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“We pour out money to help plague-stricken cities, and 

appoint days of fasting and prayer to command Divine inter- 

ventions; but when the plague is passed, and forgotten in 

the whirl of business, we continue to pour filth into streams 

and sell the waters for domestic use; and when epidemics 

blight us, talk wisely of the inscrutable ways of providence 

forgetting that it is in exact harmony with God's laws that 

he who swallows poison must abide the issue.".....Green 1880 (7)
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I 

INTRODUCTION 

In 1938, the Board of Supervisors of Prince William County, 

Virginia, appropriated sufficient money to the State Department of 

Health to provide the county with a full-time health service. This 

department included the services of a medical health officer, a public 

health nurse, and a public health engineer. Inasmuch as the inclusion 

of the services of a graduate engineer in rural health departments in 

the State was a recent innovation, supplanting that of the field-trained 

sanitarian, the standardized sanitation program was insufficient. Very 

shortly, however, it was observed that the improvement of school sanitation 

would, in addition to the public health value discussed later, involve suf- 

ficient engineering problems to show the advantages to be gained by the new 

resident engineering service. A comprehensive program of this kind would 

also involve problems of economics and politics, which could be surmounted 

only by careful technical design and judicious application of the funds 

available. There is little doubt that the ultimate possibilities have not 

been revealed, but the completion of the program serves to disclose some 

“ those possibilities. The degree of perfection attained in this specific 

program may be determined by the reader; but for the purpose of this thesis, 

it is of little moment, since the conclusions drawn are justified by the 

facts. 

A review of literature preceding the main ction of the thesis in- 

cludes sections on soil and ground-water pollution, water supply, and 

sewage disposal. Descriptions of the county, the school system, and the 

health department follow, in an effort to present the implements or. factors
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contributing to the performance of the program. In reviewing the pro- 

gram each project is described and discussed separately so that tech- 

nical points may best be considered. A report of the conditions ex- 

isting before the beginning of the work is included, as well as a re- 

view and discussion of the results. Suitable conclusions of an economic, 

political, and technical nature are noted, and the plans and specifica- 

tions of one project are appended.



II 

REVIEW OF LITERATURE 

Soil and Ground-Water Pollution 

Many microorganisms live in the soil, especially cultivated soil. 

The specific types depend to a large extent upon the kind of soil and 

the use which has been made of it. Both microscopic animals (protozoa, 

nematodes, rotifera) and plants (algae, fungi, and bacteria) are found 

abundantly in soil. For the purpose of this discussion we are most in- 

terested in the bacteria, since they play an important role in ground- 

water contamination as well as in the purification of human and animal 

waste products. 

Many estimates have been made of the numbers of bacteria per gram 

to be found in various soils. Soils rich in decomposing organic matter 

may be expected to contain greater numbers of bacteria than do sandy 

soils. A determination by microscopic methods has been made by Waksman 

(1) when he found the following numbers of bacteria in millions per gram 

at the surface: Forest soil 2747, Brown loan soil 1434, Sandy soil 866. 

Again it may be said that the numbers and kinds of bacteria in soil will 

depend upon the soil type and treatment, moisture content, season of the 

year, depth and other environmental factors. Waksman (1) states that 

few bacteria may be found in soil at the end of a long dry period, but 

that they increase rapidly after the first rainfall because of the in- 

crease of available organic and inorganic materials. 

The distance below the surface of the soil has a definite relation to 

the number of bacteria which may be expected. Stiles and Pfau (2) report 

a reduction of bacteria in sandy soil near Wilmington, N. C. == from
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280,000 per gram at 6 inches under the surface to 31,000 per gram 18 inches 

under the surface and to 100 per gram 90 inches under the surface, while at 

96 inches under the surface the number increased to 3,300 per gram. This in- 

crease which Seek cthes in the capillary fringe above the ground-water table 

is most interesting in view of experiments conductéd by Stiles and others (2) 

at Fort Caswell. (These experiments are discussed later.) Waksman (1) states, 

*In humid soil, most of the bacteria are concentrated in’ the upper 2 feet of 

soil and the highest numbers are found just 1 to 3 inches below the surface 

**#* in sandy soils, due to better aeration, the numbers do not diminish as 

rapidly." Whipple (8) in sandy soil on Long Island where manure was being 

continually unloaded from railroad cars found 360,000 bacteria per cc. at the 

surface with 120 per cc. at a 20 foot depth. 

Meny species of bacteria are found to exist in soil; some of these make 

the soil their natural habitat, others are induced artificially or by unusuel 

conditions and exist so long as a favorable environment continues. Many of 

these bacteria play an important role in the purification of excreta or sew- 

age; by oxidizing, reducing, or breaking down complex compounds into simpler 

and more readily usable compounds, resulting in stable or inoffensive pro- 

ducts. However, for the purpose of this thesis, discussion will be confined 

largely to those bacteria present in human wastes, either normally or ab- 

normally, and which may be pathogenic or may indicate pollution of ground 

or surface watercourses. Of these pathogenic bacteria the more important 

are the organisms of typhoid fever and dysentery, namely, Eberthella typhi 

(formerly known as B. typhosus) and Shigella dysenteriae (formerly known 

as Be suenatician, Shiga). Another dysentery organism, Flemers dysentery 

bacillus, was formerly known as B. dysenteriae, Flemer. There are several
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other species of B. dysenteriae which will not be discussed here. These 

organisms are not normal inhabitants of the soil but when placed there in 

human excreta may remain for shorter or longer periods. Another group of 

organisms (probably non-pathogenic) important in tracing or discovering 

fecal contamination is the Escherichia-Acrobacter group, specifically 

Escherichia coli and Aerobacter aerogenes (formerly known and B. coli and 

Be aerogenes, respectively). A. aerogenes is usually considered indicative 

of surface contamination of water, while E. coli is a generally accepted 

international standard of fecal contamination, and hence nonpotableness of 

water (2). Writers disagree as to whether E. coli is a natural inhabitant 

of the soil. Wakeman (1) states that Bact. coli of fecal origin is easily 

distinguished from Bact.:coli of soil origin. However, this opinion is not 

at the present held by authorities. Stiles (2) found ‘er in normal soil 

(sand) near Wilmington, N. C. at 6 inches under the surface but not at 12 

inches or below. Kligler (3) in a series of tests in South Carolina found 

the surface soil invariably contaminated with B. coli, but of all the samples 

taken from 2 to 10 feet below the surface not one contained Bacillus coli. 

Kligler (3) however, reports that “Houston, Chick, Smith, Harrocks, and others 

found that B. coli is present but rarely in uncultivated soil *#*,." The 

writer's experiences have shown that samples from wells obviously receiv= 

ing surface seepage do not always show contamination of the coliform group. 

It is, however, generally accepted that E. coli is usually present in fecal 

discharges of warm blooded animals although not always present in urine. 

The presence of these bacteria in the soil would be of very little im- 

portance from a sanitary standpoint were it not for the fact that a large 

portion of our drinking water is obtained from the great mass of underground
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water. This underground water is, for the most part, contained in the 

pore space between the particles that make up the soil, subsoil, and rock. 

"A part of the underground water which has reached the lower levels occupies 

spaces along bedding, fault, joint, and other planes, and a part occupies 

solution channels and caverns formed in soluble rock." (4) The depth to 

which this ground water will penetrate has been estimated to be 6 miles and 

the total quantity to be found has been estimated by Slichter (5) to be suf- 

ficient to cover the globe 3000 to 3500 feet deep. This great mass of under- 

ground water is not quiescent but is continually moving in the general direc+~ 

tion of the surface flow. The actual direction and velocity of flow is de- 

pendent upon local factors. In the case of limestone caverns and solution 

channels the direction of flow may vary greatly from the direction of the 

surface-water flow and the velocity may approach that of free running sur- 

face streams. On the other hand the flow through granite, shale, or met- 

amorphic rock will be determined by the direction and size of the bedding, 

fault, joint, or cleavage planes. In the case of sandstone the direction of 

flow will usually be the same as the dip of the strata except where it may 

pass under and between two impervious strata, in which case the direction 

will be determined by the pressure gradient. The velocity of flow through 

sandstone will be dependent upon the size and uniformity of grains as well 

as the pressure gradient. The flow through gravel, sand, loam, or clay soils 

will usually follow the general direction of the surface flow and the 

velocity of flow will be dependent upon the size of pores. This may vary 

from a relatively rapid flow of 144 feet per day in gravel to one foot or 

less per day in sand. Fiedler (6) says, "A true clay has extremely small 

interstices and even though its porosity may be greater than that of many
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deposits of sand or gravel, little or no water moves through it +***«," 

The distance below the surface where the top of the ground water 

(water table) may be encountered is important in obtaining a subsurface 

water supply and also in protecting it from pollution. This distance may 

vary from a few Sashes in swampy or marshy land to many feet in arid re- 

gions. The level of the water table may fluctuate from day to day and 

season to season depending upon the rainfall. 

The above discussions of bacteria in soil and the occurrence of 

ground water is merely an introduction or preface to the crux - the ability 

of undesirable soil organisms to contaminate ground water supplies. Green 

(7) in 1880, while extolling the advantages of the American Driven Well, 

of which he (Green) was the patentee, said, “Exhaustless springs, rivers 

and water-beds may be found ‘stored in the dark' and free from all con- 

taminating influences. Cut off from the polluting agencies of surface . 

drainage, from the evils of stagnation, from the living disease germs of 

dying men, and from the suneand air-bred organisms, whose ingestion is fatal, 

the waters of the driven well, pure and cool, are drawn from these exhauste- 

less reservoirs." To all sanitary engineers and sanitarians it is apparent 

that Green in his anxiety to describe the advantages of his driven well has, 

at least slightly, overemphasized tHe purity of the “exhaustless reser- 

voirs." 

Many laboratory experiments and field investigations have been made 

to determine the factors involved in the spread of soil contamination to 

the ground water and from there to wells. The most recent and most note~ 

worthy of these investigations which have come to the author's attention
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are the experiments conducted by Stiles, Crohurst, and Thompson (2) at 

Fort Caswell, N. C. and Wilmington, N. C. Earlier experiments were con- 

ducted by Kligler (3) in several parts of South Carolina, and on Long 

Island by Whipple (8) as recorded in a Report of the Commission on Addi- 
  

tional Water Supply for The City of New York. Other investigators have 
  

experimented with the penetration of various dyes (fluorescein and uranin) 

and chemicals (sodium chloride) through the soil. In general, it has been 

found that various environmental factors are at work to prevent the spread 

of pollution. Stiles and Crohurst (2) from experience gained in their 

studies, enumerate these environmental factors as follows: Hydrogen-ion 

concentration, drying, bacterial competition, protozoan competition, tem- 

perature, food supply, natural death of bacteria, continued capillarity, 

and tropism. It is therefore apparent that the viability of E. typhi, 

Shigella dysenteriae, or E. soli are dependent upon a number of factors. 
  

Many investigators have reported isolation of E. typhi from raw 

sewage in cities having no typhoid outbreaks at the time. Green (12) 

isolated the organism from nine 1 ml. portions out of 55, plated from 9 

samples of Palo Alto, California raw sewage. Green (12) also reports sur- 

vival of E. typhi in raw sewage to the 27th day when stored out of doors 

in the sunlight, and to the 19th day when stored indoors exposed to the 

north light. That sample stored out of doors was at a lower temperature 

than the one stored indoors. 

Kligler (3) in laboratory experiments found that B. typhosus remained 

alive in stools up to about the 10th day, whereas B. dysenteriae, Flexner 

did not survive more than 5 to 8 days, while Shiga type dysentery was not 

isolated after the second day. When similar experiments were conducted
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under dry privy pit conditions, B. typhosus was found to survive from 7 

to 10 days, B. paratyphosus, B up to 15 days, and B. dysenteriae, Flemer 

up to 4 days. ‘the relative sensibility of the Shiga type organism in the 

earlier experiments is confirmed by the experience of Block (9) who found 

difficulty in isolating Shigella dysenteriae from stool cultures of know 
  

cases. The samples had been placed in the usual containers with 30% 

glycerine preservative and sent to the Central Laboratory (Michigan) for 

examination, and a portion of the same samples cultured immediately in 

the field laboratory. Of 10 specimens found to be positive upon immediate 

examination in the field laboratory, not one was found to be positive from 

the preserved stool when they were examined at the Central Laboratory about 

24 hours later. Block (9) states, "From our observation bacteriological 

examination of the fresh feces was necessary within an hour after passage 

for successful isolation of Shigella dysenteriae ***x**," Beard (10) re- 

ports the possibility of storing E. typhi in frozen feces less than 12 

months. In experiments with simulated privy pits near wriniesina Ne Ce, 

Stiles and Pfau (2) were repeatedly able to isolate ©. coli from fecal 

matter in the pits after 9 months; they also isolated E. soli after 9 

months from surface privy feces after having been buried in trenches in 

sandy soil and covered with 6 inches of sandy soil. The excreta layer 

which had originally been 6 inches deep, upon examination was approximately 

2 inches thick and appeared to be very dry and friable and without odor. 

E. coli, however, was positive in 0.00001 gram portions and the total gen- 

eral bacteria count per gram was 1,760,000. Levy and Kayser (11) isolated 

B. typhosus from infected stools kept in a dark pit after 53 months. One 

of two conclusions may well be draw; that E. coli is considerably more
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viable than E. typhosus; or, since Kligler's (3) experiments were somewhat 

academic they did not represent conditions actually found in privy pits. 

evar tapas by Green (12) on the viability of organisms under con- 

ditions simulating the septic tank showed that typhoid organisms survived 

for at least 27 days when 0.0002% of the original number remained. On the 

2nd day 50% of the organisms remained, whereas on the 4th day 2.3% remained, 

and on the 6th day 0.6% remained. These experiments were conducted on the 

mixed scum, supernatant, and sludge. Similar experiments conducted on the 

relatively clear liquor between the scum and sludge showed a slightly 

smaller percentage remaining on corresponding days with only 1 organism 

per ml. on the 24th day and none on the orth day. The original inoce 

alabien showed 70,000,000 E. typhi per ml. Kligler (3) reports that in 

septic fluid the typhoid bacillus may survive for about 8 days, Be dysen- 

teriae, Flexer about 5 days, and the Shiga bacillus an even shorter 

period. His (Kligler's) experiments showed a relationship between pH 

and the saiecivat period of the organisms. He (Kligler) states, “If the 

alkalinity of the fluid is low, in other words if the tank is not ‘ripe’, 

the organisms may survive for a much longer period." Kligler (3) believes 

that the germicidal power of a ripe tank may be due to the alkaline re- 

action and to the bkeses of the antagonistic product of metabolism. 

In one effluent with a pH of 8.38.4, typhoid baccilli were recovered on 

the SOth day. This last is more nearly in line with the experiments of 

Green (12). Other investigators have reported the viability of the typhoid 

organism at various times ranging from 3 to 60 days. It is probable that 

the pH range has considerable effect upon the survival period of this 

organism and since many investigators have not considered this factor their
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results are not comparable. 

The writer has found no report of investigations upon the survival of 

intestinal bacteria in passing through intermittent sand filters but Met- 

calf and Eddy (13) state that the total bacteria reduction is from 98 to 

99 percent. In this connection, experiments made on the penetration of 

bacteria through sandy soils will be discussed later. 

In the experiments conducted by Green (12) on the passage of E. typhi 

through a trickling filter it was found that 99.9 percent of the organisms 

were removed with intermittent operation up to 2.8 m.g.a.d. (million gal- 

lons a day). With constant dosage up to 6.6 mg.aed. from 96 to 99 per=- 

cent were removed while 95 percent reduction was noted with constant op- 

eration at 12 mg.aed. Metcalf and Eddy (13) estimate a probable reduction 

of total bacteria passing through trickling filters of 80 to 90 percent. 

To summarize the above experiments it is seen that typhoid organisms 

are sometimes present in raw sewage and that they may be expected to sur- 

vive there for nearly one month, whereas they may survive in a pit privy 

for more than 5 months. .E. coli, on the other hand, may survive in fecal 

matter either in a pit privy or buried for as long as 9 months. Para- 

typhosis and Flemers dysentery organisms are somewhat less viable and the 

Shiga dysentery organism is very sensitive. In a septic tank E. typhi may 

remain viable for from 3 to 60 days, depending upon the pH; however, a large 

number of the organisms will die before the 6th day. With the usual oper- 

ation of an intermittent sand filter or intermittent trickling filter over 

95% of the typhoid organisms may be expected to be trapped and die in the 

filter. No report of similar experiments on subsurface irrigation fields 

‘has been found.
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Having learned that pathogenic organisms may gain access to the soil 

through the feces or sewage, it is well to investigate the viability of 

these organisms in the soil, the possibility of their mingling with the 

ground water, and the subsequent extent of travel of this pollution in 

the ground water. 

A number of experimenters have investigated the viability of E. typhi 

and BE. coli in various soils. There is no doubt that the moisture content 

of the soil plays an important part in determining the longevity of the 

organism and that the organic content also is a contributory factor. Beard 

(10) reports survival periods of BE. typhi for adobe, adobe peat, loam, 

sand, and peat during a mild rainy season (3.2 inches of rain) as 42, 42, 

more than 49, 7, and 1 days, respectively; whereas during a relatively dry 

season (2.0 inches of rain) the periods were 21, 28, 21, 2, and 1 days. 

During a longer rainy season (10.1 inches of rain) the survival periods for 

the same soil (except that loam sand was subsituted for peat) were 105, 

90, 120, 15, and 60 days, and during a longer dry season (0.7 inches of 

rain) the survival periods were 28, 42, 42, 7, and 14 days, respectively. 

Thus it is shown that with the exception of the peat soil the comparative 

survival rates were directly proportional to the ability of the soil to 

hold moisture. The apparent discrepancy with the peat soil is explained by 

the fact that it showed a pH of 3-4. It was also noted that the longer 

rainy season was accompanied by a survival period almost triple that for the 

shorter rainy season. Kligler (3) noted the same effect of dry soils. 

His experiments on the same organism noted an average survival period of 

somewhere between the 13th and 20th day for dry park soil, the 3lst to 38th 

day for moist soil, and the 38th to 45th day for wet soil. Similar
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experiments with Flexner's dysentery organism produced similar results. 

Stiles (2) after dosing simulated privy pits with can-privy excreta 

which was allowed to remain for 9 to 10 months, removed the excreta and 

found E. coli in the sand below, 24 days later; no subsequent tests were 

made. Kligler (3) investigated the relation of pH to the viability of 

the typhoid and dysentery organisms. He (Kligler) found that when the 

reaction of the soil was favorable to the growth of the organism, the 

reduction in numbers was slow; however, only 10% remained after 30 days. 

With an unfavorable pH the reduction was much more rapid; 90% died in 24 

hours, 99% in 6 days, and nearly all about the 10th dey. Beard (10), on 

the other hand, reported that the pH of ordinary fillable soils did not 

seem to be important. Kligler (3) noted a definite inhibitory effect on 

E. typhi from B. flourescens and to a lesser extent B. proteus while 

Beard (10) noted no antagonistic influence from these organisms. 

In order that these organisms gain access to the ground water it is, 

in many cases, necessary for them to penetrate the soil for varying depths, 

depending upon the depth of the water table. 

In an effort to determine the penetration of bacteria through the 

soil, Kligler (3) made numerous laboratory investigations and field studies. 

In addition, Stiles and others (2) in their field investigations on the 

travel of pollution in underground water, made some observations on the 

penetration of bacteria through soil. 

Kligler (3) in his laboratory experiments found that typhoid and 

dysentery organisms may be carried by water through pervious soil, 15 to 

2 feet deep in about 20 or 25 days. In compact soil Kligler (3) did not 

find bacteria penetrating even 1 foot. However, without the use of water,
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the bacteria did not penetrate even 1 inch either vertically downward or 

laterally. In experiments in the field on pit privies, Kligler (3) found 

no Be. coli at any point above the bottom of the pit, not even at points 

only 1 foot away from the pit wall. He did, however, find the organism 

at points below the bottom of the pit as much as 35 feet, and in some cases, - 

3 feet laterally from the pit wall. Kligler (3) made some other field in- 

vestigations on the travel of pollution from privy pits to wells, but did 

not give sufficient information to draw the conclusion set forth. The 

direction of ground-water flow was not considered, by him (Kligler), end 

sufficient time may not have elapsed to show pollution of the wells. 

Stiles and Pfau (2) found B. coli had penetrated to ground water, 3 feet 

below the bottom of an experimental pit (sandy soil) in 5 months. No 

water other than that contained in the fairly thick night soil was used. 

When flood conditions were simulated in another pit, B. coli was found 60 

inches under the pit 6 days after the original pollution. The original con- 

tamination died out after 5s months. Experiments conducted by Stiles and 

Pfau (2) on travel of pollution laterally from pits are not conclusive, 

because of the rising of the water table and the subsequent travel of the 

organism with the ground water. 

These two investigators, Kligler (3) and Stiles (2), have shown that 

fecal organisms may, in time, travel as much as 3 feet below privy pits 

without the aid of water, while they may be washed to a point 5 feet be- 

low the pit in a relatively short time. Obviously, then, fecal organisms 

from privy, cesspool, or septic tank effluent may be expected to reach the 

ground water when the water table is within a few feet of the surface of 

the ground, It does not, however, appear that there is any appreciable
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lateral travel of these organisms, at least until they do reach the water 

table. 

Extensive experiments have been conducted by Stiles and others (2) on 

the travel of gotiktion in the ground water. These investigations were 

conducted at Fort Caswell, N. C. on sandy soil with a relatively high 

water table, and slowly moving ground water (a few inches per day). Sev- 

eral independent experiments were conducted by dosing trenches with can- 

privy excreta and uranin dye. The progress of the pollution in the ground 

water was followed by the collection of samples from the ground water 

through small test wells, and the collection of soil samples above the 

water table at varying distances from the source of pollution (the trench). 

The presence of E. coli and uranin was noted in these samples. Sufficient 

controls were used, and adequate precautions in collecting specimens and in 

analyzing results were taken, so as to make the reported results sig- 

nificant. 

In one set of wells E. coli was found 232 feet from the trench. This 

contamination was found for the first time 1 year and 9 months after the 

original dosing of the trench. Uranin dye was found a distance of 450 feet 

from the trench, where it first appeared 2 years and 8 months after appli- 

cation to the trench. In addition, it was noted that as the water table fell, 

as a result of dry weather, both the E. coli and the uranin were filtered 
  

out in the capillary fringe, and with the continued lowering of the water 

table along with the capillary fringe, the polluting substances tended to 

filter out into the dry sand where, in the course of time, the organisms 

would die from drying. With the subsequent rising of the water table these 

substances were again caught by the water and tended to float out into the
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upper blanket of the ground water, close to the table. In reporting this, 

Stiles (2) says, "Thus we find a law of nature that the alternation of 

dry and wet weather, dependent in the last analysis upon the amount of rain- 

fall, is a potent (possibly the most potent) factor in the purification of 

drinking (well) water, and were it not for this alternating play in the 

forces of nature a pure drinking (well) water above an impervious layer 

would be rare or nonexistent." Furthermore, it was shown that the pol- 

lution did not travel upstream (referring to the direction of the ground- 

water flow) even 1 foot, and that the zone of contamination became nar- 

rower as it progressed downstream. In this connection, one experiment 

showed that while the original pollution at the trench was 25 feet wide, 

it had contracted (as shown by the presence of uranin dye) to about ai 

Sout at a distance of 329 feet dowmstream from the trench. In addition, 

E. coli was still present in the ground water in several places when last 

examined 2 years and 8 months after the original innoculation. 

It is, therefore, apparent that under conditions which frequently are 

normal, fecal contamination may enter the ground water where it may travel 

at least 232 feet. It is, however, certain that the pollution will travel 

only in the direction of the ground-water flow, and will remain near the 

water table or in the capillary fringe above it. Furthermore, the area of 

pollution will decrease as it proceeds from the source of pollution unless 

some deflecting or spreading influence exists. 

Water Supply 

From the literature reviewed on the subject of soil and ground-water 

pollution, it is apparent that fecal pollution may enter the ground water
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and from there, under certain conditions, find its way into a well or spring 

water supply. It is to be expected that such contamination in a drinking- 

water supply would, at times, result in cases of typhoid fever or dysentery. 

That such a deduction is permissible is apparent from the many water-borne 

epidemics of these diseases which have occurred in the past. As recent as 

1936, thirty-two water-borne outbreaks were reported (14) in the United 

States alone. These outbreaks for that year affected 3953 persons. During 

the period, 1920 to 1936, a total of 412 waterborne outbreaks, affecting 

115,307 persons, occurred in the United States (14) (15). A list of the 

reported (14) (15) causes of these outbreaks is show in Table 1. 

TABLE..1 

Causes of Water-Borne Epidemics, 1920 - 1936 

Point of Pollution Outbreaks Percent 

A. Untreated Surface Water 2 103 25.0 

Be Untreated Ground Water 121 29.4 

C. Contamination of Reservoirs and Cisterns 9 202 

De Inadequate Control Over Water Purification 64 15.5 

Fe Contamination in Distribution System 46 11.2 

Ge Contamination in Collection or Conduit System 19 4,6 

He Miscellaneous 50 12.1 

TOTAL: 412 100.0 

From Table 1, it can be seen thet the greatest number of outbreaks 

reported were due to the use of untreated ground-water supplies. Since 

nearly all schools located in the country may be expected to obtain their 

drinking water from ground-water supplies, we are, therefore, for the pur-
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pose of this thesis, interested mainly in this source of supply. Table 2 

shows the immediate causes of the 121 outbreaks reported (14) (15) from 

untreated ground-water supplies in the period, 1920-36. 

TABLE 2 

  

Immediate Causes of Epidemics From Untreated 
Ground-Water Supplies 1920-1936 

  

No. of Rank With 
Classification Outbreaks All Causes 

1. Surface pollution of shallow wells 52 1 

2- Faulty well casing or construction li 15 

3e Pollution of well from adj. river or lake 2 25 

4. Pollution of well from adj. sewer or 13 12 
sewage tank 

5. Underground pollution of well or spring 
in creviced limestone or fissured rock 15 10 

6. Underground pollution of well or spring= 
source unknown 15 il 

7. Underground pollution of well by surface 
contamination through abandoned well 4 22 

8. Overflow of sewer or flood water into 
top of well casing ‘ o 17 

TOTAL: 121 

Table 2 also shows the rank of each classification under underground- 

water supplies with all 31 classifications given in the reports (14) (15). 

