-
EVATIONS OF NEIIR SEA LEVFL TO 500 FEET. AI'l'UIIL RIIINFALl IS 70 TO 
90 INQIES. AVFRIIGE IN'<UARY TEMPERIITURE IS ABOUT 70"F; AVERN;E 
,JULY TEMPERATURE 15 AOOUT 7&"F. THE M£N'< AI'l'UAL SOl L Tf./APERATURE 
1511BOUT 71°E. THE RE<.OLlTH IS ALLUVIl1'1 N'<D (flLLUVILf.1 FR~ BASIC 
I r,r,fOUS ROCK. 

THESE ARE THE AlAfU1A,HANALEI, KANEOHE, 

DPAlNIIC,f. ANO PERHEABILlTY: WELL DRAINED. M:1DEPATELY RAPID PERMEABI­
LI TV .--R-lUlFFISSUJVliOMEDI l1'1. 

FOR PASTURE. SMALL AREAS ARE 
VEGETATION IS CALIFORNIA GRASS 

HI LO c,RIISS (P/ISPALl1'1 CONdIX;A Tl.M), RICE 
GUAVA (p5Ifilt.M r;UAYIIVA),CHRISTMAS 

AND ~KOA HA(iii (!J'\~A!'.~LAUC~). 

DISTRIBUTION AND EXTFNT: WINOWARD omu BETWEEN THE H:MN5 OF WAIMA-
NALO iii,\) K/lJlIft<U BLlOW1,iE KOOLAU RA!'.K;E AND SMALL VALLEYS AND ALlIJ­
VIAL FA'S NEAR J-KlNOlULlI, ONiU 

ifRIES ESTAIlLlSHE[l: SOIL SURVFY, TERRITORY OF HAWAII, 19". 
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