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DURODOCflON J . - '' ^ , 

;>•/ i- » .''iri-it-X-

A« Qmuvl 

The d«Battd for largor auppUos of potable water for farm «adi 

rural faooee haa increaeed ccmslderably la reoeat years* Wells and 

springs with low flows^ aod cisteras no longer are able to met 

daily xequlreuats of mdem farm and hoasdxolds* Wany rural 

residents in Tennessee haul water« sonstiaes nany Bdles^ during drou^t 

periods and hare to ration thmselves even in periods of greater ̂ lan 

average rainfall* 

Inereased household use of water has been brought ebout by 

benefits md uses derived front having an autonatio water syoten whioh 

east supply bathroom^ autoanatic washing oadbinesi dishwashers md 

aany other houa^old needs and equjlj>mnt* 

Modem technology in fara operation has necessitated increased 

quantities and quality of water* Ifodem Orade A dairies require 

relatively large quantities of clean water for washing equip«sirtj[ 

earing for cows and cleaning the anidns bam* Large scale 

integrated poultry and hog enterprism are requiring qp,antitim of olesn 

water for production and for prevention of disease* Meuay fazmrs are 

now processing their products m the faroif thus requiring safe wat^ 

In varying quantitiee depending on their operation* 
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Ba Statment of the Problea 

The only obJectlTe of researoh work t^on idiich this thesis is baaed 

vee to design^ eoastructj^ and test a eater treataent qsretea to otilize 

surfaoe eater eouroM to ssMt the deaeads for rural doaeeetie and 

fanastead eater. The forstea eould provide an adequate supply of 

IMtable eater fear a faal3y of five and maintain sanitaxy oonditiems 

for Ta1.11d..t>g a herd of thirty ooes. It is anticipated that the com 

oould be suf^lied eater for drinking. !Bke daily faaLly needs eould 

be fifty gallons per person or a total of teo<»hundred*fifty gallcaui (20)• 

Apprcadeately four-hundred-fifty gallons of eater would meet the daily 

needs for cleaning the daixy utensils axid the milking bam. 

The initial Investamt in the eater treatment system should be 

reasonable. For any given situatimy i^e justification eould depend 

upon the need and the availability of other sources or methods of 

obtaining potable eater. 

Operating ooslui should be in line eith other methods of obtainliig 

potable eater. 

The cmount of attention neeemtary to keep ̂ e mrstam in operatioa 

should he held to a minimnm. Mo more than eeakly visits to the iyetam 

with a total attmtion time of not mere than one and ene^alf hours 

per month should be neoeasaxy. 



C« Xi^ortance of tha Stucijr 

tbrnj of tha pra8«9it aoureea of vatar are laadaqoate to aeat tha 

needs. Kaxiijr laore will beooae inadequate in the future as these and 

other naeda inereaae. 

Ground water fron iralla and ̂ pringa has been our na^or source 

of rural donestio water since Texmassee was settled by the iMte Bsm. 

The only physiographio region in fenneaaea where a dependable supply 

of good ground water may alnost always be found is West Tennaaeee 

extending aa far east as the western Hig^and Bin (30). The only 

other region idxioh approaohea this quantii^ is the East TesBiesaee 

fillef where adequate auppUes of donestio water nay be secured fron 

springs and wells in nost areas (23)« Figure 1 shows these regions 

and their relative awailability of ground water. 

The area of nost critical ground water supply is the central 

basin where nany wells cease to produce during drought conditions (28^ 19)< 

The water is usually located in linestone fissures and drilling nay 

produce no water at all or yields of less than five gallons per ninate. 