A study of all the classifications showed that “Surface pollution of 

shallow wells" was responsible for more outbreaks than any other classi- 

fication; next was "Cross connection with polluted water supply", followed 

by "Contamination of spring or infiltration gallery by pollution on water-
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shed." 

It is generally conceded (16) that the supplying of drinking water 

to schools by school boards is a governmental function, and that the board 

is, therefore, not liable for injury resulting from its failure to provide 

a safe supply. However, in the case of specific legislation, as is the 

case in Virginia (17), it is probable that responsibility for an impure 

supply could be placed with the school board. In addition, a school sup- 

erintendent knowing of the existence of an unsafe water supply at a school 

under his jurisdiction, and yet making no effort to correct the condition, 

would peaanty; in the event of injury to a pupil, be held personally 

liable through his negligence. The State of I)linois in a circular 

issued by the Superintendent of Public Instrucion (18) says, "The state 

requires every child to attend school. It is a wrong against the child to 

compel him to attend school in a house, the conditions of which are dane 

gerous to his health and safety." Again the circular (18) lists a “Whole- 

some water supply **** "as one of the " *#** conditions that have great 

influence in promoting health *****,"  Wevertheless, a great number of 

rural schools are provided with an unsafe water supply. The Florida State 

Board of Health (19) says, “We find a number of schools where no water 

supply is provided and the children must bring water in open buckets, or 

bottles, of dubious cleanliness, from adjoining homes. Again we find shallow 

wells, improperly protected and open to any pollution that may be de- 

posited on the adjacent ground." Similar conditions doubtlessly exist in 

most of the 48 states. 

Much literature is available describing the construction of ground- 

water supplies, since almost every state distributes one or more bulletins
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on the proper protection and construction of wells. In addition, most 

textbooks on the subject discuss at some length the proper protection of 

ground-water supplies, and many papers have been published on various 

phases of the subject. 

Since no springs, cisterns, or driven wells are aed for school 

- supplies in Prince William County, this discussion will be confined to the 

dug and drilled well. 

Dug Wells 

Dug wells, by their very nature are usually shallow, although Joseph's 

well at Cairo, Egypt is reported (20) to have been dug to a depth of 295 

feet, and the same author (20) reports a well at Monsom, Mass. to have been 

dug 70 feet in diameter. Nevertheless, the usual rural school dug well 

is less than 8 feet in diameter and seldom more than 60 to 70 feet deep. 

Although it may traverse a thin or soft rock strata, it is almost invariably 

dug through clay, sand, loam, gravel, or various mixtures e these materials. 

The hand-bored well is similar to the dug well except that it is seldom more 

than 10 inches in diameter or more than 25 feet deep. | 

The location of the well is very important in view of the previously 

discussed experiments by Stiles (2) and Kligler (3). In their bulletins 

on wells, all states note the importance of locating the well above all 

sources of pollution. However, it is seldom explained that the term 

"above" is used in reference to the direction of the ground-water flow. 

Most of the states recommend a distance of 50 feet above sources of pol- 

lution; however, some specify 75 feet in the case of so-called “seeping 

sources of pollution" which include the leaching cesspool, pit privy, 

et cetera. A few states specify 100 feet, and Ohio (21) requires 300
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feet as the minimum distance from a well to the nearest source of con- 

tamination. The Conference of State Sanitary Engineers (22) recommend 

a minimum of 50 feet if the source of pollution is below the well and 300 

feet if it is above the well. This latter figure is no doubt the result 

of the study by Stiles (2) when pollution was found to travel at least 232 

feet. The question as to whether this figure may be considered to be the 

maximum distance of travel of contamination is a moot one. California (23) 

makes no definite statement but mentions 250 feet as a possible danger area 

and then suggests that the soil, the direction of ground-water flow, and 

other factors be considered in safeguarding a water supply. This <beas'e 

to be the most satisfactory solution to the problem of location. In 

locating a well above sources of pollution the rate of pumping should be 

considered, inasmuch as it may result in a local change in the direction of 

ground-water flow. 

Probably as a result of the conclusions of Kligler (3) -- a pit privy 

may be considered safe if the ground-water table is 10 feet below the sur- 

face of the ground -- a great many states recommend that a dug well be con- 

structed with a watertight casing to a depth of 10 feet. Significant ex- 

ceptions to this requirement are North Carolina (24) and South Carolina (25) 

where only 3 feet are required, and Ohio (21) where 25 feet are required 

for wells at public buildings. This, of course, means that the minimum 

depth for a well in Ohio is 25 feet. California (23) recommends a watere- 

tight lintng to a point several feet below the lowest water table. This 

requirement is probably based on the findings of Stiles (2), that the upper 

layer of the ground water and the area between the highest and lowest water 

table serve as a conduit for the travel of pollution. This recommendation
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in the California bulletin (23) would, with certain types of soil, present 

some difficulties: when the source of water is a thin sand strata below a 

clay strate extending to the ground surface. In this case, a specified 

depth of 10 feet would probably be desirable. 

Regarding the type of casing or lining for a dug well, most states 

specity concrete at least 6 inches thick. Some permit double-brick walls 

laid with cement mortar and plastered. Some other states merely specify 

that the lining shall be watertight, while North Carolina (24) and South 

Carolina (25) permit a lining of rock, pointed with cement mortar. This 

type of lining could not be expected to be watertight, unless great care 

were used in the "pointing up". Some states, notably Illinois (26) appar- 

ently prefer the so-called "buried slab" type of dug-well construction. In 

this type a reinforced concrete slab is precast and lowered into place to 

cover the well about 10 feet below ground level. A standard drilled-well 

casing is fitted into this slab and extended to the ground surface, snd the 

well excavation above the "buried slab" is backfilled and tamped. The well 

is then finished as a drilled well. This type is not practical where there 

is a possibility of the well filling in with sand, since it precludes clean- 

ing. 

In the finishing of the top of the well, most states require a con- 

crete top or platform. Some specify a platform 4 feet square, some 6 feet 

square. Other states such as North Carolina (24), South Carolina (25), 

detrcie (27), and Illinois (26) specify a slab that extends various distances 

beyond the well lining. North Carolina (24) and South Carolina (25) specify 

and extension of 2 feet which, in Sos eae of a well 5 feet in diameter, 

would require a slab 9 feet square. Requirements for thickness of slab



27 

vary, but most states specify that the slab shall be of sufficient thick- 

ness to withstand the loads to which it is to be subjected. Nearly all 

states specify that the pump shall be set on the slab so as to prevent 

water from draining back into the well. In every case, it is recommended 

that a sleeve be placed in the slab and extended above the concrete into 

the pump base. Many states make no mention of the need of a manhole, but 

those that do specify that the sides of the manhole shall be extended 

several inches above the platform. Some specify that this cover be fitted 

so as to be locked. 

There is little difference of opinion among the various states regard- 

ing the type of hand pump to be used. Nearly all specify a force pump with 

a solid base. No special type of motor-driven pump is recommended except 

that it be installed so as to prevent water draining back into the well. 

Drilled Wells | 

Drilled wells are usually constructed in place of dug or bored wells 

where it is necessary to penetrate rock to obtain sufficient water. They 

are usually about 6 inches in diameter and vary in depth from about 40 

feet to many hundred feet. The casing is almost always constructed of 

wrought iron, except in the case of older wells when terra-cotta pipe was 

sometimes used. 

The location requirements of the drilled well are the same as for the 

dug well previously discussed. The casing requirements in all stetes call 

for iron with screwed joints so as to be watertight. Many states do not 

make any specific requirements for the depth of casing; others state that 

the casing shall extend to solid rock, while Kansas (28) specifies that the
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casing shall extend 2 feet into solid rock. On the other hand, Ohio (21) 

specifies a depth of 25 feet below ground level, while the Conference of 

State Sanitary Engineers (22) specifies that the casing shall extend 10 

feet below the water table. 

While some states do not mention any method of sealing the casing into 

the rock, many recommend some type of watertight seal. In addition, many 

states recommend that the annular space between the casing and the earth 

wall be filled with cement grout. Some states, however, permit a backfill 

of puddled clay, while Alabama (29) permits sand as a backfill, The method 

suggested in the various bulletins for making the cement-grout backfill vary, 

but many specify that it shall be forced up from the bottom. In this pro- 

cedure, drilling is stopped when a point to which the casing is to be ex- 

tended is reached. The drill hole is then partly filled with grout and the 

casing inserted; pressure applied from the top, either by water or air, 

forces the grout up the outside. This pressure is mainteined until the 

grout has set sufficiently. Drilling is then resumed as before. 

The type of hand pump and the method of installing is the same for a 

drilled well as for a dug well, When a motoredriven pump is used it is 

frequently desirable to have an underground discharge. While a few states 

do not recommend the use of a pit, others specify that if a pit is used it 

must be provided with a gravity drain, and the floor and walls be constructed 

of a watertight monolithic concrete. This requirement in regard to the floor 

and walls is probably unnecessary since a suitable drain would carry off any 

sespage water. The annular space between the inside of the casing and the 

drop pipe must be sealed so as to prevent the entrance of water, dust, or 

dirt. Some states, for example, Oklahoma (30) and Connecticut (31) recommend
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the use of a so-called “sanitary well cap" which the writer has found to 

be very satisfactory. This cap is usually constructed in two halves so as 

to permit insertion and removal without removing the drop pips. Each half 

is made of semicircular cast-iron plates with a thick (about $ inch) rubber 

gasket between. The bottom plate fits inside the casing and around the drop 

pipe, filling up the space. The top plate also fits in the annular space 

and has a flange on its top surface which extends beyond and rests on the 

top of the casing. Two bolts on each half, extend through both plates and 

the rubber gasket between. When both halves are in place, the four bolts 

are tightened, thus forcing the rubber gasket against the inside of the 

casing and against the outside of the drop pipe, also against the rubber of 

the other half, thus making a watertight joint. To provide for entrance of 

air down the well, the fitting has a 3/8 inch air vent which may be fitted 

with a return elbow to prevent entrance of dirt. Minnesota (32) recommends 

that the underground discharge be made up with flanges, a tee or special 

casting, and bushings. This method of making the connection eliminates the 

use of a pit. 

It is essential that sufficient precautions be taken in constructing a 

well so that no contaminated water can gain access thereto. I+t would seem 

that from a review of the literature, there is much difference of opinion as 

to what constitutes sufficient precaution. Some of this difference of opin- 

ion may be justified in view of the different conditions existing in the 

various states; however, it is probable that much of the variation represents 

the personal opinions of those responsible for the writing of the bulletins. 

It . of course, true that most of these bulletins are published for the use 

of people constructing a well for their own home, and that it is difficult
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to make requirements to fit every condition. Furthermore, few people 

realize the real importance of safeguarding their water supply. Merckel 

(33) reports that " *#** the Wisconsin State Board of Health estimates 

that there are 300,000 private wells in that state alone." He (Merckel) 

further states that " *#** 65% of the 11,000 public water supplies in the 

United States are obtained from wells or springs." Considering the number 

of wells existing in the United States and the divers conditions under 

which they exist, there is little wonder that there is difference of 

opinion on what constitutes proper construction. Similar conditions 

exist in oil-well drilling. Merckel (33) reports W. H. Jeffery (34) as 

stating "Each oil field has its own peculiar requirements of casing. In 

the more than 100 oil fields of the United States there are as many dif 

ferent combinations of sizes and length of string." Jeffery (34) is fur- 

ther reported as saying "More attention has been given to the problem of 

casing of wells and to the conservation of oil and gas by correct well 

engineering methods by engineers and the U. S. Bureau of Mines and more 

has been written on these subjects than any other phase of well drilling 

technology." As Merckel (33) says "This statement is of considerable in- 

terest. eritiing for, and producing oil is a commercial proposition -= 

a loss in production cannot be tolerated. #*#** If the shutting off of 

water in oil wells, where casing is used from the ground to the bottom of 

the well, is a difficult matter, how much more is this the case in water 

well drilling where a fully cased well is the exception rather than the rule." 

Sewage Disposal 

Apparently the first purpose of sewage disposal was to prevent a 

nuisance. Little, if any, thought was given to the spread of disease
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through sewage, at least until the latter part of the nineteenth century. 

Even then probably more attention was given to the protection from the 

“foul and poisonous" gases eminating from fhe decomposing sewage than to 

the actual purification. Bayles (35), in 1877, describes a cesspool vent 

which removes all the "hurtful impurities in the gaseous exhalations from 

the cesspool” as follows; 

“My owm plan in venting cesspools near houses, has been 
to cover the top with a flagstone, in which a hole is 
cut about 10 inches square. Into this I set a wooden 
box or chimmey about 6 feet high, with a door in one 
side, which, when opened, discloses a series of alter- 
nating shelves extending half way across the chimney ** 

***, Upon the shelves charcoal is placed, the door is 
shut and fastened with a hook, and the arrangements 

are complete." 

More than twenty years later we find the same considerations in deter- 

mining the methods of school sewage disposal. Burrage (66) in a lengthy 

~ but interesting statement says: 

“If there is no sewerage system, and the question of a 
cesspool arises, it is well to know that the cesspool is one 
of the greatest sanitary evils. It has been styled 'the 
king of nuisances', no system of closets must be considered 
for a moment that cannot be connected with a city sewerage 
system. The cesspool forms a manufactory for poisonous gases 
and is more dangerous in this respect than the badly con- 

structed sewer. The soil around the cesspool tends to become 
saturated with filth, and the children using the school yard 
for a playground would be in constant danger from the effluvia 
arising from it. 

“Tf the school is located where there is no sewerage 
system, the problem is by no means so easily settled. In the 
rural section it is utterly impossible to utilize the water 
system, and therefore the country school has to be given one 
of the so-called less civilized systems of sewerage disposal. 
It cannot have the water closet with the cesspool, thus it is 
obliged to resort to some of the usual methods employed in 
rural dwellings, or else to use what is called the dry closet 
system, which is the most sanitary, although the more expensive
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way of getting rid of the wastes. *#** If for any 
reason this dry closet system cannot be adopted the 
country school is left almost nothing to choose from." 
(The writer feels that contemporary engineers must have 
confronted some rather preplexing situations.) 

During this time, however, experiments on an intermittent sand 

filter installed at Lawrence (Mass.) Experimental station (36) were under 

way, and by 1916 opinions on the danger from.the effluvia seemed to have 

changed. Clark (67) said, "The desirability of locating sewered toilets 

in the basement or on classroom floors formerly received considerable 

attention. It is now known that the volatile emanations from sewers and 

toilets do not carry bacteria, thus removing the most serious objection 

which could be raised against the practice of placing them on the same 

floor with classrooms." From then until the present time many improvements 

in sewage-treatment processes have been developed as a result of investi- 

gation and experiment. In the following discussion, remarks, for the most 

part, will be confined to those processes applicable to school sewage treat- 

ment and disposal. 

Opinions of various authorities differ as to thequantity of sewage to 

be expected from schools. Most state bulletins on school sewage disposal 

differentiate between those schools with shower facilities and those with- 

out. Virginia (37) uses an estimated per capita flow of 10 gallons per 

day for schools without showers and double that amount for schools with 

shower facilities. New York (38) uses 15 gallons for schools without 

showers and 20 gallons where showers are used, while Arkansas (39) uses 

as a basis, 15 gallons and 30 gallons respectively. Florida (40) on the 

other hand, specifies 8 gallons per pupil per day regardless of the 

facilities, while Hardenbergh (41) specifies from 20 to 30 gallons for
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day schools without regard to the facilities. In the case of boarding 

schools, New York (38) assumes a flow of 75 gallons per pupil per day, 

while Hardenbergh (41) uses 100 gallons as a basis of design, and South 

Carolina (42) recommends a daily per capita flow of 30 gallons. This 

difference of opinion is quite confusing when it is considered that an 

estimate of the sewage flow is generally used as a basis for design of 

the entire disposal plant. It is probable, however, that the lower figures 

are more in line with the actual flow to be expected than are the higher 

figures, and barring unusual local conditions will serve as an adequate 

and economical basis of design. 

Primary-Treatment Methods 

Septic Tank 
  

The septic tank is used both as a settling tank and as a digesting 

tenk. The increased cross-sectional area of the tank over the sewer line 

reduces the velocity and permits the solid matter to settle to the bottom 

while the liquid passes through the tank to the secondary treatment 

process. Sufficient volume must be provided for the storage of sludge, 

in addition to the volume necessary to permit the settling of solids. The 

sludge digestive process which takes place under anerobic conditions, turns 

some of the sludge to gas and some to liquid. The gas passes off through 

a vent and the liquid leaves the tank with the effluent -- some of the 

remaining sludge in the form of black flakes or floc also mixes with the 

effluent. ‘the result of this digestion is a reduction of sludge volume 

of from 50 to 75 percent. Much of the remaining sludge will rise, under 

the buoyancy of the gas produced, to form a scum on top of the liquid. 

From time to time (probably three to five years) the tank mst be pumped
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out or drained, and the sludge and scum either buried or dried on beds. 

The greatest advantage of the septic tank is ease of operation. 

Very little attention is needed, other than emptying of the sludge as 

previously mentioned, so that operation costs are nil. As a result the 

tank oan be constructed under ground and covered, making it especially 

adaptable to private installations and small schools and institutions, 

os where space for an open tank is not available. The principal dis- 

advantage to the septic tank is that the sludge decomposition takes place 

in the same compartment with the nonsettleable solids, thus producing a 

partially decomposed effluent which may create a nuisance. Thus, it is 

usually necessary to dispose of the effluent beneath the surface of the 

ground. Furthermore, other types of tanks prove more economical and 

practicable for large quantities of sewage. 

Very little literature recording experiments with the design of 

septic tanks has come to the attention of the writer. Lehmann and others 

(43) experimented with the design of farm septic tanks intended for the 

use of not more than 15 persons. While the quantity of sewage involved in 

tanks of this size would not approach that to be expected from schools, the 

conclusions of these studies will be discussed briefly. 

After measurements of sewage flow from farm homes they (Lehmann et al) 

concluded that a daily per capita flow of 25 gallons sisal d be expected 

where not more than 7 people are involved. This figure decreases as the 

people per home increase until a daily per capita flow of 18 gallons is 

recommended where not more than 15 people are involved. It should be 

noted that these figures are small as compared with those recommended for 

homes by most authorities, and that they are within the limit of those
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figures recommended for day schools by some authorities. Since it should 

be expected that the per capita flow frem homes would be considerably 

higher than that from day schools, it may be inferred that the recommenda- 

tion of Lehmann and others (43) are too low or that other authorities 

estimate day-school flows too high. As pointed out before, this has con- 

siderable influence upon septic-tank design. 

These studies of Lehmann and others (43) show that an effective re«- 

tention period of 48 hours, plus additional capacity for Sludge storage 

of 50 percent of this amount, or a total capacity of 72 hours sewage flow 

should be used for a single-chamber tank. In addition, it was shown that 

a two-chamber tank with the first chamber the same size as the Single- 

chamber tank, plus additional retention period of 36 hours in the second 

chamber, or a total of 108 hour retention makes a more efficient tank. 

This is in contrast to the recommendations of various states which, for the 

most part, recommend a 24 hour retention period. New York (38) requires a 

24 hour retention for schools with less than 100 pupils and 12 hour ree 

tention for schools with over 200 pupils. It is apparent, therefore, that 

while many states are in agreement on a retention period, their disagree=- 

ment on an expected daily flow would result in a wide variation in actual 

sizes of tanks to be used. Where the school in question exists and the 

sewage flow can be measured, this difficulty could be overcome; however, 

the apparent discrepancy between the retention period recommended by the 

various states and that recommended by Lehmann and others (43), as a result 

of their experiments, still exists. 

Much more uniformity exists in regard to the shape of the tank. Nearly 

all authorities recommend a rectangular tank with the length between two
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and three times the width. The type of inlet and outlet recommended 

varies to some extent although most authorities recommend either a tee 

or a baffle. The depth of tees or baffles, varies with the different 

states; some recommend 6 inches under the water line, some 12 inches, 

and others 18 inches. Most states do not recommend an intermediate 

baffle, although Kansas (44) requires a sloped baffle, and Alabama (45) 

and South Carolina (42) require what might be classed as a two-chamber 

tank with a small opening in the partition extending entirely across the 

tank. Recommended air space above the liquid varies from Allison (46) 

who specifies 6 inches, to states such as Connecticut (47) and Arkansas 

(39) which require 18 inches. 

Imhoff Tank 

    

The purpose of the Imhoff tank is the same as the septic tank, i.¢., 

permit the settling of the solid matter in the sewage and the subsequent 

digestion of the sludge. There is, however, one important difference in 

the two types of settling tanks. The Imhoff tank is a two-story tank -- 

the sedimentation chamber is separated from the sludge digestion compart- 

ment. As a result, the settling solids are not disturbed by rising gas, 

and digestion does not take place in the presence of the nonsettleable 

solids. More rapid settling produces a clearer and less septic effluent, 

which is more easily oxidized by secondary treatment. 

The only disadvantage of the Imhoff tank over the septic tank is the 

frequent attention it requires, resulting in a slight operation cost; 

however, it is more practical than a septic tank for plants treating larger 

quantities of sewage. There are, of course, installations where either a 

large septic tank or small Imhoff tank would be practical; in these cases,
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local conditions should govern the engineer in design. 

The design of an Imhoff tank is somewhat more difficult than the 

design of a plain settling tank (septic tank). In addition to the deter- 

mination of detention period and sludge storage capacity, the slopes on 

the sedimentation channel walls must be sufficient to permit easy set- 

tling, slot openings must allow easy passage of sludge, and slot overhang 

must prevent gas from entering the sedimentation chamber. Furthermore, 

adequate gas-vent area and sufficient scum volume must be provided to 

prevent scum from backing up into the sedimentation chamber. The total 

depth of the tank is also important since it seems to have some bearing 

on the quality of the sludge. 

Frank and Rhynus (48) in 1919 made some experiments near Washington, 

D. C. with small Imhoff tanks handling around 2000 gallons per day. No 

other experiments have come to the attention of the writer; however, many 

states discuss the design of this tank in their bulletins on sewage dis- 

posal. These authorities seem to be in more general agreement on Imhoff- 

tank design than on septic-tank design. 

The size of the settling chamber is determined by the detention period 

which most authorities recommend to be between 2 and 3 hours. However, 

for institutional installations, New York (38) and Hardenbergh (41) re- 

commend a 4-hour retention, while Frank and Rhynus (48) recommend a 4,5- 

hour detention period. Both New York (38) and Hardenbergh (41) recommend 

a 4@hour detention for institutional das biditets one because it is felt that 

small tanks should provide double the detention period of larger tanks. 

Frank and Rhynus (48) also feel that a small tank should be provided with 

a larger sedimentation chamber because of the fluctuating flow which may
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be expected in small installations. Care should be exercised in the 

application of this theory, since to provide too long a retention period 

may, during times of low flow, produce a septic condition with consequent 

difficulty in stabilizing the effluent. However, the experiments of 

Frank and Rhynus (48) indicate that " **#* septic action will probably 

not occur in the settling chamber of small Imhoff tanks until the de- 

tention period reaches 15 hours or more." They (Frank and Rhynus) also 

feel that the minimum size of settling chamber should be 8 cubic feet. 

The slope of the sedimentation-chamber walls is generally felt to be 

sufficient if it is 1.5 or 1.25 vertical to 1 horizontal. The need for 

steep slopes on small tanks is obviously of less importance than on large 

tanks, since it is easier to squeegee the walls of the small tanks and thus 

prevent accumulation of sludge and consequent gassing, which interféres 

with sedimentation. The minimum slot overlap in an Imhoff tank is usually 

specified as 6 to 8 inches, although Mimmesota (49) permits 4 inches, while 

Frank and Rhynus (48) feel that 2 inches is sufficient. Using an overlap 

as small as 2 inches would, no doubt, necessitate extreme care in con- 

struction to prevent gas from entering the sedimentation chamber. The 

slot opening itself is usually required to be from 6 to 8 inches. 

The sludge compartment is that part of the tank below the slots where 

sludge is stored and digested. In calculating the sludge storage space 

the maximum height of the sludge level.is usually considered to be a point 

18 inches below the slot. Minnesota (49) specifies 12 inches while Illinois 

(50) computes the volume from " *#**# the uppermost point at which the full 

overlap at the slot is effective." Regardless, the sludge should never be 

permitted to rise to a point where gassing will disturb the liquid in the
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sedimentation compartment. The recommended capacity of the Sludge compart- 

ment is, of course, dependent upon the contributory population. Some re- 

ferences recommend an allowance of 3 cubic feet per person, others 3.5 

cubic feet per person, and still others 4 cubic feet per person. None of 

these references, however, specify the volume per day-school pupil. Min- 

nesota (49), on the other hand, specifies 0.6 cubic feet per pupil. This 

@ifure is about one-fifth the preceeding ships katt ack figures, and its adequa- 

cy is questionable, although Minnesota (49) states that it is sufficient for 

& one-year accumulation. 

The slopes of the asans of the sludge chamber should be steep enough to 

permit the sludge to slide down readily while it is being dram off. This 

aids in sliabiertsn's the formation of a cone with the subsequent drawing off 

of green sludge from the top. These slopes are considered adequate if they 

are the same as those recommended for the settling-chamber walls. This is, 

however, dependent to some extent upon construction features and economy. 

The sludge pipes used for drawing off sludge mst be of adequate size to pre- 

vent stoppages. While most authorities recommend an 8-inch pipe, Minnesota (49) 

considers a Geinch pipe satisfactory. In ,ddition to the size of the pipe, 

the head of the outlet must be ample to start the flow. Most of the author- 

ities recommend a minimum head on the sludge outlet pipe of 4 feet. 

‘Prevention of foaming in the gas vents may be aided by adequate-sized 

vents. Most authoritiss specify that the gas vents shall be at least 20% of 

the tank area; however, Hardenbergh (41) specifies 30%, while Frank and 

Rhynus (48) consider 0.33 square feet per capita to be adequate. Few refer- 

ences contain specifications for the volume of the scum compartment. Frank 

and Rhynus (48), however, consider 2.5 cubic feet per capita as a satis- 

factory minimun.
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Secondary=Treatment liethods 

Subsurface Irrigation 
  

In favorable soils subsurface irrigation is usually used with a septic 

tank as a method of secondary treatment of the liquid effluent. This type 

of treatment is especially adaptable for use with septicetank effluents 

since it controls odor by keeping the liquid below the surface of the ground 

and, in addition, requires almost no attention. Since all of the liquid 

mast be absorbed by the soil, it is not satisfactory for use where large 

flows are expected or where the soil is tight. Purification of the liquid 

is presumably by oxidation and reduction as a result of action of aerobic 

organisms. Disposal, as previously stated, is by percolation into the soil. 

The writer has found no report of experimentation on the degree of purifi- 

cation of liquid by subsurface irrigation. From observation, however, it 

is thought probable that this method of treatment frequently results in 

disposal with little purification, rather than purification with subsequent 

disposal. Design of a subsurface field is frequently based upon the exper- 

ience of the designer, with little thought for anything other than instal- 

lation of a system which will prevent appearance of the liquid onto the 

surface of the ground, or prevent the grosser forms of contamination of a 

water supply. Success of the installation is invariably measured by 

successful disposal. This attitude is the result of necessity, since 

practical and political considerations usually necessitate prompt and cheap 

disposal of all sewage from schools. Among the factors to be considered in 

the design and construction of a subsurface-irrigation field are; area of 

percolation field, method of laying tile, amount and type of ballast, 

spacing of trenches, and type of distribution to be used.
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The area of the field is, of course, dependent upon the quantity of 

sewage expected. Some authorities consider the percolation test of the 

soil a practical method for determining the area to be provided, while 

others specify the area per person based upon tables. The width of trench 

used and amount of ballast under and over the tile have a considerable re- 

lation to the length of tile to be used for a given school. Connecticut 

(47) includes the side area of the trench (depth of ballast times length 

times 2) in addition to the bottom area (width times length) in calculating 

length of trench required. New York (38) and Arkansas (39) consider only 

the superficial bottom area in determining the quantity of tile. In addition 

to this difference in design Connecticut (47) requires for sandy or porous 

soil 3.5 square feet per pupil, while Arkansas (39) requires 10.0 square 

feet per pupil, and New York (38) 3.75 square feet per pupil. For the 

purpose of comparison, assume a school with 300 pupils, without showers, 

the trenches to be constructed 18 inches wide and tile laid in 12 inches of 

ballast; then the total length of tile required in accordance with bulle-e 

tins of New York (38), Connecticut (47), and Arkansas (39) for sandy or 

porous soil are; New York - 750 feet; Connecticut - 300 feet; Arkansas = 

2000 feet. For the same condition and assuming a tighter soil (clay with 

some sand) the following lengths of tile are required: New York - 5000 feet; 

Connecticut - 2400 feet; and Arkansas ~ 6000 feet. There is even more dife 

ference in the length of tile required in those states which calculate the 

quantity on a linear footage rather than on a square footage. _ Florida’ (40) 

requires 975 feet for a 300=pupil school with trenches 12 inches wide, while 

Alabama (45) permits only 54 pupils to use 975 feet of trench 15 inches wide 

in sandy soil.
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Trench widths recommended vary from 12 inches in states such as 

Connecticut (47), West Virginia (51), and Florida (40) to 2 feet in 

states such as Kansas (44) and Virginia (37); while New York (38) recom- 

mends widths not less than 12 inches and not more than 3 feet. States 

such as New York (38), Arkansas (39), and Connecticut (47) where length 

of tile needed is determined by the square footage of seepage area, per- 

mit shorter lengths where wider trenches are used. On the other hand, 

those states determining quantity of tile by linear footage, for the most 

part, permit no reduction for wider trenches. 

The type of ballast recommended by the various states is, for the most 

part, more uniform, being broken or crushed stone, gravel, or cinders. How- 

ever, several states apparently permit only gravel, white Florida (40) per- 

mits the use of oyster shells. For the most part, it is recommended that 

finer ballast be used on top of the tile to prevent entrance of dirt or 

clay. There is also great variation in the amount of ballast recomnended 

to be used under and over the tile. | The amount under the tile varies, 

from Connecticut (47) which specifies about 15 inches to South Carolina 

(42) which specifies from 7 to 13 inches. The amount to be used over the 

tile varies from zero in states like Alabama (45) and Arkansas (39) to 6 

inches in South Carolina (42). Nearly all states recommend the wie of tar- 

paper collars over the joints, while some few, such as Connecticut (47), 

specify a layer of straw or hay between the ballast and the soil backfill. 

The depth from the ground surface to the top of the tile, as recommended by 

the different states, varies from 7 inches in Alabama (45) to a minimum of 

18 inches in Arkansas (39). These figures, however, are extremes, since 

most states recommend an average depth of 12 to 13 inches.
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The grade to which the tile shall be laid: varies from a fall of 6 

inches per 100 feet, the minimum permitted in Arkansas (39), to a fall 

of only 2 inches per 100 feet, the maximum allowed in Oklahoma (52). 

By far the greater number of states, however, specify a fall of from 2 to 

4 inches per 100 feet as being desirable. The distance between parallel 

lines is usually recommended to be between 6 and 8 feet, although New 

York (38) permits as little as 4 feet, while Oklahoma (52) requires 10 

feet. The maximum length of individual lines recommended by most states 

is 100 feet, although Arkansas (39) permits 125 feet, while the Resettle- 

ment Administration (53) permitted lines 150 feet long. 

In the above discussions of the amount and type of ballast, the fall 

in the lines, and the maximum lengths of the individual lines, no mention 

was made of the method of dosing. This, of course, has some bearing on the 

various factors discussed and upon the operation of the field. Most states 

recommend the use of a syphon with septic tanks over 1000 gallons. This, 

of course, would include all school septic-tank. systems. The size of the 

syphon is determined by the size of the field and quantity of liquid to be 

dosed at each operation. A 4 or 5 inch syphon is usually considered suf- 

ficient for school systems. Most states specify the quantity of liquid to 

be discharged as that equal to 50% to 75% of the volume of the tile in the 

field. 

The type of field or layout recommended has considerable effect upon 

the dosing of the lines. Many states, such as Connecticut (47), recommend 

a diversion box for use with the tile field. In this system the field is 

divided into two parts, both joined by a line entering the diversion box. 

By plugging one line, only one part of the field is used. By alternating
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monthly, each part will be permitted to rest 50 percent of the time. Some 

other states, such as Alabama (45), New York (38), Connecticut (47), and 

South Carolina (42) permit the old-type layout; i.e., a header with tee 

branches, a straight line with wye branches, or variations of these. Still 

other states, notably Virginia (37) and Kansas (44) recommend the use of a 

distributing box. In this type system, each line leaves the distributing 

box individually, thus -- assuming each outlet to be level -- permitting an 

even dosage to each line. This method is especially advantageous when a 

syphon is not used. In order to provide ventilation to the field, Alabama 

(45) and others turn the end of each line upward, extend it through the sur- 

face of the ground, and place a vent cap over the open end. On the other 

hand, some authorities state that such ventilation is unnecessary. 

From this review of literature on the design of the subsurface~irriga- 

tion system, it can be seen that there is much difference of opinion. Many 

of these differences are of little consequence; but lack of agreement on 

such important factors of design as the required seepage area for various 

soils is necessarily disconcerting to the designer. 

Sand-Filter Trench 
  

The sandefilter trench, as the name implies, is a trench filled with 

sand of sufficient depth to act as a filter to the liquid effluent. Its 

action is very similar to the subsurface-irrigation jyeten, in that puri- 

fication is intended to be by oxidation and reduction of the organic ma- 

terials by aerobic organisms. It is, therefore, more or less a subsurface- 

irrigation system with a prepared seepase material (sand). The sand bed, 

which may vary in depth from 10 inches to 3 feet, is underdrained by tile 

laid in gravel from 6 to 9 inches deep. The liquid is distributed over the
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top of the sand through tile laid in from 6 to 12 inches of gravel, and the 

trench then covered with earth. The collector tile lines from the various 

trenches are joined together and drain into a small stream or ditch. The ef-~ 

fluent, of course, is not entirely free of bacteria, and may not be completely 

stable. Furthermore, in time, the sand will become clogged and require relay- 

ing. In order to prevent clogging at the upper end, the field is dosed by 

siphon. Usual practice is to provide a siphon chamber of sufficient size to 

fill the tile distributor lines nearly full. 

The length of filter trench necessary is dependent to a large extent up= 

on its width. Arkansas (39) and Iowa (54) specify a 24 inch trench, while the 

Resettlement Administration (53) specified a trench 4 feet wide at the top and 

3 feet wide at the bottom. Reduced to a basis of gallons per square foot of 

filter trench per day, we find that Iowa (54) permits a daily rate of 2.5 gal- 

lons per square foot, while New York (55) recommends a daily rate of 1.15 gal- 

lons per square foot. Oregon (56), Oklahoma (52), and Arkansas (39) recom- 

mend a rate of 2 gallons per square foot per day. 

The required depth of sand in various states ranges from 10 inches in 

Iowa (54) to 3 feet in South Carolina (42). It is probable that a depth of 

24 to 30 inches would prove most efficient. Most authorities recommend that 

the trenches be spaced from 6 to 10 feet apart, although the Resettlement Ad- 

ministration (53) specified a spacing of 15 to 20 feet. In addition, many states 

recommend that e vent be placed at the end of each line to facilitate filtering 

and, at the same time, to provide ventilation for the oxidation process. 

West Virginia (51) and Alabama (45) describe a type of filter trench us- 

ing crushed rock in place of sand. They recommend a trench width of 15 inches 

with a depth of 10 inches (Alabama), or 12 to 24 inches (West Vire-
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ginia). In this type of filter trench, the underdrainage tile is laid only 

in the last 25 feet of the trench. Both states recommend dosing at the rate 

of 5 gallons per square foot per day. 

Depth to the top of the distributor tile, fall in the lines, and sim- 

ilar factors are usually based on the requirements of the subsurfaceeirri- 

gation field. 

Intermittent Sand Filter 
  

The intermittent sand-filter system, as used in school sewage=-disposal 

plants, may be of two types: subsurface or open. Construction of the sub- 

surface filter is similar to the sand-filter trench previously discussed, 

with the exception that it is constructed in the form of a filter bed in- 

stead of a trench. Several lines of distributor tile are laid parallel in 

gravel on top of a bed of sand. The sand filter is underdrained by collector 

tile similar to the filter trench. The bed is then covered with several 

inches of earth. 

The open intermittent sand filter is constructed similarly to the sub- 

surface bed except that the bed is not covered with earth and no distributor 

tile lines are necessary. The bed is dosed from one corner or from the 

center by a single outlet (Figure 3). Larger beds, at large institutions 

or municipalities, are frequently dosed simultaneously at several points to 

permit quick and complete covering of the bed. The advantages of the open 

bed over the subsurface system are apparent. Maintenance is much easier; a 

clogged bed may be scraped to clean it without digging up the earth. In 

addition, ventilation is no problem in the open bed, whereas most authorities 

feel that vents ars essential in the ends of the distributor tile lines in
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the subsurface beds. While some reports of experiments on the operation 

of open beds have been found by the writer, apparently no information is 

available on the operation of the subsurface type of filter. It is gen- 

erally agreed that (21) " #s** intermittent sand filters provide the high- 

est degree of treatment of any of the secondary treatment devices." 

Most authorities recommend the use of at least two beds, dosed alter- 

nately by alternating siphons, thus permitting longer resting periods be- 

tween doses. Messer (57), however, has recommended the use of three beds 

for the open filter in order to permit one to remain out of service at all 

times. In this arrangement, each siphon can be seeioised to dose onto either 

of two beds, thus»one bed may be dosed by either or. both siphons while the 

other two beds may be dosed only by their respective siphons. Construction 

of a more complicated diversion box permitting either siphon to dose onto 

any one of the three beds would provide a more flexible plant. The advan- 

tage to be obtained from this latter arrangement is doubtful. 

The area of sand filter required depends upon two factors -= the cone 

tributory population and the quantity of sewage to be filtered. Most au- 

thorities use the quantity of sewage to be expected as a basis of design; 

however, it is contended by some that the contributory population alone 

should be the basis of design. These authorities contend that the organic 

content of the settling-tank effluent, rather than the quantity of liquid, 

will determine the efficient rate of filtration. Inasmuch as the function 

of the filter is to act upon the organic constituents of the sewage, this 

argument seems to have merit, since it is apparent that the contributory 

population.would more nearly determine the organic content of the sewage. 

This theory is apparently substantiated by experiments of Frank and Rhynus
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(48) in which they found that a filtration rate of 100,000 gallons per 

acre per day of comparatively weak sewage (100 gallons per person per day) 

through an experimental open sand filter, produced a clear, stable efflu- 

ent with little-attention needed on the filter bed. On the other hand, the 

same filtration rate with strong sewage (20 gallons per person per day) pro- 

duced a very unsatisfactory effluent; in fact, one half of this rate (50,000 

gallons per acre per day) did not produce an entirely satisfactory effluent. 

The authors (Frank and Rhynus) recommend a rate of 30,000 gallons per acre 

per day with a sewage flow at the rate of 20 gallons per person per day. 

They (Frank and Rhynus) do not reduce this to a basis of contributory pop- 

ulation per acre of filter; however, the reduction is eiuple and we find 

the results interesting. 

Table 3 

Filtration Rates for Intermittent Sand Filters 

  

  

  

Rate of Filtration | Strength of Sewage Contributory Condition 
Population of Effluent. 

gal./ acre/ day gal./ person/ day persons/acre 

185 ,000 100 1850 Unsatisfactory 

100,000 100 1000 Satisfactory 

100,000 20 5000 Unsatisfactory 

50,000 20 2500 Partial purification 

30,000* 20 1500 Recommended       
  

*Frank and Rhynus (48) did not run experiments at this rate, but in the light 
of their other experiments recommend it as a basis of design for the strength 
of sewage shown. 

Unfortunately no results were obtained for the weaker sewage at a fil- 

tration rate representing a contributory population of 1500 persons per acre. 

It is possible that this rate would also have given a satisfactory effluent. 
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Nevertheless, it is apparent that the contributory population more nearly 

represents a criterion for design. Illinois (50) specifies a maximum load- 

ing for open intermittent sand filters of 1500 persons per acre of filter 

area. On the other hand, Kansas (44) considers 87,000 gallons per acre per 

day as the maximum desirable rate of filtration, and Connecticut (47) per- 

mits 100,000 gallons per acre per day. New York (38) recommends a rate of 

filtration for open beds between 75,000 and “100,000 gallons per acre per 

day, but specifies that a rate of from 50 to 75 percent of the above be 

used for institutional and private systems. Ohio (21), on.the other hand, 

recommends for schools, a rate of 100,000 gallons per acre per day, or 3.25 

square feet per pupil which is equal to 15,400 pupils per acre. Assuming 

3 day students equal to one resident, the filter load would be at the rate 

of 4500 persons per acre. This would appear to be rather high in view of 

the experiments of Frank and Rhynus (48). There is, of course, no basis for 

assuming the organic content of sewage from day schools to be one-third thet 

from residences, although this is common practice. The rate for subsurface 

filters is usually taken as one-half that for the open filter since they are 

not as easily ventilated and require considerable labor to clean in the 

event they become clogged. 

The dosing tank for open filters is usually made large enough to permit 

@ dosing of the bed with from 1 to 4 inches of liquid at each operation. 

In actual practice a depth of from 25 inches to 3 inches is used. Frank and 

uinn (48), however, recommend a depth of 1 inch, but this is impractical 

since the sand surface must be maintained too carefully. In the subsurface 

filter, the dosing tank should be constructed to permit filling of all the 

distributor tile lines at each operation, insuring thorough dosing of the
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entire bed. 

The method of dosing or applying the liquid to the bed of the small 

open filter is not complicated. It may be applied at one corner or at 

the center on a splash plate to prevent eroding of the sand surface. Any 

method which will permit quick and complete covering of the beds is satis- 

factory. The subsurface filter requires a more elaborate distributing 

system. From 1 to 3 inches of gravel is placed on tec of the sand beds; 

then the distributor tile is laid and covered with more gravel to a depth 

of 1 to 5 inches over the tile. This tile is laid the length of the bed 

and the lines are spaced from 4 to 10 feet apart. Ohio (21) specifies 4 

feet between distributors, while South Carolina (42) permits 10 feet; 

other states specify 6 to 8 feet. No doubt the closer the lines are laid, 

the better the distribution. The joints, of course, mst be protected 

with strips of paper or other material to prevent entrance of small gravels. 

The end of each line is usually provided with a vent as described for the 

sand filter trench. 

The sand used in the filter must not be so fine as to cause excessive 

clogging, and yet not so course as to permit rapid and ineffective filter- 

ing. New York (38) requires an effective size between 0.20 and 0.50 m.m. 

Other authorities, for the most part, do not permit the sand to have a 

smaller effective size than 0.30 mm. Most authorities require the uniformity 

coefficient to be less than 3; Frank and Rhynus (48), however, recommend a 

maximum of 4, whereas Kensas (44) requires this coefficient to be less than 

2.5. The depth of sand is usually required to be at least 30 inches; however, 

some states permit 2 feet, while Connecticut (47) mentions 3 feet. 

The underdrainage system is usually laid in from 6 to 12 inches of 

gravel. The bottom of the filter bed usually slopes to a center channel con-
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taining the collector tile. Six to nine inches of gravel is usually placed 

on the earth bottom below the sand bed to facilitate draining and to retain 

the sand above. Frequently, authorities require the gravel to be graded 

into two or three grades, the coarser eine placed on the bottom and the 

finer on top. Some states recommend a layer of coarse sand on top of the 

gravel. 

Most authorities mention the possibility of odor nuisance to be ex- 

pected from the open sand filter. This is to be expected, especially if this 

type filter is used as a secondary treatment for septic-tank effluent. It 

should, therefore, be located with this possibility in mind. 

Intermittent Trickling Filter 

The trickling filter is ideally suited for use at large schools or 

institutions and at municipal disposal plants. It will accomodate a higher 

rate of filtration than any of the secondary-treatment processes previously . 

discussed, and therefore, requires less area for the same volume of sewage. 

The filter is usually contained within concrete walls and on a concrete 

floor; in fact, the container is frequently built as a watertight tank with 

the necessary controls to permit flooding of the bed. This feature aids in 

the control of a troublesome fly which breeds in the upper surfaces of the 

filter bed. The bed itself is composed of rock in a layer more than twice 

the depth of the usual sand filter. The settling-tank effluent is applied 

to the bed with the aid of a siphon ita permits intermittent dosing. 

Dosing may be accomplished by serveral processes: spraying through nozzles 

which may be fixed or attached to a rotating or traveling distributor, 

spreading by use of tipping trays and distributor boards, splashing from 

splash plates fed by overhead orifices, or filtering through a layer of
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fine material. Of these methods of Seti, ths stationary spray nozzle 

_ and the revolving distributor find most general use, while the tipping 

Say te sometimes used with small installations. The action of the trick- 

ling filter upon the liquid effluent, while similar to that of the sand 

filter previously discussed, does not involve the same degree of mechanical 

filtering inne: Instead, the purification depends upon the liquid 

being aerated in the dosing process and then being acted upon by the organ- 

isms which compose the zoogloeal film which covers the filtering medium. 

From time to time this film breaks off of the rock surface and is washed 

down through the bed. As a result, the underdrainage or collector system 

must be designed to carry this material away without clogging. Frequently 

a slotted false floor is used, although this method proves rather expensive 

. for small filters. The most inexpensive and, at the same time, satisfactory 

underdrainage system for small installations, is a series of parallel half 

tile, laid with open joints and leading to a covered trough (Figure 11) 

which discharges into. the effluent line. 

This periodic "unloading" of the zoogloeal film also results in the 

need for a secondary settling tank following the trickling filter in order 

to retain this material. Odors are to be expected from a trickling filter, 

especially if the sewage is sprayed into the air through the stetionary 

nozzles. The distance at which this ordor will cease to be a nuisance will 

depend upon the wind direction and volocity. The intermittent trickling 

filter requires more attention than does the sand filter, and as a result, 

operating costs are greater. 

The rate of filtration depends at least partly upon the depth of the 

filter; in general, a 10 foot deep filter will treat more sewage than will



53 

a 6 foot deep filter. Hardenbergh (41) says» "About the same volume of 

sewage can be treated on one acre of beds 9 feet deep as on two acres 4s 

feet deep **#*," On the other hand, Buswell (58) states, "The data secured 

indicate that the quality of the final effluent from the ten-foot filter is 

no better than that from the six-foot level of the filter. #**** Moreover, 

clogging and ponding become limiting factors in the employment of high rates 

of filtration." Few authorities, however, recommend depths of less than 5 

feet for trickling filters. Metcalf and Eddy (13) recommend a depth of from 

6 to 8 feet, while New York State Department of Health (38) recommends a 

depth of from 6 to 10 feet. 

The allowable rate of filtration is frequently expressed in gallons per 

acre per foot of depth per day, although some authorities disregard the 

depth of filter and express the rate in terms of gallons per acre per day, 

while still others express it in terms of people per acre per foot depth 

per day, or people per acre per day. Both New York State (38) and Bienes 

icut (47) recommend a rate of 300,000 gallons per acre per foot depth per 

day, except that New York (38) specifies a reduction for institutional in- 

stallations to 50 or 75 percent of this rate. Texas (59) recommends 

1,500,000 gallons per acre per day without regard to the depth of filter, 

although a minimum depth of 5.5 feet and a net depth of 7.0 feet is spec- 

ified. Hardenbergh (41) considers a filtration rate of from 175,000 to 

225,000 gallons per acre per day satisfactory for institutional installae- 

tions. However, after giving these rates he (Hardenbergh) includes in his 

textbook (41) a typical design for an institutional plant in which he uses 

a rate of 250,000 gallons per acre per day for the trickling filter. 

Illinois (50) recommends a filtration rate of 3,500 persons per acre per pets
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foot depth per day. It should be kept in mind that all of these figures, 

With the exception of those of New York (38) and Hardenbergh (41), are for 

municipal installations and that institutional installations are usually 

designed on a smaller rate, 

The size of stone used is important since too small stone will result 

in clogging, while too large stone will result in insufficient treatment 

because of the reduced surface area. New York (38) recommends stone from 1 

to 3 inches, while Connecticut (47) specifies 1 to 2 inches, and Illinois (50) 

1Z to 24 inches. Since it is difficult to screen stone to less than 5 per= 

cent deviation, and some been and chipping takes place in hauling and 

dumping, it is probable that the Illinois (50) specifications are to be pre= 

ferred. Some authorities recommend the hand placing of larger stone immed- 

iately on top of the underdrains to facilitate unloading and prevent cloge 

ging. 

While methods of dosing the filter were mentioned previously, no dis- 

cussion of experiments was made. Frank and Rhynus (48) conducted extensive 

experiments on various dosing arrangements for small installations. They 

concluded that for small plants, where little or no attention is to be 

given, the tipping tray is the only reliable method. Experience, however, 

has shown that no plant, with the possible exception of the septic tank 

with simple subsurface irrigation, should be expected to operate effeciently 

without daily attention. It may prove undesirable to design a plant which 

requires very little attention, since it is then likely to receive no atten- 

tion whatsoever. On the other hand, if parts of the plant require daily 

attention, it is then probable that the entire plant will receive frequent 

attention, and therefore operate more efficiently. The design of a dis-
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tributing system and dosing tank, for fixed nozzles or a revolving dis- 

tributor, varies with the size of filter and type of distributor selected. 

Each has its own hydraulic characteristics, and it is necessary to follow 

the design information of the manufacturer. 

Ventilation of the filter seems to be important. Most authorities re- 

comment provision for ventilating the bottom of the filter. Levine and 

- Goresline (60), after investigating the effect of bottom ventilation on a 

small experimental filter, conclude, "On the basis of the foregoing ex- 

periments it is wrivent ‘shat bottom ventilation was not only essential but 

indispensable if adequate purification was to be secured." Ventilation is 

sometimes secured by extending the underdrainage lines through the wall of 

the filter. This method also permits flushing of the iinée but prohibits 

flooding of the bed.unless a double wall is provided with a flushing gallery 

between. This additional expense is considerable, and it is doubtful if it 

can be justified. Partial ventilation may be provided by the use of air 

wells on either side of the filter leading to a central channel through the 

bottom of the bed (Figure 12). This method adds very little expense to the 

construction, and is, therefore, frequently used.
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CONTRIBUTORY FACTORS 

The County 

Prince William County is located in Northern Virginia (Figure 1), and 

is bounded on the north by Loudoun and Fairfax counties, on the west and 

southwest by Fauquier County, on the south by Stafford County, and on the 

southeast by the Potomac River. It extends in length from the Potomac 

River on the southeast, some 35 miles, to Bull Run Mountain on the north- 

west, and varies in width from nine to sixteen miles. According to the 

1940 census report, the county has 347 square miles, or 222,080 acres, 

Located within Prince William County are three large areas owned by 

the Federal Government. Quantico, aU. S. Marine Reservation, located in 

the southernmost tip of the county, contains 4700 acres. Chopawamsic Park, 

@ recreational demonstration area owned by the National Park Service, come 

prises 11,000 acres northwest of the Richmond-Washington highway at Dumfries. 

Near Stone House on the Lee highway is Bull Run Battlefield Park, which con- 

tains 1600 acres. Of the remaining 204,780 acres in the county, 124,288, 

or 61%, are in farm land, divided among 1044 farms. 

In 1940 the population of Prince William County was 17,738, 3290 of 

which was included within incorporated towns, as follows: Manassas, the 

county seat, had a population of 1302; Dumfries, 480; Haymarket, 1563; Occo- 

quan, 213; Quantico, 1139, At the same time there were 3466 occupied and 

275 unoccupied houses in the. county. 