If water is not found near the surface, sone wells have been drilled 

into the Inoz dolonite fomaticwi lying fron ItOO to 1200 feet below the 

surfaoe. This aquifer usually yields less than t«a gallons per ninute 

for any one well. A good exanple is title well drilled in 1956, on the 

Middle Tsnneesee Agrioultural Ei^erinent Staticm, Spring Hill, Ttmneesee, 
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yieldad two gallons per nlmite the bot-trai of the UUZ foot well* 

Another area of deficient water supply ie the Cwdjerland Platean 

lAiere wells are relatively ahallow hut prodiw»e little water^ Bany of 

which will not yield sore than fifty gallons at one puaping (Id 17)* 

PaxB ponds provide the aajor source of livestock water in this azwia* 

Zhe Highland Hi« area produoes fair quantities of donestie 

water £r<m wells but oftMi hi^ sulfur or iron content makes ̂ e water 

nndesirable* Tarn pcmds are also a aa;)or source of liwestodc water 

in this area* Cisterns are used extensively in the hig^ mineral 

content areas (28, 19, 1, 17}« 

Zhe 195ti Census of Agrieultiure showed that only 36 per cent 

of Tennessee fans had piped running water (29)• fistinates, as of 

1959» indicate that not w>re ̂ lan 50 per cent of Zennessee farm 

families have running water* It is felt -that these low pereenteges 

are due in part to the lack of develo{»eat of adequate potable water 

sources in areas of ground mter deficienqy* 

Xt is evident that sources ether than ground water need to be 

developed for faxvastead and domestic use* Surface water appears to 

offw the best future source since ?(wsnessee is located in an area of 

comparatively high rainfall. Average aiwxaal rainfall fcsr the state is 

^*U inches with station averages ranging from ii2*21 inches to 60*Ud 

inpibes (5# 22}* The average annual rainfall for the Central Basin and 

the Cusherland Plateau is about the sane ss the state average* 



ri«m 1. AVAiuBii.rn of qround water hi tehhesebe 

CUHIERLAND PLAIEAD(T) OULF COASTAL PLAM 
(D HIOHLAIiD RIM (D BAST TENNESSEE TALLEI 
@ CENTRAL BASnr © BLUE RmOE 

jar 

LEOEM) 

LAR® gUANTITIES, OENERALLI AVAILABLE 

modest quantities, SOW AREAS 

SMALL QUANTITIES, USUAUI UNCERTAIN 
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SioM th«r« ax« no Btroamt floiiing in dry v»ather in saogr of tbtt 

vnter deficient areast ponde depending primazlly <mb enrfaoe runoff 

offer^beat water eouree. 

the driest year on reeord in Tennessee was idien an average 

of only 37*86 intboa of rainfall was zworded ($, 22)• The town of 

Halls^ located in West Tenoassee near the Mississippi River reeorded 

only 25*23 indies of rainfall that year and had a period of sewKk 

eonseoutire nontha beginning in the Fall of in whidi no 

igipreeiabXe ruiuiff could be expected* Odier atati^ui in Tennessee 

had periods of ten oonsecutiTe nonths dien no large runoff eould 

be eaqpeeted* 

Storage in fam ponds would have to be provided to cover any 

period of insufficient runoff* For Meaoplei^ a faadly using 250 

gallons of water daily would require 75»000 gallons in a ten wmth 

period* Host fame would require at least twice that aaount to naet 

Bdnimm needs* Storage capacity in a fam pond should be wore than 

twice the nrBFBga annual water use to offset losses such as evaporation 

and seepage* 

D* Definition of Tenui (Used in a Particular 3mm) 

Aquifer • k water-bearing strata in the earyi* 

Coai^atidii - The fomation of an insoluble gelatinous 

floeculeot precipitate diieh entrains 



•aapended and oolloidal natter (2)« 

Coliform Bacteria •> A bacteria present in the intestinal tract of 

nan and animals which is closely related to 

the Intestinal pathogmsj typhoid and 

dysentery* 

Qrou^ta * Periods daring which precipitation is less 

than 85 per cent of mean (2)* 

Effeoti've Sise of Sand* The si^e of grain in a sajqple of sand araeh tltot 

ten per cent, by weight, of the sasgae has 

grains smaller than this size (2)* 

Flocculation «• The agglomeration of the particles of floe 

into masses of sufficieait weight and bulk 

in order that th^ may settle readily* 

IfancMcter * A device for measuring the difference in 

pressure head* 

Orifice * A small evening or aperture whioh may be used 

to control the rate of flow of a fluid* 

Precfalorin&tion <• The additlcm of a relatively large dosage of 

ehlorine to untreated water to kill algae 

and basterla and oxidise minerals in ozder 

that the precipitates may be removed by 

filtration* 

Bapid Sand Filter - A device for the purification of water 

oonsisting of a layer of sand through which 

water is filtered at a more rapid rate than 



tiM aCLow •and £iltor« filter being 

eleaiMd by reversing the flow of water 

through the sand. 

Schmutzdedoi She surface layer of a filter containing a 

soogloeal Jelly which is largely respoasdhlo 

for bacteria rffiaoval in a slow saisl filter. 

§9B& fiX%Vf k device for the purification of water 

consisting of a layer of sand tiurough 

whidh water Is filtered at a relatively 

slow rate, the filter being cleaned ty 

scraping a tJiin layer of dirtr eand frcm 

the surface (2). 

Vni£&rai%y 

0^ SaimI The ratio of the siso of grain in the saa$>le 

etidi that sixty per cent, by weight, of the 

sand has saaller grains, to the effective 

size (2)• 

!• Scope of the Stu4y 

It was decided to design, construct and tost a single ̂ irpe of 

water treataBsnt aiysten to detendne its effectiveness in Bwetiag tJie 

objectives previously nentionsd. Xt was antioipated that, tern th# 

results of testing this ssrstwa, reeoaneadations for inproveaents in 

equipment, methods Md procedures eould be made. 

Since it was anticipated that approxiiaately two months time 
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would b« rwqalred to test each treatm^t. It was deoided to test only 

those treatnffiats which are coniBionly used in eomraeroial or aunicipal 

water tr^atiasnt systems and con|>a3re ^e» with winiaan 1a*eatments, 

Since the primary objective of the study was to develop a method 

of providing an adequate supply of potable water from surface sources 

for rural homes and farmsteads, teste were oonduoted on water saa^les 

to determine whether the tzmated water met the speoifioationa for safe 

water as set forth hy the Tennessee Oepartamit of FahLio Health* 

Since ainimam attention to the system is neoessaxy where 

individual daemstio water supplies ere conoemed, tests were set up 

to determine the operating time of the filter prior to its need for 

oleaning* 

This study will represent only the results of testing one type 

of system at one looation using a limited number of treahnente* 

However, the results should be applicable to water supplies under 

similar conditions* 



ciiAP'iSii n 

]l£VI£¥ OF LXmA-TUBl 

k, Ooaeral 

A Xlnited numbar o£ studies have been aade on the treatiaent of 

pond water for doiaestio purposes. Ssos/ et (̂10), Sorrels {Z$) and 

hanieXs (6) seen to be the only (mes to have oade detail studies of the 

problem. Several others inoluding Baumann (3), Brakensiek (U) and 

Hodges (13) have made Inveotigaticns of special phases of the problem. 

Others have approached the problem in tersis of mnicipol types of 

systoRS (21). 