Most of the county is drained by Occoquan Creek and its tributaries 

(Figure 2). Broad Run and Cedar Run, which rise in neighboring Fauquier 

County, join near Brentsville to form Occoquan Run. Bull Run, another
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tributary of Occoquan Creek, rises in northern Prince William and Fairfax 

counties, forms the boundary between these counties, and joins Occoquan Run 

about 8 miles south of Manassas. This junction forms Occoquan Creek which 

continues to form the Prince William and Fairfax boundary and flows into 

the Potomac through Occoquan Bay at Woodbridge. The rest of the county is 

drained by small creeks which flow into estuaries of the Potomac. These 

creeks are: Chopawamsic, which forms the boundary between Stafford and 

Prince William counties, Little, Quantico, Powells, and teabins: 

Prince William is the only county in the state extending from mountain 

to tidewater. The Bull Run mountains which form the northwest boundary 

have an average elevation of about 1000 feet, with peaks extending as high 

as 1250 feet. The Piedmont Plateau extends from the mountains to the Fall 

Line and varies in elevation from 500 feet to about 200 feet, The Coastal 

Plain extends from the Fall Line to the Potomac, and has a relief of almost 

200 feet. 

Geologically, the county may be divided into three sections (Figure 2). 

The largest section, approximately 169 square miles, is underlain with the 

Triassic formations of Bull Run shale and Manassas sandstone, and their 

associated intrusive and extrusive diabase. This area extends from the 

Bull Run mountains southeastwardly about 17 miles. Southeast of this 

Triassic area is an area about 10 miles wide containing Ordovician and 

Algonkian formations. This area is underlain with Wissahickon schist with 

intrusive granite and small outcrops of Quantico slate and Peters Creek 

quartzite. Southeast of this area the Coastal Plain, about 5 miles wide, is 

composed of sand, clay, gravel and silt. 

The dip of the Triassic rocks is northwestward to the Catoctin border
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fault at the eastern edge of the Bull Run mountains. The dip is slight 

at its southern edge, but increases as it approaches the border fault. 

The intrusive trap forms conspicuous well-defined ridges, which rise some 

50 to 75 feet above the sedimentary strata. Lower Cambrian rocks outcrop 

in a small area west of the Catoctin border fault. The sediments of the 

Coastal Plain dip seaward, 

That area of the county underlain by the Triassic rocks is, for the 

most part, devoted to farming. The majority of these farms are dairies, 

producing milk for sale in the nearby metropolitan area of Washington, 

D. C., Arlington County, and Alexandria City, Virginia. The inhabitants 

of this area are in the highest economic level of any of the rural sections 

of the county. The soil is chiefly of the Penn series consisting of loam 

derived from the weathering of the red shales and sandstones. Drainage 

through this soil is very slow. For the most part, the soil blanket is 

shallow, in many places two feet or less in thickness. The ridges result- 

ing from the igneous intrusivies are covered with residual boulders known 

locally as “nigger-head rock", The residual soil from this rock is of the 

Montalto series, known locally as “black jack", and is extremely impervious. 

Because of the shallow soil mantle, drilled wells predominate in this area, 

although there remain a number of old dug wells, some as much as 100 feet 

deep. The drilling of wells in the diabase ridges is difficult because of 

the encountering of boulders. 

The belt underlain principally with the metamorphic formation is heavily 

wooded and the few farms in the area are small. This section is; echoes” 

inhabited, for the most part, by people of a low economic level. The soil, 

while not porous, is less impervious than that found in the area of the
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Triassic rocks. The depth of the soil is also greater and the dug well 

is common. There are, however, numerous outcroppings of Quantico slate 

and granite where the soil is thin or altogether lacking. In these areas 

some wells are drilled and some dug; however, either one is uncertain as 

to the quantity of water obtainable, 

The Coastal Plain is sparcely populated, except in the vicinity of 

Woodbridge and the Dumfries-Triangle area, which are developing rapidly 

into urban communities. Much of the rest of the area is wooded or marshy, 

with few farms. Fishing is a minor industry in this area; a brickyard em- 

ploys some people; but the majority work at the District of Columbia Work- 

house and Reformatory in adjacent Fairfax County, or commute to Alexandria 

or Washington. In addition, the activities near Quantico employ a great 

many, and others derive their livelihood from the tourist trade from U. S. 

Highway, #1. As a result, the economic level of the inhabitants is extremely 

variable. 

The thick sediments found here are favorable to small dug wells, 

Gravel-packed wells are also satisfactory, several having been sunk for the 

Quantico Marine Post supply, one to a depth of 550 feet and reputed to yield 

520 gallons per minute. 

Prince William County is not wealthy, although, on the whole, it may be 

said to have an economic level above the average for the rural areas in the 

state. With the exception of Stafford, howevér, all of the counties border- 

ing Prince William may be said to have a greater inherent wealth than does 

Prince William. The total assessed values in Prince William County, subject 

to local taxation as of 1940, equalled $9,113,600.62, while this assessed 

value for all one-hundred counties in the state equalled $1,066,898,788.52.
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The same values of the independent cities of the state were $1,158,155,872.82, 

Of the county values, 39 had a greater assessed valuation subject to local 

taxation than Prince William; while 60 counties had less. 

The aggregate of all local levies for the county for the tax year, 1940, 

was $92;258.21, while the total local levies for all one-hundred counties 

was $12,285,122.14, and for the independent cities $17,102,130.74. The mean 

per capita local levy for all one-hundred counties (excluding the independ- 

ent cities) was therefore $6.45, while the local levy per capita for Prince 

William County was $5.20. The median of all the counties was $5.58, while 

62 counties had per capita levies greater than Prince William. 

The School Sys ten 

The Prince William County school system during the term 1937-1938 

included 26 schools (15 white and 11 colored) with an average daily at- 

tendance of 3231 (2734 white and 497 colored). From that time to the pre- 

sent, due to consolidation, the actual number of schools has been decreased 

somewhat. As a result, during the term 1940-1941, there were 20 schools (13 

white and 7 colored) with an average daily attendance of 3,324 (2834 white 

and 490 colored). 

This school system is under the direction of a division superintendent 

who is responsible for the operation of the system under the general dir-~ 

ection of the Prince William County School Board. This board is compoued of 

six trustees, one from each magisterial district of the epuiley. These trus- 

_tees are appointed by the school trustee electoral board, which board is 

appointed by the judge of the circuit court. The school board then employs 

the division superintendent from a list of eligibles furnished by the State 

Board of Education, and all other personnel upon the recommendations of the
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division superintendent. In addition eo the division superintendent and 

the school board, the organization is composed of teachers; principals; 

two elementary supervisors (one white and one negro), an office clerk; a 

supervisor of transportation, grounds, and building maintenance; bus 

drivers; mechanics; building custodians; and miscellaneous laborers. 

Under the supervision of the transportation and building maintenance 

supervisor, are three mechanics and 14 transportation workérs. In addition, 

all county prisoners are worked by the maintenance supervisor during their 

jail terms. For the maintenance of busses and trucks, and storage of build- 

ing materials, a combination garage and storehouse is maintained by this de- 

partment. In order to reduce operating costs, all materials are purchased 

in quantity by the supervisor through the aseteied superintendent, and all 

repair work on busses and buildings is carried on by the employees. Work 

requiring special skills, such as plastering, timming, and painting is 

either contracted for or workmen skilled in these crafts are employed by 

the hour. This department is in operation 12 months of the year with the 

result that much work is accomplished that would otherwise not be possible. 

The cost of operating the schools in Prince William County compares 

favorably with the other counties in the state. During the school year, 

1939-1940, the per capita cost (based on average daily attendance) for 

elementary school instruction was $20.82, for secondary school instruction 

$45.02, and for toatl current expenses for elementary and secondary schools 

(excluding capital outlay and debt service) $42.07. The medians for these 

same per capita costs (counties only) were: elementary school instruction 

$22.85, secondary school instruction $43.92, total current expenses $42.61. 

While the costs of instruction in Prince William County are comparable with
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the medians, average annual teachers salary is well above the median for 

the state: average annual teacher's salary for Prince William County, 

1939-1940, was $852, whereas the median of all counties was $726, and the 

mean for all counties was $784. Of the 100 counties in the ates only 13 

exceeded Prince William in this respect, 8 of these being adjacent to cities 

of more than 37,000 inhabitants. 

In transporation costs, Prince William is also well below the median 

for the state. In 1939-1940 transportation of negro pupils cost $10.80 

per pupil, while the median was $13.14. In the same year transportation 

of white pupils cost $9.43 per pupil, while the median was $12.05. Only 

23 counties reported a lower per capita transportation cost for colored 

pupils and 16 counties a lower per capita transporation cost for white 

pupils. 

From analysis of these figures, it is apparent that the cost of op- 

erating the Prince William County school system is not excessive. Total 

receipts, which are not comparable with other counties because of variation 

in population, show Prince William County schools to be exceeded in income 

by 52 other counties. On the other hand, 55 counties exceeded Prince William 

in total school disbursements for the year, 1939-1940. Total receipts for 

Prince William schools were $173,439.31 and total disbursements $169,423.57. 

This economical operation is only possible by centralized and efficient or- 

ganization of all activities under one head. 

The Health Department 

A health department, which consisted of a health officer, a nurse, and 

a sanitation officer, was organized in Prince William County in 1918. The 

County Board of Supervisors failed to make an appropriation for the following
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year, and this service was withdrawn. As a result, very little constructive 

public health work was accomplished. More or less continuously during the 

next eight years a part-time nurse was employed by the American Red Cross, 

and in 1927 a full-time nurse was employed. This nursing service was main- 

tained until 1938 when the. Board of Supervisors made the necessary appro- 

priation to again organize a county health department. This department or- 

ganized in February of that year, and consisted of four full-time employees: 

a health officer, a public health nurse, a public health engineer, and a 

clerk. The cost, to the county, of this department is $4000 per year, of 

which $600 is for the salary and expenses of the engineer. 

The personnel of this department is considered to be the minimum 

necessary for the pursuing of a well-rounded public health program. Accord- 

ing to the American Public Health Sedaka tien (61), activities of a local 

health department program should include at least the following six primary 

functions: 

A. Vital Statistics | 

Be Sanitation 

C. Control of Communicable and Preventable Diseases 

D. Laboratory Service 

E. Protection of Health in Maternity, Infancy, and Childhood 

F. Public Health Education 

Of these six functions, one, Sanitation, holds most interest for the 

purpose of this thesis. Sanitation has been defined by the Committee on Ad- 

ministrative Practice of the American Public Health Association as (61) 

"The control of the material environment of man in the interest of human sur- 

vival, comfort, and use." In view of this definition, it is obvious that
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sanitation is, in general, a permanent means of reducing the incidence of 

certain diseases. 

The specific responsibilities of a desirable sanitation program as 

stated by the American Public Health Association (61) are as follows: 

l. 

ee 

Se 

4 

Se 

6. 

Safeguarding all water supplies, both public and private, 

commercial and household, so that the purity of the water 

for dietary, cleansing, or recreational use may be universal. 

Securing the sanitary disposal of human and sndud treed 

wastes in a manner to avoid nuisance, and prevent the 

pollution of foods or water supply. 

Supervision of the production and distribution of milk, 

and milk products, by licensing, inspection, and labora- 

tory tests, to prevent the sale of any but a clean, whole- 

some pasteurized milk of standard food value. 

Supervision of the production, processing, and distri- 

bution of foodstuffs, including shellfish, and of drugs 

and devices offered to the public for treatment of sick- 

ness, 

Supervision of all places of human habitation to secure 

adequate light, air, water, sanitary necessities, pro- 

tection from inclemencies of weather, and to prevent 

overcrowling of occupants. Also control over the environ- 

mental sanitation of public camp sites, swimming pools, 

bathing beaches, parks, and other public properties. 

Control of mosquitoes, other insects, rats, and other vermin, 

such as may affect the public health.



67 

7. Control over the environmental conditions of employment. 

8. Control over atmospheric pollution by smoke, dust, and 

harmful fumes, 

These activities are, of necessity, many and varied. In some local- 

ities one or more of the above activities will need to be stressed. In 

any event, all of these antavietds need to be carried on if the public 

health is to be fully protected by the health department. 

It is well recognized by most health workers that of all the functions 

of a health department, the education of the individual in public health 

needs is most important. No public health program can succeed without the 

full cooperation of the public. This cooperation cannot be obtained unless, 

and until, the public realizes the necessity for such cooperation and is 

well informed on the necessary activities. 

Obviously the best place to begin this education is in the schools, 

for there are nurtured the citizens of tomorrow, in one group, prepared to 

receive kmowledge. Doctor Bagby has said, (62) "All up-to-date health 

officers and school physicians agree that one of the main factors in the 

promotion of health, the prevention of sickmess, and the consequent pro- 

longation of life, is the kind and the amount of health education given in 

the schools, and Paboaeh them, in the homes." He also said, (62) “our 

schools should be made a model for the home, and should certainly not lower 

the standard of living in the home." The thought contained in the latter 

statement should be the basis for all public health work. If the school 

child, whom we expect to grow into the citizen of tomorrow, is not shown 

by example in the schools, we can certainly not expect him to carry to 

his home a knowledge of public health. Therefore, if the schools exhibit
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glaring examples of poor sanitation, very little more can be expected 

from the homes. 

With this in mind, when the health department was orgenized, it was 

thought that the schools would be the best place to begin sanitation 

activities in Prince William County. Consequently, an interview was 

arranged with the division superintendent of schools to aisenes this 

activity. The superintendent immediately expressed his desire to do all 

within his power to effect the complete sanitation of the schools in the 

county. There was, of course, the ever present consideration of cost to 

be reckoned with, in addition to the fact that the health department was 

a@ new and untried argent ieee. not to be given unlimited powers, until 

it had had the opportunity to “try its wings".



  

IV 

THE PROCEDURE 

The Survey 

To determine the needs of the schools, a survey of the existing con- 

ditions was made. Each school in the county was visited, the water supply 

and excreta disposal inspected, and the teacher or principal interviewed. 

As a result, the following data was recorded for each school: size of 

school and number of pupils; type a soil and rock formation; type of water 

supply and quantity of water available; condition of well and appearance of 

water; type and adequacy of excreta disposal; condition of toilets or sep- 

tic-tank system;:record of work done on wells, toilets, or septic-tank 

systems; and any other information or complaints offered by the teacher, 

In addition to the data, a sample of water for bacteriological examination 

was collected from each well. 

From the information thus obtained a report was written and submitted 

to the superintendent. This report recorded the number of schools with 

approved and unapproved excreta disposal and water supply. All necessary 

corrections for obtaining approved systems for each school were also re~ - 

corded. In determining the status of the schools, as noted in Table 4, 

only the facilities provided are considered in order to differentiate im- 

proper or inadequate construction, from lack of maintenance. For example, 

where a properly constructed privy of adequate size was found to have a 

missing or broken seat lid, the school is recorded as having approved ex- 

creta disposal. Likewise, a properly constructed well with an unpacked 

stuffing nut on the pump is recorded as approved. On the other hand, a 

school with one approved and one unapproved toilet is recorded as having 

unapproved excreta disposal.
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Table 4 

Excreta Disposal and Water Supply 

At Schools in Prince William County 

Spring - 1938 

Approved Unapproved 
Construction Construction 

Schools connected to public sewer 3 0 

Schools with sewage-disposal systems : 2 3 

Schools with privies : 1G: 8 

Schools connected to public water supply 3 0 

Schools with drilled wells wok 10 

Schools with dug wells 0 6 

Schools with no water supply on premises 0 6 

This survey included 26 schools, 15 white and 11 colored, represent- 

ing approximately 3,300 pupils. Of these 26 schools, only three w= all 

connected to minicipal water and sewer systems -=- had both water supply 

and excreta disposal approved. On the other hand, ten schools, six white 

and four colored, had both water supply and excreta disposal unapproved, 

and the remaining seven white and seven colored had either the water supply 

or the excreta disposal unapproved. 

When these conditions are studied in relation to the number of children 

affected, the information show in Table 5 is obtained.
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Table 5 

Percentage of School Children Affected 

By Stated Sanitary Conditions 

At Prince William County Schools 

Spring - 1938 

Percentage 

Children at schools with drinking-water source 
of unapproved construction 63% 

Children at schools with excreta disposal of 

unapproved construction 46% 

Children at schools with both facilities of 
unapproved construction 36% 

Children at schools with both facilities of 
approved construction 26% 

Children at schools with one or both facilities 
of unapproved construction 14% 

Nearly 75% of the pupils in the county--representing 67% of the white 

and 100% of the colored--were attending schools with unapproved water supply, 

unapproved excreta disposal, or both. Obviously, the schools were not serv- 

ing as very good models for the homes. 

The Nokesville School Project 
  

The Nokesville school is located about eight miles west of Manassas, 

and near the southern edge of the area of Triassic formations (Figure 2). 

During the survey, this school was found to have an improperly operating 

septic-tank system. This system, which had been installed by a contractor 

at the time the school was constructed, about nine years before, had 

functioned improperly for several years. From the best information obtain-
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able, it was estimated that about 1500 feet of drain tile had been in- 

-stbiea, but no information was available as to the manner in which this 

tile had been laid. The system had had some werk done on it from time to 

times some grading had been dusted & part of a line had been relaid; and 

the tank had been cleaned oahseiliaas in an efford to correct the condition. 

During the winter of 1938, the overflow from this system did not 

create much odor, and, therefore, went more or less unnoticed by the school 

authorities and neighbors. However, with the advent of warm weather, a 

malodorous nuisance developed, and as a result some complaints were entered. 

The quserintendent then requested the health department to inspect the 

system and mare recommendations for its repair. 

The tank was measured, the distributing box was opened, and the lines 

were uncovered in several places. It was found that the tank was of ample 

size for the enrollment, and that the effluent was reasonably clear. Howe 

ever, it was found that no collars had been used around the tile joints, 

and no cinders or gravel had been backfilled around the lines, and as a 

result all but two or three of the lines had filled with clay. Im addition, 

from measurements of the apparent lines it was estimated that not more than 

1000 feet of tile had actually been installed. Obviously the system could 

not be expected to function satisfactorily under the conditions, and it was 

evident that it could not be made to function merely by adding or relaying 

a few lines. 

Several percolation tests were then made on the soil. The results of 

these tests were most discouraging inasmuch as more than 24 hours were re- 

quired for 18 inches of water to seep out of a one-foot square hole. Dur- 

ing the tests it was noted that there were from 1 to 3 feet of heavy clay
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soil on top of the Bull Run inte: This shale which varied in hardness, 

extended downward many feet, excluding the possibility of boring through it 

into a more pervious strata. It was apparent, therefore, that this soil was 

unsuited to Ah dietnce purification. Nevertheless, the location of the 

school on flat ground precluded the installation of any other known type of 

sewage-disposal system, unless pumping was to be considered which, because 

of the cost, was out of the question. In addition, the amount of drain tile 

which could be installed in the space available was limited to approximately 

2000 feet. 

The health department was here confronted with the ever-present problem 

of disposing of the liquid wastes from a building, where natural obstacles 

increased the difficulty of the problem. In addition, economical and polit- 

ical considerations made the problem increasingly difficult. Since complete 

or nearly complete purification could not be assured, the problem became 

one of disposal without purification, or at the most little purification. 

The experiences of the orchardist in the use of dynamite to break up 

underground rock formations in order to better drain his orchard were re- 

called. As a result, an experiment was made in which a large hole was hon 

to the estimated depth to which the drain tile would be laid, and a drill 

hole sunk about 24 feet deeper. A stick of dynamite was shot off in this 

drill hole, and the debris cleaned out. The result was a hole (in the bot- 

tom of the large hole) about 18 inches in diameter at the top and two feet 

deep. This deeper hole was filled with washed gravel and tested for ab- 

sorption. Water seeped away as rapidly as it was poured into it. Un- 

doubtedly, the dynamite had shattered the rock enough to provide a large 

reservoir. It was thought that if 2000 feet of tile were installed and
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and similar holes dynamited about every 20 feet in the ditches, sufficient 

reservoir could be obtained to hold the drainage during wet weather and 

permit it to seep away during drier periods. The only consideration was the 

possible contamination of the well which was a little more than 100 feet 

from the nearest point of the proposed field. The opinion of a dynamite 

expert in the neighborhood was that the force of the “load” would not ex- 

tend horizontally more than ten to twenty feet in the soft shale. Since 

the well was fairly deep, it was decided that the blasting of the field 

would have no effect on the well. 

Consequently, the health department recommended, to the school author- 

ities, the installation of 2000 feet of tile, with dynamited holes every 20 

feet. The school authorities were apparently not prepared to spend the 

amount of money necessary to do this work. In addition they were probably 

somewhat skeptical of the recommendations of the health department since it 

was @ comparatively young organization in the county, and no work of this 

type had as yet been done. As a result, no immediate action was taken, 

In an effort to reduce the cost to the school board, the health departe 

ment then investigated the possibility of obtaining W. P. A. (Works Progress 

Administration) labor for this project. A letter was addressed to the Dis- 

trict Engineer of the W. P. Ae, requesting permission to use the labor pro- 

vided for the community sanitation project. No satisfactory reply was re- 

ceived. The matter was then taken up with the Regional Director of Sani- 

tation of the State Health Department, who in turn consulted with the state 

office of the W. P. & Investigation of the project description revealed 

. that construction of septic-tank systems on public property was permitted, 

in addition to privy construction at private homes. In due time the health
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department was notified by the W. P. A. that this labor would be available 

to reconstruct the Nokesville school septic-tank system. The school author- 

ities then agreed to purchase all necessary materials, oiurited Ou health 

department furnish engineering supervision. This was agreed to, and the 

work started in July, 1938. 

No unusual construction problems were met, and the job was Seite Ga 

in three months. All of the old drain tile was dug up, and it was found 

that only 800 feet had been installed. This was cleaned and reused, a new 

distribution box was cohstrieked, and 2200 feet of drain tile installed. 

The distribution box was constructed in accordance with the recommendations 

of the Virginia bulletin on septic tanks (37). The tile was laid on boards 

to a grade of i inch in 25 feet, in ditches 18 inches wide. Four inches 

of cinders i placed under the tile and 2 totes over top. Earth back- 

fill varied from 12 inches to 2 feet. The excessive backfill was necessary 

because of the original level of the septic tank, which could not be changed. 

For the same reason a siphon could not be used. During construction, it was 

noticed that runoff from two large buildings flooded the field. These 

buildings were "guttered", and a concrete-lined ditch built across the field 

to carry this water away. The completed purification field cost the county 

approximately $350 for materials. Wo information on labor costs is available. 

The Dunfries School Project 

The Dumfries school is located near the Fall Line in the southern part 

of Prince William County, on a hill underlain with Quantico slate (Figure 2). 

This formation is covered with an impervious clay, which, near the water 

table, is inhabited by crayfish. As a result, Se faciation of surface water 

through the soil is limited almost entirely to that which flows through



76 

the crayfish holes. 

The school building at Dumfries was constructed in 1916, with outside 

toilets. These were continued in operation until 1933 when a basement was 

dug under the building in which was installed a heating plant and boys' and 

girls toilets. In order to dispose of the sewage from these toilets, which 

were used by 150 pupils, the C. W. A. (Civil Works Administration) constructed 

a septic-tank system. Unfortunately, however, the location of the toilets 

in the basement made it necessary that the septic tank be constructed near — 

the bottom of the hillside, with the result that the subsurface drainage 

field was extended into the hillside. 

‘The septic tank which the C. ". A. constructed (Figure 4) was 12 feet 

9 inches long; 6 feet wide; and 5 feet 6 inches deep. This would have re~ 

sulted in a 2600 gallon tank, provided 12 inches of air space had been per- 

mitted. However, the inlet was placed 3 feet 3 inches and the outlet 3 feet 

2 inches from the bottom, resulting in 2 feet 4 inches of air space, and con- 

sequently, only 1800 gallons capacity. The effluent from this tank entered 

a distributing box about 2 feet away. This distributing box was 8 feet long, 

6 feet wide, and approximately 3 feet deep. The inlet entered about 18 

inches from the top, and six outlets had been placed at the bottom. These 

six lines formed the subsurface purification field, and continued into the 

above mentioned hillside. The lines wore of different lengths, but the 

longest was nearly 200 feet, and at its extremity was some 7 feet, 6 inches 

below the ground surface, and considerably under’ the usual water table. A 

total of only 850 feet of tile had been installed, even though the original 

plans called for 1800 feet. This disposal system had cost about $2500, ap= 

proximately two-thirds of which had been borne by the C. W. A. and the re-
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mainder by the county school board. 

The system is reported to have functioned satisfactorily for three 

years, or until 1936, when the effluent began breaking through the ground 

near the distributing box and discharging into a nearby ditch, which ran 

through adjoining property. Efforts made by the school authorities to 

correct the condition by minor repairs to the system had been unsatisfactory, 

and the resulting insanitary condition was noted and reported to the school 

authorities when the health department made its survey in 1938. After a 

conference with the division superintendent, it was learned that the school 

authorities planned to enlarge the school. Since definite plans for this 

enlargement had not been formulated, it was considered unwise to attempt to 

make recommendations for a new sewage-disposal system. Consequently, the 

health department recommended, as a temporary measure, that the effluent 

from the septic tank be chlorinated and discharged into the ditch. 

During the summer of 1938 a temporary elilerineber was constructed from 

several barrels and a toilet flush valve, and installed in the basement of 

the school. The septic tank was cleaned out so as to provide maximum set- 

tling; the outlets from the distribution box were plugzed, and one outlet 

was made about 18 inches from the iii Thus, the distribution box was 

transformed into a 270-gallon retention chamber. The chlorine was fed into 

the line between the septic tank and the distribution box. The chlorine 

feed in the basement was regulated by a graduated needle valve, which per- 

mitted the custodian to increase the dosage during recesses and at times of 

heavy flow. The custodian was instructed in the orthotolidine test for 

residual chlorine and within a few days after the opening of school, was 

operating the temporary chlorinator effectively. This method of disposing



  

Figure 3 = Dumfries school sand-filter system. 
Note chlorinator house in rear with dosing 

tank and effluent collection manhole. 

  

Figure 4 = Dumfries school «= old septicetank 
system. Septic tank in foreground, dis- 

tributing box in background.
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of the septice-tank effluent was used satisfactorily during the entire 

1938-1939 school year, 

In the meantime the school authorities had decided to construct a 

new school building directly in front of the old one, and to be used as 

an addition to it. At the request of the health department, it was de~ 

cided to abandon the old toilets and to conatruct new toilets above ground 

in the new building. 