B. Domeatio and Farmstead Water Demands 

Many authors have established rsooamendations on the water in 

the home and around the farmstead (20, 3» 13. 21, lU, 2k, 12). the 

general consensus of this group indicated that the daily use of water 

idiere adequate supplies are available under pressure Should be estimated 

on the following basist 

$0 gallons per person 

35 gaUoos per D&llking eow 

12 gallons per dry oow, beef cow or horse 

U gallone per hog 

2 gallons per ahssp 

U gallons per one hundred hens 



I. 1 

u 

C. Powi» 

Fara pcndM art gmtrally classified into thres ipraups (11)i 

(a) Spring-fsd» - lids type of pond reeelvoa water contiottousjjf 

ipm above or in the pond, 

(b) Surface runoff-fed, - This type of p<»jd receives practically all of 

its water from surface runoff froa its 

watershed, 

(e) ?jr-pass-f0d, • This type of p«ad receives water diverted 

fro« tiis nain flow of the streeau 

Storage capacity in tha pond sliouM be sufficient to supply the 

farm and hone needs for at least four nontha (11) and preferably up 

to ten months ($) withont apprwiable replenifi&iment front nm off, 

Brakenslefe (U) indicated tiiat most watersheds can bs aspsct«l to produce 

no runoff then the amatal precipitation falls below approximately'toen^ 

two inches. Thirty indies of annual rainfall would be expected to yield 

six inches of runoff and fifty inches annually would yield twenty-two 

inches of ranoff (11^, U), Using this as a basis, it could be expected 

that a watershed in Tennessee would yield a mlniimim of 1^,0CX) gallons 

of water per acre per year. The pond should be at least eifi^t feet 

4h»p over at least cms third of its area so that svaporation losses 

■fly be held at a minimum (3), The losses by svaporation and sfl^spsge 

thould be considsrsd greater than the quantity of water retained in 

storage. 
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Plant and algae growth are problems in manjr ponds idildi aasr he 

overeoae by various methods of treatment (27)« 

D* Vater Fxirlfication Pfetuods 

Bs^id-sand filters are successful for filtering pond water if 

proper flocculatioa and coagulation are obtained prior to filtration (3)* 

However^ the n«M^ for constant attention makes them of little value to 

rural visers with water sources having turbid water eondltions* The 

problems in maintaining this type of tmit are tiie need for chemical 

coagulation atai frec^«it backuashing* 

Slow-sand filters of various types are z^ommended hj various 

State extension services eoqperii^at stations^ health dspartments and 

oUters (13j 21f 18, 26, 1, 26, 8, 2ii}« Apparently none of theee 

reconmendatioas is be^Mtd on controlled experiments* One type of filter 

eonslsts of a sand trench leading from the bott<»& of the p<»Ki to a 

dstem at the edge of the pixid (10, 13, 3)* 7'he problem involved 

with this type of filter ̂ fvten is the difficulty of removing the 

of sediment idilch form over the surface of the filter in the 

pond* Another difficulty is the lack of control of the filtration 

rate which mi^t be excessive If the cistern were pulped too low, 

thus pulling turbidity into the cistern* 

Ihe recommended filtering rate for slow sand filters varies 

considerably, ranging principally from twenty-five to seven gallons 

per squaro foot per day (21, ID, ll;, 13, 2)* Babbitt et^* (2) suggest 

satisfactozy filteriog up to one-hutidred-seventy gallons per square 
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foot per <Siajf bowever, Enugr et (3D) state that their tests 

iodioate the itsjdJBoa rate for pood nater to be sixty-nine gall<»is per 

square foot per day« 

The effectire sand size and its coefficient of unlfonaltar are 

of apparent importance in slow sand filters* RecosBiendatlons for 

effective sand size range fron 0*20 to 0*50 wl.lllawters (10« 13^ lii)* 

Eaoay (10) reported that excessive turbidity was run throng the 

filter sand when the size exceeded 0*35 millineters* The reeoasasaded 

coefficient of uniforsdty should not be more than 2*5 according to 

Hodges (13) or 3*0 aecording to Ssmay (10)* Recoonended sand 

thickness ranged fron twelve indies (28) to thirty inches (21)* 

Vihen the surface of the slow sand filter beoomes clogged with 

sedinentj^ the filter must be cleaned by reviving the layer of dirty 

SMd* Ihe filter operating time ranges from that idiidh will allow 

from flve-bundred to thirt;r*five-httndred galloas of water per sqjuare 

foot of filter surface to pass throu^ the filter between cleanings (3) 

depending uptm turbidity and algra in the raw water* 

Slow sand filters whldi era operated properly may be eiqpected to 

ronove 98 per cent or more of the total bacteria in the water (2j) 5)* 

However^ slow sand filters do not always consistently produce watei 

is safe (31* 3)I hence^ the need for additional treatment such as 

dilorlnation as a wl^od of disinfectlaa exists* 

Turbidity rei»>val is om of the major probleaas involved in 

treating pond water, ieir ptmds have hi^ turbidity before a ̂ »od 

vegetative cover can be established* Hodges (13) indicated that water 
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t&lcii has twaofcy to t»wity~fiv« parts per million tiiz^diiiy Is 