Members of the central-office staff of the state health department were 

called upon for consultation on a type of sewage disposal for the new school. 

As stated above, the soil was impervious, except for the crayfish holes, 

and underlain with the Quantico slate formation which extended several hun- 

dred feet in depth. This condition made subsurface purification impractical 

as a method of secondary treatment, since the liquid would either rin 

through the crayfish holes to the nearby ditch, or enter the slate formation 

where it might contaminate the wells. The wells were receiving most of théir 

water from streams in the slate, near the top of the strata, ont ae there~ 

fore, susceptible to surface contamination. 

The site of the existing septic-tank system was too near the building 

to permit installation of an uncovered gravity sprinkling filter. Further 

investigation revealed a site across the ditch, and on adjoining property, 

which was well suited for an open sand-filter system. This site was more ‘din 

200 feet from the school building, shielded from view by trees, and low enough 

to permit installation of a gravity system. While a sand-filter system on 

this site seemed to be most desirable, it developed that unless the property 

could be purchased for a reasonable sum, and natural sand beds with satis- 

factory sand found nearby, the cost would be prohibitive. Several nearby
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sand beds were sampled and the sand at one, about one-half mile away, was 

found to have an effective size of 0.23 mm. with a uniformity coefficient 

of 2.17. This sand, while rather fine, was within the limits set by some 

authorities. Furthermore, it could be delivered to the site for about 25 

cents per ton, while washed sand with an effective size between 0.25 m.m. 

and 0.36 mm. with a uniformity coefficient of 2.6 would have cost $4.25 

per ton delivered by a nearby sand and gravel desler. Even though the 

natural sand required screening to yenere the debris, about $800 seeta ‘the 

saved by using it. The additional maintenance cost resulting from the more 

frequent scraping of the beds, because of the finer sand, would probably 

not equal $800 during the life of the system. Further investigation dis- 

closed that the site could be purchased for & reasonable price. Consee 

quently, a settling tank with secondary treatment by open sand filters with 

or without chlorination was decided upon, and the health department pre- 

pared a cost estimate and project proposal to be submitted to the W. P. A. 

by the school board. 

A survey showed little fall available from the ground level at the pro- 

posed building to the site, and it was apparent that it would be necessary 

for the line from the building to cross the ditch, either by a 100-foot 

supported line or through an “inverted siphon". Since the piers necessary 

for a supported line greatly increase the cost, and since an “inverted 

siphon", when used for sewage, frequently gives trouble ee stoppages, it 

was decided to locate the settling tank near the proposed building, and run 

the effluent through an “inverted siphon" to the dosing tank. This pro- 

cedure made a septic tank desirable, since it can be covered and placed 

near @& building, a feature of distinct advantagé under these conditions.
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The maximum future population of the school was estimated by the school 

authorities to be from 250 to 3500 day students. No showers were to be in- 

stalled in the new school, so that a per capita consumption of 10 gallons 

per day was assumed. The maximum 24-hour flow would then be 3000 gallons; 

however, in order to assure satisfactory settling and at the same time in- 

sure against an unexpected increase in attendance, a 4000-gallon wdptic 

tank was designed. The size and shape of the tank, the wall thicknesses, 

and other features were designed in accordance with the Virginia (37) 

bulletin on septic tanks. 

Since the proposed line from the septic tank to the dosing tank passed 

near the ‘wells, it was necessary to use cast-iron pipe with leaded joints 

to protect the supplies. Six-inch pipe was planned for that portion of the 

line through which the effluent would be running free, and in order to in- 

crease the velocity, four-inch pipe for that portion included in the "ine 

verted siphon". 

In accordance with the requirements of the Bureau of Sanitary Engineer- 

ing of the Virginia State Department of Health (57), the sand-filter area was 

designed on & maximum filtration rate of 100,000 gallons per acre per day. 

Inasmuch as sand filters can be enlarged or added to, in the event of un- 

forseen increase in the daily flow, a future daily loading of 2750 gallons 

Was assumed, with the result that 1200 square feet of filter area, divided 

into three filters, was designed. Three beds were designed so that any one 

bed could be placed out of service for cleaning and resting. The dosing 

tank was designed for a capacity of 672 gallons to permit dosing of each 

bed (400 square feet) to a depth of 2.75 inches, by two 5-inch alternating 

siphons with a drawdowm of 22 inches. These siphons were to empty into a
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double distributing box so that number 1 siphon could dose either number 1 

or number 2 bed, while number 2 siphon could dose either number 2 or number 

3 bed. Consequently, any two beds could be dosed alternately while the other 

remained out of service, or both siphons could be arranged to dose number 2 

bed while both of the other beds remained out of service. It was planned 

to empty the effluent into the nearby ditch which, even during moderately- 

dry weather, had a flow of several times the volume of the plant effluent. 

This ditch empties into Quantico Creek about 1000 feet away. 

Inasmuch as the school authorities had been accustomed to cleaning 

out septic tanks and burying the sludge, it was decided to eliminate sludge- 

drying beds. Furthermore, the location of the septic tank near the build- 

ing precluded the installation of sludge-drying beds unless more than a 

200-fcot sludge line was to be constructed. 

On the basis of the foregoing design, the cost estimate and project 

proposal was submitted to the W. P. A. It was approved, and the W. P. A. 

egreed to furnish all labor, provided the school board furnish all materials 

and equipment, and the health department furnish the engineering supervision. 

As a result, the project was begun immediately upon completion of the Nokes- 

ville project, and before construction was started on the new building. 

Excavation for the septic tank was started first, and the tank con- 

structed 15 feet 6 inches long; 7 feet wide; and 6 feet 4 inches deep. The 

inlet invert was placed 1 foot, 1 inch from the top, and fitted with a 

short cast-iron tee. The outlet invert was placed 1 foot, 4 inches from the 

top with a cast-iron tee extended 2 feet, 6 inches below the surface of the 

liquid. This location of the outlet permitted a 5-foot water depth. No 

other baffle or partition was provided. The top was reinforced and con=
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structed with a 24-inch square manhole in the center, and two 6-inch square 

handholes over each tee. 

A shallow manhole was constructed at the outlet of the tank where a 

100-degree bend was necessary. From this manhole, the effluent line was 

constructed, as planned, of 6-inch and 4-inch cast-iron soil pipe. Two 

cleanout plugs were placed in this line--one in the 6-inch pipe, and the 

other in the 4~inch pipe below the hydraulic gradient. In order to flush 

this line, in an effort to prevent stoppages, it was made to enter the 

dosing tank through the floer. It was thought that in this way, each time 

@ siphon emptied the tank, the lowering of the water level would result 

in the emptying of a portion of the line and a consequent flushing action. 

The dosing tank was constructed on top of the ground, and was 7 feet square 

and about 3 feet deep. To prevent uneven settling of this tank, it was 

built on ten concrete piles, 8 inches in diameter and pirbanddns about 6 

feet in the ground. These piles were poured in place in bored holes. The 

small distributing box was constructed as planned. 

The original plans included a concrete wall around each sand-filter 

bed, but since it was necessary to construct them entirely below the ground 

level, nearly $200 was saved by eliminating the walls. The 30-inch depth 

of sand which was used for the filter beds, was laid on top of three grades 

of gravel. Two of the three grades were obtained by hand screening 3/4- 

inch concrete gravel, through a $-inch wire sieve and a leinch metal screen. 

That portion of the concrete gravel which passed through the sieve made one 

size; that which was retained on the sieve and passed through the leinch 

openings:in the screen made another sizes; while» that which was retained on 

the screen was mixed with railroad ballast to make the third size. The
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bottom of each bed was sloped 6 inches from the side walls to the middle 

where a 12-inch ditch was dug, 6 inches deep at the back and 9 inches at 

the front. Four-inch drain tile was laid in these ditches in gravel, to act 

as an underdrainage system. The bottom of the beds was then covered with 

the largest size gravel to a depth of 3 inches at the side walls and 9 inches 

at the middle (due to the floor slope). The middle size gravel was laid 3 

inches deep dibaotiy on top of this, and the smallest size 3 inches deep on 

top; then the 30 inches of screened sand was placed in the beds, the top of 

the sand being about 12 inches below the ground level. Each bed was 25 

feet by 16 feet. The effluent from each bed was run through a manhole in- 

to a 6=inch line which ran 200 feet to the ditch. Although no chlorinator 

WAS eee wooden building was constructed, which could house a chlor- 

inator in the event odors became troublesome. (Figure 3) 

A high water table and the small underground streams following the cray- 

fish holes proved troublesome during the construction. Very little equip- 

ment was available, and all excavation; concrete mixing and pouring (a 

mixer was used for the septic tank); and screening and placing of sand and 

gravel, was done by hand. As a result, and since the W.P.A. labor worked 

only part time, progress was slow. The plant was completed late in March, 

1939, six months after construction was started. The actual labor cost is 

not available, but it is estimated to have been $1100. The cost of materials, 

tools, and equipment was $800. 

The new school building was not completed in time to be used during the 

1938-1939 school term, so the sand-filter system was not used until the fall 

of 1939. The plant has been in operation nearly three years and has proven 

to be very satisfactory; no trouble has been experienced with odors, and the
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chlorinator building has been dismantled. It does, however, require some 

maintenance, the cost of which does not exceed $25 per year. From the ex- 

perience with this plant, it is felt that a sand-filter system is not in- 

dicated for a school where janitor service is not available. on the other 

hand, it is believed that if janitor service and a suitable site are avail- 

able, a sand-filter system should be installed at any school where there is 

any possibility that a subsurface-filtration system will not function prop- 

erly. 

The Occoquan School Project 

The Gosequan schol is located in the southeastern tip of Prince William 

County, in the Coastal Plain and about two miles from Occoquan Creek (Fige 

ure 2). A sandy=-clay soil, which varies considerably in the proportions of 

its constituents, is prevalent in the vicinity. This soil frequently con- 

tains strata of gravel. In the immediate vicinity of the school the clay 

or sand clay extends 16 to 20 feet deep to a water-bearing sand strata, 

which lies on top of an impervious clay. The underground water flow in the 

vicinity of the school is eastward. 

This school was constructed in 1927, at which time a septic tank and 

subsurface-purification field was installed. The septic tank had two chambers 

with a 2000-gallon working capacity in the primary chamber, and 1000 gallons 

in the secondary chamber. ‘he chambers were connected by an inverted "DU", 

No information is available concerning the size or layout of the purification 

field, and it is not known how long it continued to function satisfactorily. 

By 1933, however, the school enrollment had increased to 300 and the puri- 

fication field has ceased to function properly. An addition was constructed 

to the school in this year, and C. W. A. money was made available to repair
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the septic-tank system. 

Since there was no county health department at that time, the super- 

intendent had called upon the state health department for advice and assist- 

ance. A representative of the department had then visited the site and made 

the following recommendations: that the tank be cleaned, that the partition 

be removed to made a single-chamber tank, that a distribution box be con- 

structed, that 2000 feet of drain tile be installed according to the state 

health department bulletin (37), that the field be so located as to permit 

additional lines and extensions onto the installed lines for future enlarge- 

ment, and that holes through the clay be bored in the bottom of the ditches 

to increase the capacity of the field. The first three recommendations had 

been followed, but only 1000 feet of tile had been installed, and the holes 

had not been bored in the clay as recommended. Furthermore, the tile had 

not been laid in cinders or gravel and the distribution box had been con- 

structed nearly 6 feet in the ground, resulting in an excessively deep field. 

with excessive fall in the lines. 

In 1936 at which time the enrollment had increased to 350, another ad- 

dition was made to the school building. The septic-tank system, however, 

continued to function until 1939, when the enrollment had increased to 425 

pupils. These increases in enrollment were due to the consolidation of 

several smaller schools, which, by 1939, was nearly completed. Neverthe- 

less, another addition had been planned for the future, and the superintend- 

ent estimated the maximum enrollment at 600 pupils. While the location 

of this proposed addition had not been selected, it was thought probable 

that it would occupy the site of the existing septic tank. 

Inasmuch as the reconstruction of sewage-disposal systems at the schools
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in the county had been progressing satisfactorily under the W. P. A. 

projects, the school authorities agreed to start work on this project 

immediately upon completion of the Dumfries school disposal plent. In 

the design and relocation of the proposed system, the health department 

was requested to consider the addition contemplated, and consequently 

refrain from spending any large sum on relocation or reconstruction of 

the existing tank. 

This school is located on comparatively flat ground, and has a large 

playground and ball diamond immediately in back of it. As a result, no 

site for a sand filter was available, and it appeared that a subsurface=- 

purification field was the only type of secondary treatment suitable. 

However, in order to bring the drain tile nearer to the ground surface, 

it was necessary to raise the septic tank. Investigation showed that the 

sewer line could be raised to within 12 inches of the ground level, which 

would permit a shallow distribution box, and the consequent raising of the 

drain tile lines. Even so, sufficient head would not be available to per= 

mit use of a siphon for dosing the field. In order to determine the quan= 

tity of tile necessary, a percolation test was made in accordance with the 

recommendations of the New York State bulletin (38). Twenty minutes were 

required for the water in the hole to drop one inch, showing an allowable 

rate of application of 1.0 gallons per square foot per day. Since the 

school aid not have shower baths, a per capita water consumption of 10 gale 

lons per day was assumed. This rate applied to the expected 600-pupil en- 

rollment, resulted in an estimated daily flow of 6000 gallons and a total 

seepage area of 6000 square feet. The site available for this purification 

field would permit lines 175 feet long. By making the ditches 18 inches
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wide and 175 feet long, 23 lines were required. This site, which at its 

nearest point was 100 feet east of the well and about 4 feet lower, re- 

required extensive grading to accommodate the 23 lines. Nevertheless, no 

other site was available for this or any other type system, and it appeared 

necessary to proceed with the construction in accordance with the above 

design. 

The work was begun imuediately upon completion of the Duuitries ‘sehael: 

project. All of the old lines were removed, cleaned, and reused. After 

construction was started, it was discovered that a great many storm drains 

from the roof had been laid in the field at about the same elevation as 

that planned for the purification-field lines. Consequently, it was nec- 

essary to remove these and relocate them so as not to interfere with the 

new field. The sides of the septic tank were raised, resulting in a tenk 

13 feet long, 6 feet wide, and 8 fect deep. Of the 8 feet of depth, 6 feet 

10 inches was liquid and 1 foot 2 inches air space. The result ws a tank 

holding nearly 4000 gallons which, while not adequate for a school of 600 

pupils, was adequate for the enrollment at the time. Furthermore, the cost 

of this increase was not great and would result in very little loss, should 

the proposed addition be placed on the tank location, thus necessitating con- 

struction of a new tank. In addition, the raising of the tank was necessary 

to permit raising of the drain field. 

A distributing box was constructed with 30 outlets (Figure 5); 7 of 

these were plugged for future use, while the other 23 were connected with the 

lines of the drain field. Extreme care was exercised in constructing this 

box so that all lines were level. The inlet was placed near the end of the 

box where the outlets were connected to the upper lines, thus causing a
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slightly greater load on these lines; the theory being that these lines, 

lying at the top of the slope, will accommodate more liquid than those 

nearer the bottom. 

About 1000 cubic yards of earth were moved in regrading the field to 

permit the proper slope on the lines. The tile was layed in ditches 18 

inches wide and 6 feet apart, and to a grade of 1 inch in 25 feet. Four 

inches of cinders were placed under the tile and two inches over top. The 

holes recommended previously by the state health department representative 

were bored every 20 feet along the bottoms of the ditches and filled with 

cinders. Several of the upper lines required terrace boxes (Figure 6) to 

step dow a foot, so that proper grade could be maintained with an adequate 

earth backfill. This earth backfill varied from a minimum of 8 inches to a 

maximum of 20 inches. 

Most of the grading work was done by school maintenance organization 

under the direction of the supervisor of transportation, grounds, and build- 

ing maintenance. Equipment owned by this organization was used in the work, 

and is not included in the cost figures given below. With this exception, 

all of the work was done with labor provided by the W. P..A. sanitation pro- 

ject. All materials, tools, and equipment were purchased by the school 

board, and engineering supervision was furnished by the county health de- 

partment. 

Unfortunately, after the old drain tile had been removed and the septic 

tank raised, but before the distribution box was constructed, W%. P. A. 

authorities closed the project without notice. Although several of the new 

lines had been laid, the system could not be used until the distribution 

box was finished. Efforts to open the project were unsuccessful, and for a



  

Figure 6 = Occoquan school = use of 
terrace boxes in laying a subsurface 
purification field. 

90 

Figure 5 = Occoquan school = dis-= 
tributing box under constructione 
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time it appeared thet school would not be able to open. However, several 

days before school was scheduled to begin the fall term, the project was 

reopened. The distribution box was constructed and the forms removed in 

the Syst ng waters school started. The project then continued, uninter- 

rupted, and was comple ted seven months after it started. Exclusive of 

the grading, the completed project cost the school board approximately 

$700. No information is available on the labor cost. 

Water Supply Project 

From the results of the school sanitation survey conducted by the 

health department in 1938, it wes found that 63% of the children were at- 

tending schools which were provided with unsafe water supplies. Six of 

these schools had no water supply on the premises and were obtaining water 

from unprotected wells at nearby homes. The remaining schools had unpro- 

tected wells on the premises. Of the five schools with approved water sup- 

plies, three were connected to municipal systems which were assumed to be 

safe, inasmuch as they are approved by the state health department. The 

remaining three schools with epproved supplies had drilled wells, which, 

from inspection, appeared to be properly constructed. 

The school authorities were aware, at least to some extent, of the con- 

dition of these water supplies, since they had, from time to time, received 

bacteriological reports which showed more or less contamination. Efforts 

had been made to correct the condition of some of the wells by pumping out 

and cleaning. However, no repair or protection against surface contamination 

had been attempted. The original construction had been done by well diggers 

or drillers who, as a group, are notoriously opposed to any "“new-fangled" 

ideas in well construction. As a result, even though all of the wells had
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been satisfactorily located to eliminate drainage from toilets and septic- 

tank systems, they had not been sopitauetes to eliminate surface contam= 

ination. 

When the need for reconstruction of the unprotected water supplies was 

pointed out to the school superintendent, and a plan showing the methods of 

protection was discussed, he agreed to begin work on three dug wells which 

seemed to be most in need of protection. The total cost of this work was 

estimated, by the health department, to be $80. per well. Work was first 

begun on a well at the Woodbine school, located about 7 miles south of 

Manassas in the area of the pre-Cambrian crystalline formations with deep 

soil mantle (Figure 2). 

In order to correct this condition, the pump and concrete platform were 

removed, and an excavation made around the well about 2 feet wide and 10 

feet deep. Wooden forms were erected around the cutside of the terra-cotte 

pipe, and an 8-inch concrete easing poured to prevent the entrance of sur- 

face water through the terra-cotta joints. The excavated material was care- 

fully tamped back into the annular space between the concrete casing and 

the undisturbed earth. In this project, as in those described later, the 

tamping was so well done that all of the earth removed, and in one instance, 

more, was placed back into the annular space. This, notwithstanding the 

volume occupied by the 8-inch concrete casing. The reason is apparent when 

at te considered that a great part of the material excavated from around 

the casing represented earth which had originally been taken out when the 

well was first dug, and the backfill which was made at that time had not been 

properly compacted. 

The concrete casing which had been extended several inches above the
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ground surface was covered with 4 6-foot square concrete platform, about 

8 inches thick in the middle and 6 inches at the sides. A 24-inch square 

hole with a 2-inch shoulder, 2 inches thick around the four sides, was made 

in the middle of the platform to serve as a manhole. The manhole cover was 

made with flanged edges to fit over the shoulders like a shoe~box top, to 

prevent entrance of rain water. This cover contained a 6-inch wrought-iron 

sleeve in the middle to permit the pump instellation. The manhole cover 

was heavily reinforced, and the 6-inch sleeve fastened by four long bolts 

through it and into the concrete between the layers of reinforcing bars. 

To avoid purchasing a new pump, the split base was removed and a “sanitary 

pump base” installed. This type base is made to fit tightly against the 

pump and over the 6-inch casing, so that the sleeve carries the entire weight 

of the pump, pipe filled with water, and impact of pumping (Figure 7). Just 

before the pump was set, the water and inside of the terrecotta casing were 

thoroughly chlorinated. 

When the well was completed, the well at Bethel school was protected in 

the same way. This school is located about 14 miles southeast of Manassas, 

and in the same geologic section as Woodbine school, but is much nearer the 

Coastal Plain (Figure 2). 

The Occoquan school, located in the Coastal Plein, had two wells. 

Neither was properly protected and one, which was inside the basement, had 

been pumped so hard that a considerable amount of sand had been pumped from 

the bottom. As a result, the casing had dropped and it appeared that the 

well would cave in. It was, therefore, decided to abandon this well and to 

protect the other one in the same way as the wells at Woodbine and Bethel 

schools. The Occoquan school well did not have a hand pump; therefore, the
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Figure 7 = Protected dug well. Note use 
of “sanitary base" set on 

wrought iron sleeve,
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new manhole top was made solid. 

The work on these three wells was done during July, 1938, at a cost, 

for labor and materials, of $250. Before the work was done on the Wood- 

bine end Bethel wells, complaints of muddy and cloudy water had been ree 

esived, but after making the repairs, no more complaints signe registered. 

Although this work resulted in a considerable decrease in the volume of 

water in these two wells, they have since continued to give a sufficient 

supply. The Occoquan well, however, failed to provide enough water for the 

school, partly because of the elimination of surface water, and partly be- 

cause of the elimination of the other well. The digging of another well at 

this school is described below. 

) One month later, in August, 1938, a drilled well at the Haymarket high 

school was repaired. This well located in the Triassic area (Figure 2), was 

85 feet deep and cased with iron well casing. The depth of the casing was 

not imown and it is not probable that any grout had been poured around it. 

Nevertheless, it was not economically possible to remove the casing and make 

any repairs. For the same reason, it was impractical to dig around the well 

more than a few feet deep, because of the nearness of the rock strata £6 the 

surface. As a result, it was possible only to protect the well at the top, 

where rainwater and splashings were entering under the base. When originally 

constructed, the casing had been cut off even with the concrete platform, per- 

mitting water to enter the well from the top. An extension was put on the 

iron casing by casting it in a concrete block, and a sanitary pump base in- 

stalled. A concrete trough was also constructed to carry off the waste 

water from the pump. This work cost about $15. 

No more water supplies were reconstructed during the following school
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year, but in August, 1939, a drilled well at the Gainesville District 

school was protected. This school is located in the same geologic section 

as the Haymarket school. The well was drilled in 1935 when the school was 

constructed. The depth of the well is unkmow, but it is cased with 6inch 

Wrought-iron well casing, probably without grout backfill. However, since 

the well is located in the basement, protection of the top serves to pro- 

tect the well for several feet below the ground level. When the well was 

drilled and the electric deep=well pump set, the iron casing was cut off 

several inches above the floor level, thus preventing entrance of water 

which might flow on the floor. However, in an effort to set the pump on 

a low base, a piece of this casing had been cut out in order to accommodate 

the pump, thus permitting entrance of water and oil to the well. In making 

the repairs to this well the pump base was raised several inches and the 

casing cut off level, in order to permit the installation of a sanitary well 

cap. This cap is a fitting made to plug the annuler space between the drop 

pipe and the well casing. The cap is made in various sizes to fit sae two 

pipes, and is composed of two $-inch thick iron plates with a g-inch soft 

rubber gasket between. The two plates (with gasket between) are held to- 

gether with four bolts. When the ring is inserted in the annular space and 

the bolts drawn up, the rubber gasket is squeezed tight against the drop 

pipe and casing, making a watertight joint. The whole cap is in two semi- 

circular pieces to facilitate installation without removing the drop pipe. 

In addition, the cap is provided with a 3/8-inch air-vent hole which may be 

fitted with a 5/8-inch return bend, permitting air to enter the well and, 

at the same time, excluding dirt. By installing this sanitary well cap in 

drilled wells, the top of the well is sealed against foreign matter which
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may contaminate it. Exeept for the air vent (which could be plugged or 

raised above the motor), a well so protected will withstand flooding. 

Shortly after work was completed on this well at the Gainesville District 

school, @ drilled well at the Manassas Industrial school was repaired in 

the same manner. The approximate cost of protecting these two wells was $30. 

All of the preceding work on the water supplies at schools in Prince 

William County had been done with labor supplied through the building main- 

tenance organization of the county school system. For a total cost of $295, 

three dug wells and three drilled wells had wien reconstructed and pro- 

tected in accordance with the Virginia State Department of Health bulletins 

(63) (64). Thus, of the 22 schools in the county with unapproved water sup- 

plies in the spring of 1938, six had been protected and, therefore, ape 

proved by the spring of 1939. Of the remaining 16 schools, one had burned, 

and five had been consolidated during the same period. As a result, only 10 

schools remained with unapproved water supplies. 

In order to complete the work on these remaining supplies, at as little 

cost as possible to the county, the health department prepared a project 

proposal and estimate sheet to be submitted to the W. P. A. This proposed 

project was for the express purpose of, “Digging three wells and sani tating 

eleven wells at Public Schools in Prince William County." The three wells 

to be dug were: one at Cabin Branch school, where no well existed; one at 

the Cocoquan school, to augment the existing inadequate supply; ahdoone at 

the Dumfries school, where an inadequate supply necessitated a cross-con- 

nection. This cross-connection was between a safe drilled well and an un- 

safe dug well. The plumbing in the school was so arranged that the arillea 

well supplied the drinking fountains, and the unprotected dug well supplied
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the stools and other service fixtures. This cross-connection was pro- 

tected only by a gate-valve which was frequently opened by the janitor 

when the drilled well failed to provide sufficient drinking water. The 

completion of the work under this proposed project would provide, with 

one exception, approved drinking water to every school in the county. This 

one school was scheduled for closing and consolidation at an early date. 