satlsfactoxy tov filtering; thus^ reqtdrlDg sons pretres^MMKt for new 

ponds or ponds idiose turbidity exceeded these figures* Ssaay (10) r^orts 

the results of a 8t\«ly of tsenty ponds ̂ ose tuibiditios ranged from eleren 

to fortyooae parts per ndllion turbidity* Ho also reports that highly 

turbid ponds sere treated with tselve pounds of gy^us per 1000 cubic 

feet of liater to redxice the tujbiditgr level to beloir twee^ parts per 

ncLllion* 

A'*' --V 



CHAPTER in 

SELECTION OF WATER THEATNEHT STSTEHB 

A modber of different designs hnve been developed for farm 

pond sater treatment systems* Each of these designs appeared to have 

limitations idd.d\ would make them scaaeMhat less d<»irable than might 

be expected* 

A 9[0.ow sand filter has been seleeted in most instances hf 

state colleges and health departments as the most practical methc^ tti 

filtering surface water tot individual farm or htsae use* This type 

of filtration was selected for this stud^ because of several factors* 

Babbitt and Doland (2) said that a slew sand filter is hii^ily efflcietxt 

in the removal of bacteriaj being reliable for the removal of 98 to 99 

per cent of the bacteria in raw water* They also pointed out that slow 

sand filters require less attention and less skilled opezators* The 

Blottf sand filter is also suppose to remove suspended and settleabla 

matter not collected in the settling basin* 

Since most septic tmdcs are now precast and delivered to the user 

xmad^ tor installation, it was felt that there was a good possibility' 

of using ̂ ese tacks as the basic units of the farm water trealmtsnt 

^st^* If the demand for these filtering systems ediould inereasw to 

a point where it would be leasable, manufacturers of septic tanks coxild 

develop forms for precasting the water treatment taoke since there is 

no basic difference exc^t the location and eise of holes for pipe 

connections* These taiks could be delivered to the farm for probably 

1ms than the farmer could make his own cast-inopXaoe WTstem* All 
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vooXd be required vould be that the user have a fouiuiatl<m ea Aich to 

eet the tanks. 

An objeotioa to w>st oast-irM-placo systeas is the rusmmetn walls 

betwiea the rarious units of the ^stea having different levels of 

cleanliness. This objection is overoone by the use of separate pre* 

cast tanks. Since septic tjoiks are usually available in only two 

sizes, it May beoooe necessary to use aultiple units for soae of the 

operations. 

Biere is a possibility of standardization of the plan whereby 

0(aqplete kits of the necessary materials could bo made available to 

the user. Pipes could be prensut and threaded, proper pipe fittings^ 
control devices, intake pxap, pressure tank, raw water intake, 

chloriaator and other necessary equipment could be included in the 

ctMsgplete kit. Ihe usw would have to provide a foundation which is 

constructed to iipeoiflcationa and an enclosing structure. It is, of 

course, possible that the entire unit could be installed by a 

contractor. 



CHAPTSS 17 

FACILITIES 

A. and IJ«acription of Sit# 

Tha Mddle tamiMsaa Agricultural EXpcrlnent Static was sslected 

Ml tlw site tfxt testing the water treatment system due to its locaticn 

ia an area of ground water deficiency^ Ita relatire proadaity to facilities 

ef "Uie Tennessee Hepartnent of Public Health in Nashville and the 

availability Of ponds on the station. The 8.6 acre pond was selected 

because ttiere was little chance that it would go diy, it had sotirces of 

contaMnationy electricity was arailable, and a pipeline to Stock watering 

troughs was lUMur. 

The 8»6 acre pond, show in figures 2 and 3, contains i^proadaa'Wly 

forty one acre feet of water idien full and depends ipmi surface rmioff 

and a spilng for maintaining its water level. The spring presently 

stipplies the office, dwellings and bams on the station with drinking water. 