This project included: digging three wells to an average estimated 

depth of 45 feet; excavating around three existing dug wells to a depth of 

12 feet, to climinate surface seepage; casing these six dug wells to a 

depth of 12 feet with concrete; casing four of these with terra-cotta cas- 

ing below this depth; installing hand or electric pumps with drop pipe, 

sucker rod, and foot valves; and all incidental form work, backfill, and 

excavation necessary to 4a satisfactory completion of the work. The mate- 

rial cost included all materials necessary for the work described above, 

including hand pumps, sanitary bases or sanitary well caps where needed, 

and pipe and fittings necessary to run water lines to the buildings. The 

estimated cost of this proposed project was $2,022, of which $1,027 was 

for labor and $995 for materials, supplies, and equipment. Of this total, 

it was proposed that the W. P. A. furnish all labor including supervision, 

and in addition, 22.6% of the cost of materials, supplies, and equipment. 

Consequently, it was proposed that $1,328, or 65.6% of the total cost be 

furnished from federal funds, and $695 or 34.4% from sponsors (Prince 

William County School Board) funds. This proposed project was submitted 

to the W. P. A. April 1, 1939 and was approved by that organization June 1, 

1939. It was, however, not released for operation until five months later. 

In the interim a severe shortage of water at the Dumfries school come
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pelled the school authorities to seek an additional supply. A well 303 

feet deep was drilled in the Quantico slate formation and approximately 

9 gallons per minute obtained. At the suggestion of the health depart- 

ment, the iron casing was driven into the rock and the annular space back- 

filled with cement grout. The casing was cout off several inches above 

the concrete floor and the pump°et with a sanitary well cap as described 

for the Gainesville District school. Successful completion of this well 

eliminated the need for the old drilled well and dug well with their in- 

sanitary cross-connection. As a result, these wells were abandoned and 

the new one used eawaieety. Consequently, the need for the proposed 

dug well at this school under the W. P. A. project was eliminated. Work 

on another well was started and completed before the well project opened. 

The drilled well at McCrae school which had been included in the project 

was reconstructed and protected by the school maintenance organization in 

the same way as the Haymarket high school well, previously described. 

Finally, the W. P. A. project was released for operation in November, 

1959, and work was started immediately on digging of the wells at Occoquan 

and Cabin Branch schools. ‘The well at Occoquan school was located at a 

point about 10 feet higher and 200 feet west of the septic tank and sub- 

surface-purification system previously described. The geologic strata 

existing in the vicinity of this school has also been discussed above. The 

well was started 5 feet in diameter and in a short time was dug to water 

bearing sand about 25 feet below ground level. It was apparent that this 

sand stele would have to be traversed in order to obtain a substantial 

footing for the well casing. A crib was constructed to curb the sides of 

the well and prevent caving. Digging was resumed in an effort to traverse
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the sand strate, but the results were unsatisfactory. The cribbing could 

not be driven down around the sides far enough to prevent the sand from 

rising inside with the inflowing water. Furthermore, the flow was in ex- 

cess of 6 gallons per minute and adequate pumping equipment was not avail- 

able. As a result, this method was abandoned and concrete well pipe three 

feet in diameter was inserted in the place of the cribbing. ‘The diggers 

worked inside of this casing, and as the sand was excavated the weizht of 

the pipe forced it dowmm. Finally clay was encountered and digging was 

stopped at the 55-foot depth. It was unfortunate that the digging was not 

completed without the concrete well pipe, because its use sealed the casing 

against the side walls. Consequently, the flow was diminished considerably. 

The original plan was to continue the five-foot diameter to the bottom of 

the well and backfill the space (near the bottom) between the wall and cas- 

ing with gravel, thus permitting free flow as well as additional storage. 

The concrete pipe was brought to within 12 feet of the ground surface 

and an 8-inch poured-concrete casing from there to the ground surface. The 

top of the well was finished in the same way as described for the other dug 

wells. Total cost to the school board was $147 for materials and $66 for 

labor. This figure does not include materials purchased by the W. P. A. 

under the terms of the project previously described, 

While the well at Occoquan produced so much vacter Sui itie construction 

that it could not be handled, the well which was dug at the Cabin Branch 

school produced almost no water. This school, located near Spiele 16. in- 

the area of pre-Cambrian formations and the Quantico slate outcroppings 

(Figure 2). The rock is relatively deep and contains some iron pyrities. 

This well, like the one at Occoquan, was started 5 feet in diameter. Very
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near to the surface, a soft grayish=-green soapstone was encountered which 

continued to, and beyond, the bottom of the finished well. Tendency of 

this material to slide out of the side walls in large pieces necessitated 

construction of a crib, from top to bottom, as the shaft was excavated. 

About 20 feet below the surface the shaft was made 44 feet square to fa- 

cilitate cribbing. The well was continued to a point 65 feet below the 

surface, and even though no more than small trickles of water were en- 

countered, digging was stopped, partly because the laborers objected to 

continuing, and partly because of lack of funds. The shaft was then cased 

to within 10 feet of the ground level with terra-cotta pipe, and the crib- 

bing removed. The annular space was backfilled with gravel several feet 

from the bottom and sand from there to the top. The top 10 feet of casing 

was constructed of poured concrete, the top protected like the other dug 

wells, and a hand-force pump installed. Even though no large vein of water 

was encountered the supply has been sufficient for approximately 100 child- 

ren. This well was located 100 feet from the nearest source of pollution, 

a pit privy. The well cost the county $171 for materials and $60 for labor. 

This did not include the cost of materials purchased by the W. P. A. The 

labor cost included an amount necessary to finish the well after funds from 

the W. P. Ae project were expended. This well was the last work completed 

under the project. 

In the meantime, the dug well at Summitt school (Figure 2) was protected 

with a concrete casing in the same way as the Woodbine and Bethel wells de- 

scribed above. The cost of this work was $60 for materials ($35 from the 

county and $25 for the W. P. he) ont $67 for W. P. A. labor. The total 

cost of $127 for this well under the W. P. A. project should be compared
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with the cost of $250 for three wells (Woodbine, Bethel, and Occoquan) pro- 

tected by the school maintenance organization, and described previously. 

During the same time, the four drilled wells included in the project were 

protected in the same way as the Haymarket high school well. This work cost 

$67 for materials ($47 for the county and $20 for W. P. A.) and $62 for 

W. P. A. labor. This cost of $128 for four wells, should also be compared 

_ with the $15 per well for Haymarket, Manassas Industrial, and Gainesville 

wells described above. 

The only remaining well to be protected; under the terms of the W. P. A. 

project, was a dug well at the Brentsville school. This school is located 

about five miles from Manassas in the area of Bull Run shale and Manassas 

sandstone (Figure 2). The well was dug more than 80 years ago and was over 

100 feet deep and 8 feet in diameter. The sides were walled with rock, and 

efforts to find laborers willing to enter the well and remove the rock wall 

were unsuccessful. As a result, no work was done on this well. 

Before the project was completed it was necessary for the school au- 

thorities to provide labor to finish both the Occoquan and the Cabin Branch 

wells, since all of the money allocated to the project by the W. P. A. was 

expended. The total cost of the project to the county was $390 for mate- 

rials and $126 for labor. Unfortunately, W. Pe A. expenditures were not 

available. 

The Manassas Industrial School Project 

The Manassas Industrial school is located near Manassas, in the Triassic 

area (Figure 2). It was founded in 1892 by Jennie Dean as a school for col- 

ored youth. It was operated by private interests until 1938 when it was pur- 

chased jointly by the school boards of Fairfax, Fauquier, and Prince William
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Counties. The school is now operated by these counties as a negro regional 

high school for Northern Virginia. 

The school property includes a 215-acre tract of land, a portion of 

which is farmed for instructional purposes, as well as the production of farm 

products. A dairy is operated in connection With the farm, and a large per- 

centage of the milk is shipped to the Alexandria market. Two dormitories, 

a faculty apartment building, the principal's home, a home economics train- 

ing cottage, a classroom and administration building, shops, and the farmer's 

home comprise the school plant (Appendix I). The girls' dormitory contains 

a dining hall and kitchen, and the shop building contains a laundry. 

When the health department made its first inspection of this school in 

1938, it was apparent that little attention was being given to sanitation. 

An unprotected drilled well was being used as a source of drinking-water 

supply. This water was being pumped to an open-top overhead tank to obtain 

storage and maintain pressure on the distribution system. The plumbing was 

in poor condition and few of the fixtures in the buildings operated properly. 

There had been considerable difficulty with stoppages in the sewer lines 

and since no manholes had been installed, cleaning was difficult. At one 

point in the sewerage system, a line had been plowed up and the sewage was 

sackaivice on to the surface of the ground. The sewage-disposal plant con- 

sisted of a brick tank (Figure 8) 12 feet long, 5 feet wide, and 5 feet 

deep, provided with a bar rack and course screen, each with one-inch open- 

ings. To this tank was attached a 3-foot square siphon chamber, the siphon 

having rusted off. The effluent line of this chamber ran along the brow of 

a hill and discharged upon the hillside through a series of tees spaced 6 

feet apart (Figure 9). ‘This effluent eventually found its way to a small
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Figure 8 = Manassas Industrial school = old sewage- 
disposal plant. Small siphon chamber 

in left foreground. 

  

Figure 9 = Manassas Industrial school = effluent 
from one discharge of old sewage~ 

disposal plant.
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creek at the bottom of the hill. (The writer has been told that this type 

of disposal plant was, at one time, in common use; sadevec. no reference to 

it has been found in the literature reviewed, some of which dated to the 

last quarter of the nineteenth century.) Such e disposal system was ob- 

viously insanitary, since no settling was provided and all of the solids were 

being deposited on the hillside. (Figure 9). 

These conditions were reported to the school superintendent with the 

recommendation that an entirely new sewerage system be constructed. No def- 

inite action was taken on this recommendation until the summer of 1939, when 

the school superintendent asked the health department to prepare plans, 

specifications, and a cost estimate for a W. P. A. project proposal. 

The estimated maximum future population of the school was 500 pupils 

(300 day students and 200 resident siadta: Assuming a daily sewage flow 

of 20 gallons per day pupil and 50 gallons per resident pupil, a total esti- 

mated future daily flow of 16,000 gallons was assumed. (It should be here 

noted that a proposed gymasium would provide showers for the day students. 

As a result, a flow of 20 gallons per day was assumed in accordance with the 

Virginia (37) bulletin.) Methods considered for primary tigate of the 

‘sewage were: a plain septic tank, an Imhoff tank, and a plain setnie tank 

with separate sludge digestion. Use of a plain settling tank requires in- 

stallation of mechani cal sludge-removal equipment and electric power line, 

and results in high operation and maintenance cost. On the other hand, a 

plain septic tank large enough to give adequate settling to 16,000 gallons 

per day costs nearly as much as an Imhoff tank, and produces a septic 

effluent which is difficult to stabilize. Consequently, it was decided to 

construct an Imhoff tank for settling and sludge digestion.
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For secondary treatment of the Imhoff effluent, a subsurface irrigation, 

open sand filters, and a trickling filter were considered, Inasmuch as the 

soil is a somewhat impervious clay, it wes manifest that subsurface irriga- 

tion for 16,000 gallons per day was impractical. No natural sand was avail- 

able for sand filters and the cost of purchasing filter sand was prohib- 

itive. On the other hand, a quarry from which a good grade of traprock «|. 

could be obtained was found about 10 miles from the site. Inquiry revealed 

that this rock, screened to suitable size, could be obtained and hauled to 

the site for less than $2.00 per ton. Accordingly, it was decided to con- 

struct a trickling filter for oxidation of the Imhoff-tank effluent. Con- 

sideration was next given to a method of applying the Imhoff-tenk effluent 

to the filter. The only methods gensidered were the fixed nozzle and the 

rotary distributor. The rotary distributor is now in more general use and 

has the advantage of giving more nearly complete and even coverage of the 

filter than does the fixed nozzle. However, the realtive cost of the ro- 

tary distributor for a small plant was too great to justify its use in the 

. light of its advanteges. Therefore, fixed nozzles, dosed by a siphon were 

considered more desirable. 

A site, chosen in the vicinity of the existing plant, was thought to 

be low enough to permit sewer connection to all buildings without pumping. 

The site itself, which was not suited to farming, provided sufficient head 

to operate the siphon and trickling filter. A stadia survey of the campus, 

including the proposed plant site, was made and from it a contour map of the 

area drawn. This confirmed the preliminary investigation and showed that 

ample fall could be obtained in all sewer lines. 

4A complete design was made and preliminary plans draw and subsequently
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submitted to the Bureau of Sanitary Engineering of the State Department of 

Health. In February, 1939, the final plans, specifications, cost estimate, 

and project proposal were submitted to the % P. A. In the middle of April, 

1959, after several revisions of the cost estimate, the W. P. A. approved 

the project. This approved project proposal, estimated the total cost of 

the project at $19,451, of which $10,308 was for labor and $9,143 for ma- 

terials, supplies, and equipment rental. Under the terms of the proposal, 

the W. P. A. was to supply all labor and a portion of the materials, or a 

total expenditure of $13,409 or 68.9% of the total. The sponsor's (School 

Boards of Prince William, Fairfax, and Fauquier Counties) contribution was 

to be $6,042 or 31.1% of the total, 

After notification of approval was received, the sponsor was notified 

by the W. P, A. that men were not available for operation of the project. 

However, after much discussion and many efforts on the part of the sponsor 

and the health department to reactivate the project, and after several 

"false alarms", work was scheduled to begin September 1, 1940. In the mean- 

time, the sponsor had agreed to provide funds for a construction supervisor 

(this item had been assigned to the W. P. A. in the approved proposal) and 

a qualified individual had been employed. Shortly eatous the project was 

scheduled to open, the W. P. A. informed the sponsor that no materials could 

be furnished. Under Sisie terms revised by the W. P. A., the sponsor did not 

consider it economical to operate the project, and decided to attempt some 

other method of financing the construction. Up to this point, considerable 

time and money in telephone calls and travel had been expended by the school 

authorities end health department in an effort to operate the project under 

the terms originally agreed to by the W. P. A.
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In the meantime, a N. Y. A. (National Youth Administration) Resident 

Project had been put into operation at the Manassas Industrial School. The 

object of this project was to give the unemployed and out-of-school colored 

youth of Virginia training and experience in various trades. For this pur- 

pose qualified colored youth from the state, desiring this training and ex- 

perience could be admitted to the school, to live and receive four hours of 

instruction and four hours of:work experience each day. Supervision of in- 

struction and work was under project supervisors employed by the N. Y. A. 

Materials, tools, and other facilities necessary for the work were furnished 

by the school authorities, and in return, the finished product became public 

property. The boys were required to pay for their board and room from their 

earnings which were paid by the N. Y. A. In an effort to provide some worth- 

while project for the N. Y. A. boys, and at the same time obtain a new sewer- 

age system, the school superintendent proposed this as a work project to the 

N.Y. A. authorities. He was informed that the sewerage project would be 

entirely suitable if the school authorities would provide all necessary ma- 

terials and equipment. 

The school superintendent asked the health department to prepare a new 

cost estimate. It was proposed that all items not essential to the satis~ 

factory operation of the system and all rental charges on equipment omed by 

the school be excluded. On the other hand, an amount for employment of a 

supervisor and skilled labor to assist in the difficult form work was to be 

included. Revision of the estimate eliminated dynamite for blasting, a 

dynamite magazine, a tool shed, and a fence. A sum charged to the W. P. A. 

project for engineering inspection service, which was to have been furnished 

by the health department, was eliminated. The final revised cost estimate
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for construction under the proposed N. Y. A. project was $5943, exclusive 

of labor and supervisory costs to be borne by the N. Y. A. 

A meeting was held with the Regional High School Board, a board com~ 

posed of the Superintendent of Schools and Chairman of the School Board 

from each of the three counties. The proposed project was outlined and the 

final cost estimate submitted. This board authorized the purchase of nec- 

essary materials, tools, and equipment, and proposed that the work be started 

aS soon as possible. 

Consequently, on October 15, 1940, excavation was started. When this 

had progressed far enough to permit placing of conerete forms, a contractor 

and skilled workmen were employed. Forms were built and placed, and re- 

inforcing steel was bent and placed, by these men under the direction of 

the county health engineer. After construction of the Imhoff tank, dosing 

tank, and filter tank, all work was carried on by the N. Y. A. boys and sup- 

ervisors under the direction of the county health engineer. 

Very few changes in the plans were made as construction progressed. 

At the request of the bricklaying instructor, the manholes were constructed 

of brick (Figure 10) to give the boys experience in bricklaying. One of the 

sewer lines was relocated to permit better covering of the line-and one bend 

was eliminated with the consequent elimination of a manhole. Concrete pipe 

in three-foot lengths was used for the sewer lines in place of the terra- 

cotta pipe shown in the plans. In order to reduce infiltration in these 

lines, an asphaltic pipe-jointing compound was substituted for cement, and 

square braided hemp for oakum. The braided hemp was selected beacause it is 

already formed and needs only to be caulked into the joint. Unskilled labor 

is able to make a more even-spaced joint with this material than with oakum.
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Figure 10 - Manassas Industrial school - 
manhole at inlet of Imhoff tank,
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Furthermore, the strands can be cut in exact lengths to fit around the joint, 

and no loose fibers exist to interfere with the final sealing by the joint- 

ing compound. “The asphaltic compound was purchased under the trade name of 

"Kalktite", and is said to contain a root poison, thus inhibiting root 

growths. 

‘Pinnmaets as @ lead-caulked joint in cast-iron pipe requires some skill 

and considerable effort to make it watertight, it was decided to use a sul- 

phur and send jointing compount. Therefore, a product sold by the name of 

“Hydrotite” was used for making joints in the cast-iron pipe, and square 

braided hemp was used with it. No noteworthy changés were made in the con- 

struction of any of the tanks. 

The manholes (mentioned above) were constructed by the N. Y. A. boys 

under the close supervision of the instructor. Most of the sewer lines, 

filter distribution system, and sludge line were laid and jointed by one of 

the N. Y. A. supervisors. Forming of the secondary settling tank and sludge- 

bed walls was done by another supervisor with the help of the boyse All 

labor, such as earth and rock excavation, pouring of concrete, building of 

the filter bed, and backfilling were performed by the N. Y. A. boys. 

Considerable difficulty was had with the tanks leaking after construction. 

They were designed to prevent small cracks which might have caused leaking, 

and all construction joints were sealed with a copper strip. On the other 

hand, haphazard loading of the concrete mixer resulted in great variations 

in the mixture which, with insufficient tamping, spbhinoed considerable honey- 

comb. However, after careful patching, the tanks filled up and ceased leak- 

ing. ; 

The Imhoff tank was put into operation at the opening of school in



112 

  

Figure 11 © Manassas Industrial school = sprinkling 
filter underdrainage system. Note covered 

concrete trough through center 
of filter. 

  

Figure 12 = Manassas Industrial school = sprinkling 

filter in operation. Note airevent wells on 
each side of filter which vent ends 

of concrete trough shown abovee
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September, 1941. Several months later the dosing tank and sprinkling 

filter were put into operation (Figure 12), and by April, 1942, the entire 

plant was in full operation. At this time, all sewage, excluding that from 

the principal's home and the faculty apartment building, ine being treated 

by the plant. Extensive reduction in the number of boys working on the pro- 

ject, as a result of the war effort, has necessitated postponement of the 

construction of the sewer lines to these two buildings. 

As with the W. P. A. projects previously discussed, no accurate in- 

formation concerning the cost of labor to the N. Y. A. is available for this 

project... There is, however, little doubt that the cost of labor was greater 

than had the system been constructed by a contracting firm. The cost to the 

sponsor has been $5900, of which $4088 was for materials, $330 for tools and 

equipment rental, $867 for skilled labor, and $615 for supervision. As pre- 

viously mentioned, the health department, through the county health engineer, 

furnished engineering service for the entire project. 

In order to present a more comprehensive picture of the plant design 

than has been possible in the above discourse, the completé design, cost 

estimate, and final cost data of the project follows. Plans and specifications 

prepared from this design are included in Appendix, ..



Design of 
Sewer Lines 

Design of 
Imhoff Tank 

Design Of 
Manassas Industrial School 

Sewerage System 

No calculations of sizes of sewer lines is necessary 

since it.is apparent that minimum sizes may be used. Six- 

inch sewers are to be used for all main lines and connections 

from buildings, except from homes where four-inch lines are 

permissible. Location of all lines to permit greater than 

minimum grades and maintain a velocity greater than 2 feet 

per second is possible. Manholes are to be placed at all 

intersections, bends, and changes of grade. No straight line 

will be as long as 200 feet making intermediate manholes un- 

necessary. As & safeguard to the water supply, since blast- 

ing in excavating for sewer lines may be necessary, all lines 

within 150 feet of the well shall be constructed of cast iron 

with leaded joints. 

Estimated maximum population: 300 day students 
200 resident students 

Expected daily flows 300 x 20 ® 6,000 
200 x 50 = 10,000 

16,000 GePede 

Sedimentation. chamber: assume 2 hour detention. 

16,000 - 
15 

Sludge storage: assume 2 cuft. per capita for actual population. 

1067 gepehe 2 x 1067 ® 2134 gals. = 284 cuft.   

2 x 500 5 1000 cuft.
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Scum volume: assume 1 cuft. per capita for actual population. 

1 x 500 = 500 cuft. 

Gas vent area: assume 30% of tank area to be minimum. 

Assume Imhoff tank as in Figure 13. Then, 

Settling capacity equals - 

lx 6a 14 = §4 eufs, 

4.83 x 3x14 = 203 

Totals: 2387 cuft. O. Ke 

Sludge storage equals <= 

  

14x 14x2x 0.33 = 131 cuft. 
14 x 14 x 4.5 = 880 

Total: 1011 cuft. Oe Ke 

Scum volume equals - 

2.07 x 3.53 x 14 = 96.5 cuft. 
4.83 x 7x14 = 420 

Total: 516.5 cuft. O. K. 

Gas we area equals - 

14 x7 = 98 sqft. 98 

ar = -50 = 50% QO. K. 
14x142196 sqft. 19° 

therefore, tank in Figure 13 meets all assumed requirements 

and will be used as a basis for concrete design. 

Design of Since the filter bed area needed is dependent upon the 
Sprinklin 
Filter at organic matter in the Imhoff tank effluent, the design will be 
Dosing Tank : 

based on 15,000 persons per acre per day on a bed 6 feet deep. 

(This is somewhat less than the rate recommended by Illinois (50) 

for municipal filters.) Imasmch as the day students will not 

contribute as much organic matter as the resident students, the
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total number of day students will be divided by 3. There- 

fore, a total population of 300 will be used in determining 

the filter area to be used. 

300 x 43,560 ; 
"Ie. 000 ™.. S71: egrt. 

The nozzle spacing and arrangement are to be taken from 

Pacific Flush Tank Company drawing No. l-F=306-C. This gives 

a 12 nozzle arrangement on a bed 37 feet by 254 feet = 945 sqft. 

The dosing tank used with this layout is to be taken from 

Pacific Flush Tank Company drawing No. 1-F-306. 

Design of distribution system: 

Assume line from dosing tank to sprinkling filter = 6 ft. 

HE CL (sote)2 * 0143 x6 x .04= .0344 ft. 

Number of laterals = 3 

Number of nozzles per lateral = 4 

h © CmP © .143 x 2.34 x .014 = .0046 feet 

00046 x 6 -0276 feet total for laterals. 

Loss in main 

H= cCMFN2 143 x 2 x .014 x 16 #® .048 feet 

Total losses in distribution system using 6 inch pipe 

00344 + .0046 + .048 = 11 feet SX: 

Design of Assume detention period of 1 hour. Sludge storage to be 
Secondary 

Tank 14 gallons per capita ® 750 gals. To be constructed similar 
  

in plan to septic tank. 

4 Sa = 667 gals = 89 cuft.
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Sludge 
Beds 
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Use 750 gallons for settling and 750 gallons for sludge 

storage = 1500 gallons * 200 cuft. Make tank rectangular in 

plan and the length at least twice the width. 

A total sludge bed ares of 300 sqft. will be constructed 

for the present school population. If additionsl area is re- 

quired at a later date, an additional bed may be added at 

that time..
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Cost Estimate of Manassas Industrial School Sewerage System 
  

Concrete 

Manholes 22 cubic yards 

Imhoff tank 45 

Dosing tank 1 

Sprinkling filter 77 

Secondary tank 6 

Sludge beds 6 

163 cuyds., say 165 cuyds. 

Cement - 165 x 6 = 990 sacks @ .60 * $594 

Sand ~ 165 x .675 = 112 tons @ 1.65 = 185 

Gravel - 165 x .960 = 159 tons @ 2,05 = 526 

Water + lump sum for pumping = _100 

$1205 

Reinforcing steel 

Manholes 2400 lbs. 

Imhoff tank 6287 

Dosing tank 889 

Sprinkling filter 7344 

Secondary tank 911 
  

17,831 los. @ .04 ® $714, 

Forms 

13,000 ft. BoM. @ .035 * $455 

Nails, wire, etc. = lump sum _50 

Total estimated cost concrete materials $2424 ,
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Disposal plant piping 

6" C.I. pipe - 333 ft. @ .65 

4" C.I. pipe ~- 20 ft. @ .38 

6" Gate valves - 5 each @ $30 

Mise. fittings - lump sum 

Lead and hemp - lump sum 

6" split tile - 170 ft. @ .30 

4" Field tile - 30 ft. @ .06 

Total estimated disposal plant piping cost 

Other plant costs 

Rock ballast - 300 tons @ $2.00 

Spray nozzles and fittings 

Sludge bed gwavel - 15 tons @ $2.05 

Sludge bed sand - 12 tons @ $1.65 

6" std. syphon 

Total estimated miscellaneous plant costs 

Total estimated cost of plant materials 

Sewer lines 

6" C.I. sewer pipe - 333 feet @ .65 

4" C.I. sewer pipe - 150 ft. @ .38 

6" T.C. sewer pipe - 1354 ft. @ .20 

Jointing compound and hemp 

Manhole covers - 7 each @ $7.00 

Total estimated sewer line costs 

9256. 

150. 

18. 

60. 

51. 

26 

$600, 

40. 

50. 

20. 

$545. 

$735. 

$3704, 

$2173 

57. 

270. 

190. 

49. 

$783.
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Miscellaneous costs 

Air compressor rental = $50, 

Concrete mixer rental - 83 hrs. @ 1.00= Oo. 

  

Supervision 4 months @ $150 = 600. 

Skilled labor for forms,etc. Lump sum = 500, 

Tools = 650. 

First aid and safety = 380. 

Contingencies = 143, 

Total estimated miscellaneous costs = $1456 

Total Estimated Cost of System $5943.



MANASSAS INDUSTRIAL SCHOOL 

Sewerage System 

Total Expenditures 

June 30, 1942 

Materials 

$55 ft. « 6" Crile. Xx S011 pipe @ DO a ko ucs cccdccecass ent 

150 Oe. ~ 4? Col, Se OUR OUOe © O50 te sic iccccccccssece Baan 
1354 Ft.- 6" cement pipe © 135dy...ccecccccccccscecccccces LOeeT9 
300 lbs.- MEU TOULNE Me i a 6 ehh so ib nb o0 ects s oeveceeens 50.00 

625 lbs.- MULL tn i i ooo e 68 b 6s Sack bcc ce cneebers 36.87 

109 lbs.=- braided hemp MEO aces shee cess Mevescesseece | Gale 

& box - dynami te © OR cs 6b Sobcene ke chess kececuey 4,25 

25 each = dynami te caps My COs ec cce cscs ss ses teseecseeue 10 

COO. TGs — 7 TNEG OD Cbs oe ic cca bes eecteeestebeseeccacs 1.00 

S000 ea.~ sdlmon DFIGES © O11.100.. ce vccccccccvcsccsccesece BbeOO 
z each = manhole COU 8 48S soc ccc ck veneccatebecece 51.98 

50 sks. = mortar © .50cecccccesccrscceccvessecvceserssees 20000 
50 sks. - cement @ POM ac ec ee eke eee vc el obs ce cee cece ie 19,50 

10,000 Ibe. ~ sand © 92.00 per ton. cs ecccccccccceccccvces (sae 
  

Total MARGOT IALB Ss os vet cose ss cect ec cvstes eee ceecescss $ 734.47 

Tools and Equipment 

LA. = "Hydrotite™ tools & total......ccccccccscosvcce$ Seeman 
1 each = caulking RPON 6 Goce: 6c ck CRE e be bh k ce eseecerie 25D 

  

Total TOO LBC osc c es os 0640 ccs sso oss cee ckeee cubes es $ 24.97 

Labor 
  

ES. - blasting GT GONEGs + 0 0 so 5 obec 6 oes ones ts ccesseseee 2.00 

Total TAGES 5 oo ccc cick cs eee eks cess s cnceeiccceecri 4 $ 2.00 

GRAND TOTAL SEWER EL IGo so os 6c cb Wh os 660.60 0:6 65.04 bo heee $ 761.44 

Sewage Disposal Plant 
  

Conorete Materials 

1168 sks.= cement @ OOS soe 6 00 cine es soe deb oo secs been ceee 664.67 

120 tons - concrete sand @ 1.65..cescccvccesccccessecesee 198.00 
180 tons - # 7 stone @ ee adie fick cab escaeeees 551.00 

8 tons <= comorete 2ravel @ 1625s... ces ccesaseescsrsccis 10,00
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1600 sq.ft. - 5/8" x 4' x 8' concrete form 
plywood @ ple ces cece cscs secese 176.00 

5365 1/3 ft BeMe = form lumber & 03 @eeeoesvsese089 212.96 

15285 lbs. = 18,000 p.s.i. ref. steel @ 0.02726.. 416.64 

375% Ibs. - nails ee oon cv ccs cic dos cs ccees 17.19 

WIPO 6 0 as ec cwsbeeeesectscccces 11.70 

Epil ~~ 8° capper GUN cc 6 hoes dec inec ks basses 30.60 
L.S. = materials for obtaining WAGCT civ ess cass 29.96 

7 sks. = keen cement @ PEE ec dee cctv are se eececce 14,00 

EeGs - materials for heating sand and stone..... 35420 

Total concrete MUGS OE Rs ici eset csccicsccceseven 2167.92 

Concrete Tools and Equipment 

84 hrs. ~ concrete mixer @ OO eae ese sess ce vee cee 84.00 

5 each 

2 each 

6 each 

- Tarpaulins @ 12.80... cceccccccccccvesess 64,00 
we steel brushes @ RP OE pe a «50 

ss rubbing bricks @ GOs 66 os cc hss ve se 6s ce 8.40 

43.8 gals. = gasoline @ Deke oc cc uu ive c sc csckc ee 7.99 

6 gals - oil @ OeGL cic sec cc tech ede. sare ce sss be se 4.90 

  

Total concrete tools and equipment...ecscecceseegS 169279 

Concrete Labor 

469 hrs. > carpenter @ We GO cece s <0 es ceseccuicees 281,40 

761 hrs. - carpenter helper @ 0.40. ccccccsccssess 304640 
766 hrs. = laborer @ Ole s s oe 6 as cose ct es cee és 229.80 

92 hrs. - mixer operator @ ese Seve ieeeccecees 36.80 

Total concrete BERGE s 6s 6b esas -505 0 bee sececesaune 852.40 

ee 

GRAND TOTAL = DUNCME URS shah tccaves ts cesdeecseueee $190.11 

Plant Piping Material 

555 ft. 
25 ft. = 

is. 

5 each 

- 6" Col. xx 8631 pipe @ Qoob os. icc se cnt 211.60 

4" Col. ax soil] pipe © 05542.....cc cece 8.55 
= @0il pine Ti Genre. 6. csccrcwe sce cehessee «61597 
~ 6" & 4" gate and shear valves...esseee-- 110.41 

275 lbs.- braided hemp & Lm oe eeepc es G5 cs kos cos 5059 

300 lbs.=- "Hydrotite" Ws aioe Foie e cba vind cee 30.00 

50 ft. ~ 4" drain ite Mg sic ds ie Ses cess ceo tece E50 

540 ft. - 3" channel tile @ B2f....ccccocccsesssee 28690 

Total plant piping mh DORAAIEs chic ics. casucccc ie 458.32
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Plant Piping Tools and Equipment 

LS. = "Hydro tite" tools $ TOCRS o6 wns 55 aca c4seee$ 24.31 

1 cache caulking THON BH bore ceding tices ss cecvss cee 255 

Total plant piping tools and OUI PMONG. 6. ccecccsced 24.96 

GRAND TOTAL PLANT Pe Side c vie veces scucue 483.28 

Other Plant Costs, Materials 

leach = 6" standard syphon......ccccccessccrceed- 40040 
13 edoh = S/UR norslen. Oe S182. 6 sie eiec csc cesses SO 
SOO tons = 22” stone © 1.90. .cscctbscsccescsccssce BOGSGF 
16 tons -- sludge bed stone © 1.925....seeecsesec0 350.80 
23 tons = sludge bed sand @ 1le25.cccccccccccesese 28076 
59 ft. BM- baffle boards cypress @ 207.00....eeee54 12.20 
leach = hose bIdd.. cece cece ercccccvereccccsese -95 

  

Total other plant costs, materials.ccccrcoccevesd 

Other Plant Costs, Tools 
  

2 each ~ potato hoes @ Des oe eines ca os nad 2.50 

3 each -— ballast forks @ Se DDescescsecesecvccevese 10.50 

  

Total other plant costs, TOOLS. cccccccsecescocceces 

Other Plant Costs, Labor 

Le S. = boring and tapping - pipe for nozzles....e$ 12.75 
  

Total other plant gosta, Labor. <scccsvccecveseseue 

GRAND PE os ok ok do's wee kd cb ods cocesannuee 

Miscellaneous Costs, Materials 

Le ae ~ HATOWAYC. esc 0 de oes ee ook 65 6 os vc ss tes ean e Te97 

Lee S. 88 EOMDOT « ocen.b oes he 6 cb a6 hee 6 65s 0s she clcs ce os 3.58 
  

Total Miscellaneous costs, materials....ccccccesceg 

Miscellaneous Costs, Tools 
  

2 GOO © OER EW WO is ik on ob 0 0 6 og creck cee sae 225 
13 each- R. R. picks Os oo ae aces ced cc access c's 14.25 

32 each= pick handles @ .36...ccccccccesccccecesee: 11.50 
17 each “long: handled shovels @ DeOlets cbs cscs es 25.00 

l each = 6" single TGs basses s ccccase's e@eveesees asco 

1 each ~ ad star Me occ eo bev lk ob estas se bcs 240 

715.82 

13.00 

12.75 

741.57 

11.55
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Le Se = miscellaneous WA Rick con ks cee cs deeet 2.93 

2 each = wheelbarrows © 18.00.cccceceseseccevsseee 36.00 
2 each — bush AxCSccccesccccsccvcveseccveverevbves 4.23 

1 each = sledge hammerececececcsserscccvevesssecce 1.35 
  

Total Miscellaneous Costs, Toole... .csecocececescse 98s165 

Miscellaneous Costs, Supervision 

4.11/12 mos. = supervision @ 125.00...-.cecceeesee$ 614,58 

Total Miscellaneous costs, ks 614.58 

Grand Total Miscellaneous Costs, Tools..ccccccceee$ 725029 

GRAND TOTAL COSTS SEWER LINES AND SEWERAGE DISPOSAL PLANT......$ 5899.69
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RECAPITULATION 
— ee me ce ee ee a cae 

Sewer Lines 

Materials $ 734.47 
Tools and Equipment 24.97 
Labor 2.00 

Sewage Disposal Plant 

Concrete 

Materials $ 2167.92 
Tools: and 

Equipment 169.79 
Labor 852.40 

Plant Pipin 
a eeriele $ 458.32 

Tools and 
Equipment 24.96 

Other Plant Costs 

Materials §: ‘715.82 
Tools and 

Equipment 13.00 
Labor le.to 

Miscellaneous Expenditures 
  

Summary 

Materials $ 11.55 
Tools and Equipment 97.16 
Supervision 614.58 

Grand Total 

Materials § 4088.08 
Tools and Equipment 329.88 
Supervision 614.58 
Labor 867.15 

§ 5899.69 

$5190.11 

485.28 

741.57 

$ 761.44 

$ 4414.96 

$ 723.29 

§ 5899.69
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Results of Program 

Upon completion of this school sanitation program for Prince William 

County, it should be noted that consolidation of schools has reduced the 

total to 20 (13 white and 7 colored) representing approximately 3200 pupils. 

Of these 20 schools, only two do not have safe excreta disposal and properly 

protected water supply. Of these two, Manley (colored) has no water supply 

on the premises, and Brentsville (white) has an unprotected dug well. This 

well which was scheduled for repair in the well project has hot yet been 

replaced by a safe drilled well. Both schools are scheduled for consolida- 

tion at an early date. 

Table 6 

Excreta Disposal and Water Supply 

At Schools in Prince William County 

Spring - 1942 

Approved Unapproved 
Construction Construction 
  

Schools connected to public sewer 3 0 

Schools with sewage disposal systems 5 0 

Schools with privies 12 0 

Schools connected to public water supply 3 0 

Schools with drilled wells 10 0 

Schools with dug wells 5 a 

Schools with no water supply on premises 0 1 

Table 6 should be compared with Table 4 to obtain a picture of the pro- 

gress of the program. While the sewage system at the Manassas Industrial 

School is not yet completed, that portion of the system serving the pupils
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is finished, and it is therefore considered here as an approved school 

system. 

Table 7 

Percentage of School Children Affected 

By Stated Sanitary Conditions 

At Prince William eciainty Schools 

Spring - 1942 

Percent- 
ages 

Children at schools with drinking-water 
source of unapproved construction 1.3% 

Children at schools with excreta disposal 
of unapproved construction o% 

Children at schools with both facilities 
of unapproved construction 0% 

Children at schools with both facilities 
of approved construction 98.7% 

Children at schools with one or both facilities 
of unapproved construction 1.3% 

This table should be compared with Table 5 which shows the conditions 

in the Spring of 1938. It can readily be seen that the schools are serving 

as better models for the homes. These improvements have cost the county 

approximately $8,266.
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Discussion of Program 

The Nokesville School Project 

Undoubtedly the success of the subsurface purification field in- 

stalled at the Nokesville School, was due to the use of dynamite for crack- 

ing the shale formation. This is an unorthodox procedure, since it un- 

doubtedly tends toward disposal of the septic-tank effluent, with little 

if any buritiestion. The danger, of course, is contamination of the ground 

water in the area, with the resultant contamination of a drinking-water 

supply. : 

Sewage disposal at this school presented a problem which arises not 

infrequently. The school was loogted on almost flat lend, with the septic 

tank at the lowest point. No fall was available for the use of a siphon, 

sand filter trench, or sand filter beds, and little space was available for 

@ suitable subsurface tile field. Nevertheless, the school building had 

been constructed on the site and it was essential that the sewage be dis- 

posed of. Furthermore, only a Limited sum of money was available. The 

health department, of course, would be held responsible for any failure 

which might result, and yet the department's reputation depended somewhat 

upon its ability to devise some method of sewage disposal for this school. 

Even this position would not, of course, justify the installation of 

& system which would contaminate a water supply. However, the shattering 

effect of dynamiting in soft rock extends only a comparatively short dis« 

tance. In this case, since the only well in the vicinity (the school well) 

was rather deep, and reputed to be properly cased, it was felt that the dy=- 

namiting would not effect it. Nine water samples collected over the period 

of four years since the completion of this project have shown no contamina- 

tion. It can therefore be assumed that no damage to the well has resulted.
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Operation of this plant since the installation, has been most satis- 

factory and no indication of the effluent appearing of top of the ground 

has been noted. Shortly after completion of the project, some shrubbery 

was plented on the field by some of the teachers. However, after explain- 

ing to the school authorities, the objections to this shrubbery, and the 

possibility that it might stop up the lines, it was removed and transplanted 

to another part of the school grounds. This incident may seem of little im- 

portance, but it serves to emphasize the need of careful supervision by the 

health department, of disposal plents after installation. 

The Dumfries School Project 

The conditions found at the Dumfries School, when the health department 

made its survey, serve to further emphasize the need for local health de- 

partments. The cooperation of the school authorities in every part of the 

program has proven their sincere desire to provide proper facilities at all 

schools. It is apparent, theretere: that they were illeadvised, or in some 

cases not advised at all in the problems of sanitation which arose prior to 

the advent of the health department. Obviously, no consideration was given 

to proper septic-tank location when the toilets of this school were put ini 

the basement. A complete lack of knowledge of the principles of hydraulics 

was shown when a portion of the subsurface tile was laid below the water 

table. Yet this installation was made under the supervision of the C. W. A. 

The school authorities were honest in their desire to construct an adequate 

sewage-disposal system, but they could not be expected to realize the in- 

adequacy of the design. 

This project also shows the advantages to be gained by the health de- 

partment's working closely with the school authorities during the planning
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and construction of new buildings. The school authorities are thereby 

relieved of most of the responsibility for the design and construction of 

the sewage-disposal intial 

The design and construction of this sand-filter system is considered 

by the writer as the high light of this program. So far as is known, no 

school in Virginia had a sand-filter system at the time of this construc- 

tion; and no comparable sand-filter plant was in operation in the state. 

The writer had had no experience in the design or construction of such a 

plant, and furthermore had never seen one in operation. This projeot was, 

therefore, largely experimental, i.e. so far as is possible when expend- 

iture of public funds makes it mandatory that the final outcome be success- 

ful. 

The design of the septic tank was, of course, routine and based upon 

an assumed daily per capita flow of 10 gallons. Recent measurements, howe- 

ever, have shown that the daily per capita flow is actually only slightly 

in excess of 5 gallons. The tank, therefore, provides almost 60 hours de- 

tention; 36 hours more than that recommended by most authorities, and 12 

hours less than that recommended by Lehmann and others (43) for a single- 

chamber tank. The effluent (from observation) appears to be high in settle- 

able solids, but there is no indication of short circuiting. Inasmuch as 

the tank was constructed without baffles or partition walls (except for the 

inlet and outlet tees) the condition of the effluent might, be interpreted 

to indicate insufficient retention, rather than a need for additional baf~ 

fles. This interpretation is based on the thought that baffles serve only 

to prevent short circuiting. The wisdom of these interpretations is doubt- 

ful, and further experimentation on these problems is indicated before def-
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inite conclusions can be drawn. The discrepancies of the various au- 

thoritiss on the quantity of sewage to be expected and the desirable re- 

tention period for a septic tank were discussed previously. 

The so-called "inverted siphon" in the effluent line is a potential 

source of trouble, but under the conditions no other suitable choice pre- 

sented itself, The absence of large solids in the effluent may prevent 

: stoppages. At this writing no difficulty has been encountered. 

As has previously been reported, the determination of size and number 

of sand pede for the filter was in accordance with recommendation of the 

Bureau of Sanitary Engineering of the Virginia State Department of Health (57). 

The basis for design, 100,000 gallons per acre per day, is calculated on 

quantity of sewage flow rather than the organic content. Sewage from a day 

school is, of course, different from that of a town or municipality. Assum- 

ing the sewage from three day-school pupils to be equal in organic content 

to that from one resident of a town, it would then be expected that the de- 

sign for this school should be ba a basis of 100 persons. If a figure of 

1500 persons per acre were used, as is indicated by the review of literature, 

1/15 acre or 2940 sqft. of sand filter area would be needed. This is more 

than two times the area actually provided, and from experience in the plant 

operation, would be much too large. Apparently day-school sewage cannot be 

considered to contain one-third the organic content of municipal sewage. 

Actual operation of the plant has shown that the area now provided is some- 

what too large for efficient operation. When two beds are dosed alternately, 

each is dosed only once a day, and when the same two beds are used for an 

entire year, cleaning is not necessary. Thus, we may assume that the sand 

used was not too fine. The effluent is clear and does not create a nuisance
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at the point of discharge. In fact, during a recent drought when the ditch 

into which the effluent discharges was dry, and the plant effluent was the 

only surface water, no nuisance developed. Following are the results of 

some bacteriological and chemical analyses on this plant: 

Table 8 

Sewage Samples Collected 

from 

Dumfries School Sand-Filter System 
  

  

  

  
  

Date Type Sewage MeP.N. Total Count pH 5 day 
per ml. per ml. BeO.D- 

Filter Influent ao ome <= 11&.0 
3/25/42 

Final Effluent 93 2800 -- 4.5 

Filter Influent 2300 15000 8.0 | 169.6 
5/31/42 

Final Effluent 5.6 2200 4.7 2.0 

-Pilter Influent 7500 40000 7.6 | 299.7 
4/17/42 

Final Effluent 460 610 54 2e7             
  

In each case, the final effluent was diluted with ground water, which 

almost constantly drains from the filter beds. The sample taken on March 31, 

represents a greater dilution than that on the other days. This explains the 

low pH. On a day when school was not in session and the beds had not been 

dosed for 24 hours, the plant effluent (substantially all ground water) had 

a pH of 4.7 The results show in Table 8 are from "grab" samples and may or 

may not be representative. Unfortunately, no raw sewage samples were obtain- 

able.
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There was nothing unusual in the design of the siphon chamber, ex- 

cept that no drain was provided, and the inlet enters through the bottom 

to permit flushing of the line when the beds are dosed. The drain was 

omitted partly to save the cost of a valve and partly to prevent by-pass-~ 

ing, as a convenient and easy means of operation. It was not long, how- 

ever, before it was found that this omission was a mistake; for constant 

attention is necessary during the summer to prevent mosquito breeding. The 

inlet location, while serving the intended purpose, has its disadvantage 

also. During winter week-ends or holidays when the plant is not in use, 

ice forms on the surface of the liquid. Then, when operation is resumed, 

the incoming septic-tank effluent enters at the bottom and increases the 

pressure below the ice sheet. This forces air out of the siphon bell, and 

liquid finally seeps through the siphon, causing it to leak. Consequently, 

the siphon refuses to trip, and leaks as fast as the water enters the cham- 

ber. The only remedy is to empty the tank, fill the siphons, and start 

over again. It is planned +o bank earth around the tank and cover it so 

that it will not freeze. It is hoped that this will solve the problem. 

No other problems have been encountered during the three seasons of 

operation. Odors have been negligible and ‘ie compleints of any kind have 

been registered. Maintenance, however, is necessary to assure efficient 

operation, and complete cleaning of the plant is necessary in the spring 

and fall, in order to maintain a well-kept appearance. Frequent removal of 

grass from the sand beds and mowing of the banks and surrounding area is re- 

required. If the beds are scraped and leveled before school opens in the 

fall they need no more attention during the year, except for grass removal 

previously mentioned. There is no doubt that this type of secondary treat-
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ment is ideally suited to schools, where a suitable site and maintenance 

services are available. With proper operation, the life of the plant is 

unlimited. Furthermore, purification is controllable, and if necessary 

sterilization may be obtained by chlorination. 

The Occoquan School Project 
  

The history of sewage disposal at the Occoquan school, as with the 

Nokesville and Dumfries schools, serves to emphasize the value of a health 

department with resident engineering service. Even with pre-construction 

advice from the state health department staff, adequate supervision and en- 

gineering inspection service was not available, and the recommendations 

were not completely carried out; in fact the more important recommendations 

were neglected. 

Little discussion of this project is necessary, ee construction 

of the field followed, more or less, the design for the Nokesville school 

project. In general, the field was located and laid out in accordance with 

the previously mentioned recommendations of the state health department 

representative. 

The only innovation in this project was the boring of holes through the 

impervious clay. This, of course, is opposed to the previously stated prin- 

ciples of purification, and definitely resulted in the contamination of the 

ground water. However, the flow of the ground water was from the school 

wells to the subsurface-purification field. Furthermore, there were no 

existing or proposed wells for at least a mile in the Aivaiticn of the 

ground-water flow. Experiments by Stiles and others (2) indicated that . 

pollution would probably not travel with the ground water as far as 4 mile, 

and would not travel at all against the flow. It therefore, seemed safe to
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dispose of the septic-tank effluent in this manner. The possibility that 

excessive pumping of the wells might adversely alter the local ground-water 

flow was dismissed as highly improbable. However, in the light of subse= 

quent experience, this possibility will be discussed under another heading 

of this section. 

The distribution box, with 30 outlets was rather large, and it is 

probable that a more satisfactory srrangement could have been had by using 

three boxes instead of one, However, there has been no difficulty with the 

present system and observation has shown the discharge to be fairly evenly 

divided. 

Water Supply Project 

The water supplics at schools in Prince William County were repaired 

and protected in an effort to provide dciaeing water, free from fecal con- 

tamination. The reason is manifest. The important consideration is, whether 

or not the procedure was successful. No unquestionable criterion for measur- 

ing the results obtained, is immediately available. The density of coliform 

organisms is, of course, used as a measure for contamination of drinking 

water. This density is usually measured in terms of the M.P.N. (Most Prob- 

able Numbers). The arithmetric mean of the M.P.N. of all samples taken 

from a well before repair, compared with the same result after repair, may 

give some indication of the success of this work. However, the small number 

of samples taken from most of the wells before repair, permit variations of 

weather and other factors to have undue influences on the results. One other 

factor has had considerable bearing on the results: at times, repairs to 

the pumps have been made by the maintenance crew without notifying the. 

health department. As a result, new pipe was installed without the wells'
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being sterilized. Samples taken immediately after such an incident would 

probably show excessive contamination. Nevertheless, Table 9 is included 

for whatever value it may have. The M.P.N. values used in compiling this 

table were calculated by the formulae and tables of Hoskins (65), from 

laboratory reports of the state health department. This laboratory runs 

routine dilutions of water samples as follows: 4 = 10 ml portions, 

1 = 1.0 ml portion, and 1 = 0.1 ml portion. Samples collected are mailed 

to the laboratory uniced, and thus may incubate an average of 18 hours 

before innoculation. Since reports which are either all positive or all 

negative in the dilutions planted would have indeterminable M.P.N. values, 

a statistically correct study of the results is impossible. However, for 

this purpose, a sample completely negative is given an M. P. Ne value of 

zero, and one completely positive is assigned a value of 2400. This is on 

the assumption that larger portions would also be negative or in the case 

of the positive sample that the 0.01 ml portion would be negative.
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Table 9 

Average M.P.N. per 100 ml. of Water Samples 

Collected at Schools Before and After Repair of Wells 
  

  

  

          
  

  

  

Type of Before repair After repair 
Neme of School Well No. of MPN. No. of MOP.N. 

Samples Average Samples Average 

Aden Drilled 3 0 2 0 
Antioch ” Z 0 5 0 
Brown . 3 0 3 0.9 
Gainesville Dist. . 4 7.8 18 46 
Greenwich . 2 0 6 0 
Haymarket High , 2 0 15 542 
Kettle Run ” 2 3.2 School closed 
Manley ” 1 240. No samples 
Manassas Ind. 2 4 610. 10 1.3 
McCrae . 3 300. 4 1.4 
Thornton " 1 0 School closed 
Nokesville " 10 0 No repair necessary 
Bethel Dug 4 9.9 13 | 390. 
Brentsville " 4 5.7 Not yet repaired 
Cherry Hill . ‘ 0 School closed 
Forest Hill ™ 1 0 School closed 
Occoquan © (ae) 6 12, 26 500. 
Sumni tt " 5 10. 5 0 
Woodbine : 3 85. 6 41. 
Dumfries Dug & Dril] 4 600. Wells not in use 
Dumfries Drilled ose vee i 1.6 
Cabin Branch Dug no ~ee ll 28. 

(a) Before repair included 2 dug wells Nos. 1 and 2 
After repair includes 2 dug wells Nos. 2 and 3 
No. 1 well was abandoned. 

acpart of the project. 
No. 3 well was dug as 
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From a study of Table $ it is seen that, of 12 water supplies which 

have continued in use, 5 have higher M.P.N. values since repair, 4 have 

lower, and 3 remained the same. Of the 12 repaired supplies, only 8 have 

less than two coliform organisms per 100 ml. (the maximam permitted for 

potable water), and of these, 3 were negative before repair and have re= 

mained so sincee It is interesting to note that only one supply (Sumitt 

school) improved to a negative result, after having been positive before 

repair. In general, the drilled wells showed greater improvement, there 

being two (McCrae and Manassas Industrial schools) which improved from 800 

and 610 to 1.4 and 1.3 respectively. On the other hand, two dug-well 

supplies (Bethel and Occoquan) increased their M.P.N. value from 9.9 and 

12. to 390 and 500 respectively. 

As previously stated, the small number of samples taken from the 

wells before repair, permit variable factors to have undue influence. Con- 

sequently, the figures before and after may not be comparable. However, 

the M.P.N. of the supplies after repair should represent the present con- 

dition of the water. In order to present 4 reasonably accurate picture of 

the present condition of the school water supplies, Table 10 has been com= 

piled. This table is based on samples collected during the year July 1941 

through June 1942 and gives the average M.P.N., as well as the percentage 

of positive 10 ml portions. Only those schools with ground-water supplies 

of approved construction are included in the table.
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Table 10 

Results of Water Samples Collected At 

Schools in Prince William County 

From July 1941 through June 1942 
  

  

Type of No. of Average % of 10 ml 
School well samples MPN. portions positive 

Aden Drilled 2 0 0 
Antioch " 3 0 0 
Brown x 2 0 0 
Dumfries “i 7 0 0 
Gainesville " 32 25 29 (a) 
Greenwich . 3 0 0 
Haymarket r 8 1.6 9.4 
Manassas Ind. . 8 0.8 6.3 
MeCrae 0g 2 2.8 25 
Nokesville ie 6 0 0 
Bethel Dug 5 480 30 (b) 
Occoquan . 20 400 59 (c) 
Sumnitt , 5 0 0 

Woodbine , 3 0 0. 
Cabin Branch . 7 42 43 (da)           

(a) Also 8.3 % of 1.0 ml portions and none of the 0.1 ml portion 
(b) Also 20% of 1.0 m 

0 

aE 

1 portion and 20% of 0.1 ml portion 
ml portion and 15% of 0.1 ml portions 
O ml portions and none of the 0.1 ml portions 

(c) Also 30% of 1. 
(d) Also 14.3% of ® 
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Of the 15 sehool supplies included in Table 10, 5 (3 dug and 2 

drilled) have showm contamination in excess of the Treasury Department 

standards (maximum of 10% of the 10.0 ml portions positive). Comparing 

Table 10 with Table 9, reveals that the Haymarket high school well has 

shown an improvement during the past year. This is attributed to the more 

careful sterilization of the well after minor repairs. On the other hand, 

MeCrae school well has had a slight increase in the number of coliform 

organisms. It is possible that too few samples have been taken from this 

supply during the year. Of the two samples collected at this school, each 

had only 3 = 10 ml portion positive. 

Assuming that the results from the McCrae school well can be satis-~ 

factorily explained in this manner, what then of the other 4 supplies show- 

ing excessive contamination? The Gainesville District school well was pro- 

tected at the top but there is no certainty that the casing was properly 

installed. It is probable that no grout backfill or seal was made around 

the casing, and it is therefore possible that surface water is entering the 

well below the bottom of the casing. Assuming this to be true, the ex- 

cessive contamination of all the drilled wells can be explained. An ex- 

planation of the reason for the contamination of the three dug-well sup- 

plies is not so readily forthcoming. Is it possible that heavy pumping of 

the wells at Occoquan school has drawn back some of the polluted ground 

water from the septic-tank field? In an effort to find the answer to this 

question, a detailed study of the two wells was made during April and May 

1942, The water piping was arranged so that samples could be taken from 

either well and at the same time a sample of the mixture of water from both 

wells. Nine sets of samples were taken over a period of four weeks. Table
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11 shows the jawed. The old well is nearest the septic-tank field and 

was protected by a 12 foot concrete casing as described previously. The 

new well was dug under health department supervision and protected by 4 

12 foot poured concrete casing also previously described. 

Table 11 

Study of Occoquan Wells 

  

  

Place of Average M.P.N. Percentage of 
sample colleétion per 100 ml. positive 10 ml. portions 

Old well ie 58, 

New well ee 18.6 

Mixture ; 6.9 47.           

It was unfortunate that during this study the mixed sample with the 

highest contamination had a M.P.N. of only 13, whereas some previous 

samples had shown a M.P.N. of 2400. This study, therefore, cannot be con- 

sidered to show the source of the contamination. These studies should be 

continued until they cover a period of excessive contamination. This is 

especially true since there are many potential contributory factors. The 

tops are not locked, and irresponsible persons have, on several odeaiieud. 

measured the depth of water in the wells with unsterilized tools. As with 

some of the other wells, work has been done by the maintenance crew with- 

out subsequent gteriltketi on, It can therefore be said that, further inves- 

tigation is necessary before conclusive proof of the source of the excessive 

contamination can be determined. Nevertheless, neither well will meet the 

Treasury Department standards for a drinking-water supply. 

The Bethel school well, which has a slightly higher M.P.N. value than
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the Occoquan wells, was protected in the same way as the Summitt and old 

Occoquan wells. No change has been made in the location of the privies 

and there is no other possible source of pollution for at least one-half 

mile. The privies, which had been in the ws location several years be- 

fore the well was repaired, are more than 100 feet from the well and below 

the well elevation at the surface. Nothing is known of the direction of 

underground-water flow but shee like been no increase in attendance at the 

school, ana the well is not iain heavily. No factor which might explain 

the contamination of this well has been disclosed. This is also true of the 

Cabin Branch well, which was constructed with a water-tight casing twelve 

feet below the ground surface. It is apparent that physical protection of 

ground-water supplies does not assure a bacteriologically seni ene drink= 

ing water. 

The Manassas Industrial School Project 

The estimate of the sewage flow at the Manassas Industrial school was 

made without benefit of actual measurement of the water consumption. The 

assumed daily per capita flow of 20 gallons for day pupils and 50 gallons 

for resident pupils are the lowest figures which may be used in the light 

of the review of literature. In fact, the figure for resident pupils is 

less than that suggested by the authorities reviewed. 

During construction of the plant, facilities were made available for 

measuring the a viaxl water consumption. During a 70 day period, the actual 

average daily consumption was 7500 gallons, at which time the estimated 

maximum future population had been reached. Daily and hourly consumption 

records were kept for the first two weeks, when the average daily con- 

sumption was 5400 gallons. No explanation for the variation is discerneble.
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During this 14 day period, there were 10 school days when 62,000 gallons 

of water were used, an average of 6200 gallons per day. Of this total con- 

sumption, 30,000 gallons were used during school hours and 32,000 gallons 

during out-of-school hours. With 500 pupils present during the school day, 

the day-pupil consumption was 6 gallons per day. During out-of-school hours 

200 pupils were present making a daily consumption of 16 gallons plus 6, or 

22 gallons per day per resident pupil. Inasmuch as the 70 day average was 

40% greater than the 14 day average, these daily consumption rates should be 

increased proportionally. Then, the rates are: 8% gallons per day for day 

oubete and 51 gallons per day for resident pupils. These results indicate 

that the design flows (20 gallons per day for day-pupils and 50 gallons per 

day for resident pupils) are somewhat excessive. It should be remembered, 

however, that the day-pupil consumption was based upon the future construction 

of a gymnasium. 

During the two-week period when daily and some hourly records were made, 

water consumption was greatest during the morning period (8 a.m. to 1 p.m.). 

The greatest hourly flow recorded was 552 gallons per hour or at the rit of 

15,277 gallons per day. It should be noted that this maximum hourly flow is 

nearly one-half that assumed for the design. 

In the design of the Imhoff tank little discussion is necessary, since 

it follows closely standard design as outlined in the review of literature, 

Operation of the tank has been satisfactory during the eight months past, 

considering the fact that it is still "green" since no digested sludge has 

been added to "ripen" it. 

The sprinkling-filter design deviates somewhat from the review of lite 

erature in that the area was determined from the contributory population
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rather than the sewage flow. This principle has been discussed in some 

detail in connection with the Dumfries school sand-filter system. The 

basis for design (15,000 persons per acre) is a specification of the Bureau 

of Sanitary Engineering; as is the assumption that three day students will 

contribute organic matter equivalent to one resident student. This design 

will provide filter area at the rate of 740,000 gallons per acre per day or 

125,000 gallons per acre per foot depth per day. These rates are well be- 

low those recommended for institutional installations by the authorities re- 

viewed. 

Partial ventilation of the bottom of the filter is provided by the 

Wells at either end of the collecting trough (Figure 12). Complete ventil- 

ation, as discussed previously, while desirable, adds considerably to the 

cost of the plant. A shearegate valve placed in one well permits flooding 

of the bed, if the Psychoda alternata makes it desirable. Chlorination of 

the final effluent is not contemplated but may be included at a later date 

if necessary. 

The actual cost of the project was in line with the cost estimate. 

Somewhat more cement was used than estimated since concrete mixing ae diffi- 

cult to control. The N. Y. A. labor was axivemeiy eateldss in proportioning 

the materials for the concrete, with the result that a poor mix was obtained 

and additional cement used. This, with poor tamping when the concrete was 

placed in the forms, explains the difficulty with leaks in the tanks. 

The plant has not been in operation long enough to be providing maxi- 

mum purification. However, Table 12 gives the results of some "grab" 

samples from several points at the plant. Shown also, are the results of 

analyses of the stream above and below the plant. These samples were taken
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When the effluent was entering the stream. 

Table 12 

Results of Sewage Samples Collected At 

Manassas Industrial School 

  

  

  

  

    

Date Point of Coliform Total 

1942 Collection M.PeN. Count pH B.O.D. | D0. Temp. 
per ml. ‘per ml. Seday When run 

Raw 43,000 90,000 9.5% | 771.0 
Filter Inf.. 9,300 64,000 Te4 339.0 

4/9 Filter Eff. 46,000 173,000 7.8 90.0 
Final Eff. 24,000 143,000 7.6 114.0 
Stream above 39 1,356 7.0 2.6 15.4 9° ¢ 
Stream below 230 5.200. | ‘72 16.2 14.0 9° ¢ 
Raw 4,300 160,000 7.8 388.5 
Filter Inf. 46,000 150,000 7.4 274.5 

4/17 Filter Eff. 15,000 98,000 7.8 178.7 
Final Eff. 7,500 140,000 78 78.8 
Stream above 9.1 1,200 | 8.2 2.5 |14.0 | 182° ¢ 
Stream below 36 4,000 | 8.4 5.9 11.9 184° ¢ 
Raw 7,500 900,000 5.6% | 055.0%* 
Filter Inf. 24,000 370,000 7.6 238.5 

4/28 Filter Eff. 4,300 320,000 7.8 128.7 
Finel Eff. 15,000 380,000 7.8 71.1 
Stream above 3.8 370 | 84 1.8 15.25 | 185° ¢ 
Stream below 150 3,800 7.6 $.2 11.95 | 162° ¢             
  

* or more 

** estimated 
Samples from the stream below plant outlet were Note; 

taken at a point approximately 300 fect downstream. 
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Conclusions 

1. Prince William County, a rural Virginia county with a taxable in- 

come somewhat below the average for the state and with comparable expendi- 

tures for operation of its school system, has in four years been able to 

correct anply all of the construction faults in its school water supplies 

and sewage-disposal plants. Money for this work has been made available, 

without sacrifice of funds for teacher's salaries, by efficient operation 

of the transportation and building maintenance organization. 

2. In order that school children may be priviledged to attend schools 

with proper sanitation facilities; that these facilities may be most econom- 

ically and efficiently constructed; that the school authorities mey be re- 

lieved of the responsibilities attendant; and that technical operational 

supervision may be had, it is essential that a county be provided with a 

health department with resident engineering service, 

3. Economic and political considerations Prisdatty co-act to age- 

gravate already difficult technical problems of sewage disposal, sometimes 

necessitating a departure from the authoritative solution. 

4. It is doubtful that rural school children use the quantity of water 

usually considered proper for design data. Somewhere between one-half and 

three-fourths this amount is more nearly in line with the actual consumption. 

5. Further experimentation on the capacity and fittings of septic tanks 

should be carried on. 

6. The open intermittant sand filter is ideally suited for secondary 

treatment of sewage, at a school where a suitable site and maintenance serv- 

ices are available. Other factors being equal, this type of treatment is 

precedent to the subsurface-irrigation system. 

7. Physical protection of ground-water supplies in accordance with
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prescribed principles, does not insure a bacteriologically acceptable 

drinking water. 

8. While grants of funds and labor by the W. P, A. and the N. Y. A. 

were, in no small measure, instrumental in attaining the results described; 

the total cost when these grants were used was excessive.
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Summary 

A comprehensive review of the available literature on school and 

institutional water supplies and sewage-disposal systems has been given. 

Pertinant points have been discussed and compared with contemporary authori- 

ties, and efforts made to bring out the need for further studies on certain 

design data. 

A four-year program of school water-supply and sewage-disposal im- 

provement in Prince William County has been described and discussed in 

detail. The economic and political status of the County, the school system, 

and the health department, in addition to geological data on the county has 

peen outlined. Results of a sanitation survey of the schools in the county 

have been noted and discussed. Each project, making up the entire program, 

has been described technically and economically. The design, plans, speci- 

fications, and cost estimate of the largest project have been included. The 

' entire program has been discussed and certain economic, political, and tech- 

nical conclusions have been drawn.
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Appendix I 

SPECIFICATIONS PERTAINING TO WORKMANSHIP, CONSTRUCTION, AND MATERIALS 
FOR A SEWERAGE SYSTEM AT THE MANASSAS INDUSTRIAL SCHOOL 

GENERAL 

Ae The work herein described consists of sewer lines, sewage-disposal plant, 

and all appurtenance or attachments thereto, to be gonstructed at the Manassas 

Industrial School, located oak the Town of Manassas, in Prince William County, 

Virginia. The plans comprise four sheets, each entitled SEWERAGE SYSTEM, 

MANASSAS INDUSTRIAL SCHOOL, and numbered 1504031 rev, 1304032 rev, 1304033 A, 

1304034, 

B. Whenever the following words and expressions, or pronouns used in their 

stead, occur in these specifications, they shall have the meanings here given: 

The word “ower” as used herein shall refer to the school boards of the 

Counties of Fairfax, Prince William, & Fauquier, acting jointly through the 

Regional High School Board or any other board or person delegatéd with the 

power to act for the school boards of the above mentioned counties in matters 

pertaining to the Menassas Industrial School. 

The word "supervisor" as used herein shall refer to that person em- 

ployed for the purpose of supervising the construction of this project. It 

may also refer to any other person to whom specific duties have been delegated 

such as timekeeper, foreman, etc. When the word "supervisor" is used, it 

shall refer to the above mentioned persons without consideration of the source 

of their wages or salary. 

The word “purchaser"™ shall mean: the person, board, or organization, which 

has agreed to purchase materials for this project and specifically refers to 

the owner. 

The word “Engineer" shall mean the engineer of the Prince William County 

Health Department.
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Whenever in the specifications the words "as directed", "as required", 

"as permitted", or words of like effect are used, it shall be understood 

that the direction, requirement, or permission of the Engineer is intended; 

similarly, the words "approved", satisfactory" or words of like import 

shall mean approved by, or acceptable or satisfactory to the Engineer. 

Ce These Specifications and accompanying eV eden intended to cooperate, 

to be explanatory to each other, and to require and include all work and 

material necessary and proper to the contemplated. Any matter or thing 

shown by one and not by the other shall be of the same effect as if contained 

in or shown by both and shall be performed; and if by inadvertence, or other- 

Wise, the plans or specifications omit to require some work or material nec- 

_ essary for that purpose, the work or material shall be performed or provided 

so that the work may be complete according to the true intent and purpose of 

the plans and specifications. 

D. All the work shall be done to the satisfaction of the Engineer, who shall 

determine all questions respecting the true construction or meaning of the 

plans and specifications. All material furnished will be subject to rigid 

inspection by the Engineer, and any materials condemned or rejected as not 

conforming to these specifications shall be removed at once. Any materials 

or work that does not conform to Ehsige aposd Piatt eui: accepted through over- 

sight, may be rejected at any stage of the work, and it shall be removed and 

replaced in such a manner as to conform to the spirit of the spécifications. 

Failure or neglect on the part of the ingineer to condemn or reject bad or 

inferior work or materials, shall not be construed to imply acceptance of 

such work or materials. 

E. A sanitary privy, or privies, shall be constructed where needed for
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laborers on the work, and the use of such conveniences shall be strictly 

enforced. Such conveniences shall be located, constructéd, and maintained 

subject to the approval of the Engineer, provided that no directions shall 

be given by the Engineer in the matter which would cause the conveniences 

to be located, constructed, or maintained in any manner contrary to the 

rules or desires of the Prince William County Health Department. 

F. All lines and grades will be given by the Engineer, but material and 

labor shall be furnished as required by him for this purpose. 

Ge The Engineer may, if authorized by the owner, order extra work or make 

changes or alternations, adding to or deducting from the work. All such 

work shall be executed in a workman-like manner and shall be made to conform 

with the rest of the work, the same as if the change had been recorded in 

the plans and specifications. 

H. The supervisor shall be responsible for the preparation of the payrolls, 

progress reports, contributions, and such other reports as may be required 

by the National Youth Administration. 

The supervisor shall be responsible for the proper operation of the pro- 

ject and shall cause the work to be done in a workman-like manner and in 

accordance with the true intent of the plans and specifications. He shall 

be responsible for the erection and maintenance of barricades, red lanterns, 

and danger signals as may be required by law or for thé reasonably safe op- 

eration of the project. He shall take all reasonable precautions to pro- 

tect the workmen from injury. 

The supervisor shall notify the purchaser when and what time the various 

materials are needed on the job and shall keep a record of the kind and 

amount of all materials delivered. It shall be the responsibility of the
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supervisor to store all materials in a manner as to adequately protect 

them against damage, loss or deterioration dus <0 conditions of the weather, 

or any other cause. 

When requested by the supervisor, it shall be the responsibility of the 

owner to furnish the supervisor with space or materials necessary for the 

proper protection of materials as outlined above. 

When the supervisor has notified the purchaser of the need of materials, 

to be purchased by the owmer, it shall then be the responsibility of the 

purchaser to place these materials on the job without unnecessary delay. 

CONSTRUCTION 

Ae CAST-IRON SEWER LINES; 

1. The trench shall be prepared so as to obtain straight alignment 

and uniform grade. Excavation shall be made for the bells of the pipe, so 

that when laid the pipe will have an even bearing on the bottom of the trench. 

2. All joints shall be firmly packed with braided hemp, and shall be 

secured only with pure lead, not less than 1" deep, well caulked, and no 

paint, varnish, or putty will be permitted until after the section is tested. 

$. <All lines laid with cast iron pipe shall be tested under a pressure 

of either water or air. The gauge shall show no loss of pressure over a 

period of ten minutes, during which time no additional water or air shall 

be permitted to be added to the system. Any portion of the lines may be 

tested individually, provided that each section tested shall overlap the ad- 

jacent section by at least 5 feet. Backfilling shall be made with dry dirt, 

well tamped about the pipe and for at least 4" over top of the bells. No 

rock shall be put in the trench until this has been done. The remainder of
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the trench shall be filled with the material removed from the trench, all of 

which Wall be placed or piled on the trench. 

Be TERRA-COTTA SEWER LINES 

1. The trench for terra-cotta sewer lines shall be prepared as 

specified for cast-iron sewer lines. 

@- All lines shall be laid straight and true, and joints shall be 

firmly packed with oakum or hemp, and shall then be secured with a cement 

grout, prepared by mixing one part of cement to one part of fine sand. 

This grout shall be forced firmly into the joint and where directed, shall 

be held in place by tieing a cloth about the joint. Care must be exercised 

to prevent the movement of any joint while the cement is setting. 

3» Backfilling shall be performed as specified for cast-iron sewer 

lines. 

MANHOLES 
  

1. WManholes shall be placed where shown in the plans, and shall be con- 

structed as shown in the plans. The top of the manhole shall project at 

least 6" above the original ground level, unless stieietve direniek: 

2. The sides and bottom of the manhole shall be made watertight and 

shall withstand a test. | 

3. Where two or more lines come together, at the a manhole, their 

inverts shall be on the same grade. The manhole cover and frame shall be 

well fitting and of good construction. 

D. GREASE TRAPS 

Crease traps, constructed as shown in the plans, shall be placed in the 

line from the kitchen of the dining hall, which is located in the girl's
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dormitory, and from the laundry which is located in the classroom building. 

E. IMHOFF TANK 

i. ihe Imhof? Tank shall be placed and constructed as shown in the 

plans. 

2. Conerete shall be mixed, placed and cured so as to obtain a water- 

tight structure. This tank shall be tested as directed by the Engineer, ex- 

cept that in no case shall the head of water used be more than necessary 

for normal operation of the tank. 

Fe DOSING TANK 

The dosing tank shall be constructed as shown in the plans, and shall 

be & watertight structure. 

G. THE SPRINKLING FILTER 

1. The sprinkling filter shall be constructed as show on plans, and 

shall be a watertight structure. 

2. The underdrainage system shall be constructed of 6" channel terra- 

cotta pipe, leid with 1" open joints. The pipe shall be laid straight and 

even, and shall be placed on the floor before the concrete has set, in order 

to obtain an even bearing. 

5. The distribution system shall be laid, as shown by the plans, and 

the nozzles shall be placed at the points shown, by being tapped into tke 

6" casteiron lines. The elevation of the nozzles shall be in the exact 

relation to the high water level in the dosing tank as shown on the plans. 

He THE SECONDAY SETTLING TANK 

The secondary settling tank shall be constructed as shown in the plans 

and shall be a watertight structure, 

I. SLUDGE BEDS 

The sludge beds shall be constructed as shown in the plans.
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Je EXCAVATION 

Excavation for all tanks in the sewage-disposal plant proper, shall 

be sufficient for the use of outside forms. Care must be exercised in order 

that th bottom of all tanks will be poured directly upon undisturbed rock 

or earth and at the proper elevation. If the earth or rock in the bottom 

of the excavation is inadvertently disturbed either by mistake or blasting, 

this disturbed earth or rock shall be removed and material selected by the 

engineer, shall be placed in its stead. The method of placing any fill 

Will be determined by the engineer. 

MATERIALS 

A. CAST-IRON PIPE 

Cast-iron pipe shall be of a standard make; soil ipie, hub, & spigot; 

of the grade and weight know as pore heavy. Each length shall be sound 

and free from defects. 

Be TERRA-COTTA PIPE 

All terra-cotta pipe shall be of standard make, hub and spigot, prop- 

erly burned and fully glazed, sound, without cracks, objectionable warp or 

other defects. 

Ce CONCRETE 

1, Portland Cement 

(a) Portland cement shall conform to the "Standard Specifications and 

Tests for Portland Cement" (Serial Designation: C9=-30) of the American 

Society for Testing Materials. 

2. Concrete Aggregates 

(ea) The aggregates used in concrete shall conform to the specifications 

of aggregates used for grade A concrete as outlined in the most recent 

specifications of the Virginia Department of Highways.
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3. Water 

(a) Water used in mixing concrete shall be clean, and free from strong 

acids, alkalis, oil, or organic materials. 

4, Metal Reinforcement 

(a) Reinforcing metal shall be Billett steel, reinforcing bars - 

intermediate grade -- 18,000 pounds per square inch and shall conform to 

the current standard specifications of the American Society for testing 

materials. All bars with the exception of 3" round, shall. be deformed. 

The use of twisted bars will not be permitted. When deformed bars are used 

they shall have a net cross-sectional area equivalent to that of pisia tars. 

5. Storage of Materials 

(a) Cement and aggregates shall be stored at the work in a manner to 

prevent deterioration of the intrusion of foreign matter. Any material 

which has deteriorated or has been damaged shall be immediately and com- 

pletely removed from the work. 

6. The water-cement ratiogl shall be 6, which means that not more than 

6 gallons of water shall be used per sack of cement; this water to include 

all that carried by the aggregate, as well as that added. 

7. All concrete shall be mixed, placed, cured, finished, backfilled, 

and all reinforcement and forms shall be placed and constructed as outlined 

in bulletin S-120, entitled “Recommended Practice for the Construction of 

Concrete Tanks, Standpipes, and Reservoirs", published by the Universal 

Atlas Cement Company. 

8. In addition to the above requirements, the following must be 

strictly adhered to: 

(a) All reinforcing rods shall be bent without heating, and the
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diameter of the bend shall be at least four times the radius of the bar. 

The bar shall be supported by concrete or metal spacers or hangers, and 

shall have a cover of at least 13" of concrete. 

(b) Forms shall be constructed so that they can be removed without 

. hammering or prying against the concrete. They shall also be constructed 

so that all edges and corners will be rounded and all inside corners will 

have at least a 3" fillet. The furface of all forms shall be thoroughly 

oiled immediately before placing concrete. 

(c) Concrete shall not be placed when the temperature is below 40 

degrees F. or when in the opinion of the Engineer it is likely to be sub- 

jected to freezing at any time during the first 24 hours. When driected 

by the Engineer, the materials shall be heated so that the concrete, when 

placed, will be between 50 degrees and 100 degrees F., and all precautions 

to prevent freezing shall be taken when directed by the Engineer. 

(ad) No admixture may be used to secure watertightness without the 

consent of the Engineer. 

(e) All reinforcing rods must be extended 40 diameters beyond point 

of stress. 

De SYPHON 

The syphon shall be a 6" Standard Miller Syphon, as manufactured by 

the Pacific Flush Tank Company, or equal. 

E. NOZZLES 

The nozzles shall be the 3/4" Standard Type D Nozzle, as iianufactured 

by the Pacific Flush Tank Company, or Equal. 

F. BROKEN STONE FOR SPRINKLING FILTER 

The broken stone shall be trap rock and shall have no particles less



  

171 

than 2", nor greater than 3", Samples of the stone to be used shall be 

submitted to the Engineer, and shall be approved by him before purchasing. 

Ge CHANNEL TILE FOR SPRINKLING FILTER UNDERDRAINS 

This tile shall be of e standard make, properly burned and fully 

glazed terra-cotta, sound, without cracks, objectionable warp, or other 

defects. 

He SAND AND GRAVEL FOR SLUDGE BEDS 

1. This shall be coarse sand, consisting of hard, strong, and durable 

particles. It shall be free from excessive amounts of organic impurities. 

2. The coarse gravel shall be hard and durable of a size between 3/4" 

and 12", Medium gravel shall he hard and durable, of a size between ie 

and 3/4/". The fine gravel shall be hard and durable and less than 2" in 

size. 

GENERAL 

Samples of all sand, gravel and broken stone & concrete aggregates must 

be submitted to the Engineer for approval before placing.