Although there is no record of the spzlngs going dry, its flow has been 

reporW to be snail during extended drou^t periods. Ths normal How 

of the apring is estimated at approximately ten gallons per niaute. 

This represents approximately fifteen aore feet annually. 

The prsidis s^lrface watershed consists of s^roximately 1^3 acres 

of gently rolling land. Roughly ninety per cent of the watershed is in 

penaanent paatxire or hay crops. Only a small area of wsterihad, consisting 

toi onall eaiperiaMatal test p!hits and gardens, is cultivated, A foiHvlai» 
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Figur« 2« Fidif of 8»6 Aore Pond Facing Dam« 

L 

Figure 3» Viev; of 3»6 ..era rond Facin^^ Ajr.y .Vra:;i ii.aa 



w 

divided highway crosses the watershed for a distance of about 2,000 
feet. Four dwellings, a large beef cattle bam with silo, and a 
tobacco bam are located in the watershed* 

Ihe principal soil t^pee found in the watershed are Mauxy silt 

loan, Mauxy sUty clay loam, and Maury rocky sUt loan* areas 

of the pho^hatic phases of Idnside, Burgln, and HunUngtoo sUt loans 

are found in the drainage azea* 

Dairy heifers and sheep grased in the field in which the pood 

was located* !{he heifers were observed wading in the ptmd and gwierally 

disturbing the water in the shallow areas. It was felt that the 

conditicais existing in this pood would approach the worst mes to be 

found on most fams* 

Sanitary engi^ers fron the Tennessee A^artnent of Public 

> Seslth were ocmsulted prior to the final choice of locations. 

toe of the two snaller ponds previously mentioned was seleoted 

to eoopare conditions of raw water with the test pond. 

The water treatment ̂ sten was located where there was access 

to water at least fire feet deep in the pood. The location was also 

close to the livestock watering pipeUae and the electric line. 

B. Besoriptloo of Water Treatment Plant 

1. toneral 

Ihe coapment parts nacessaxy for a small slow sand filter water 

treatment sjratem were selected and located on a plan of the plant as 

shown in figure U. 
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Siiico It vaa deoldsd to use pre-cast eonorete si^tio teidce aa 

basic elerasata of the water treatzaent agnstemi a local aaaofactuz^ 

of tanka waa contacted and arrangements were maiie for their construction 

and delivery* The tanks for the settling* filtering* and stoxage units 

were cast in standard 7$0 gallim septic taidc stMl foms. 

The pip© openings in the septic tardcs were not in the desired 

locations* thus nair holes were prepare by ttm isannfacturer la the 

taE&; walls after the forms wers reaor^ but before the concrete cured 

to ite high strength. 

The foundation for the water treatrasnt plant consisted of a 

five ittdi slab of reinforced ooittrete with a drain* raw water inlet 

pipe* and treated water discharge pipe cast in place, lifhaa the 

foundation concrete had cured* the tai^s were delivered and aet in 

place (Hgvure 5). A concrete block building was constructed to 

enclose the taidcs and woxk area. 

2» Raw Water Intake 

Previous studies (3* 2} have indicated that pond water with the 

least miasral and bacterial contamination is usually fotmd near the 

water surface idiere the water d^tii is at least four feet. The raw 

water intake for this syetos is floated by two OEW«gallon glass Ju(^ 

(Figure 6} and is andiored approximately sixt^ feet team shore idiere 

the water is normally more than five feet deep. Sxperienee idiosrad 

that the glass jugs did not break as a result of the pond's surface 

freezing. The intake consists of a screen and foot valve ocamscted to 

a one^indh plastic pipe which delivers the water to the treatsent plant. 
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A.S Floats* 
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3# Baw Water Pmnp 

Slae« the rate of flow the filter le relatively slow^^ 

a oaa-'qaarter horsepowers <fiiallow-well centrifugal jet pump was 

utilised to pue> the raw water (Figure ?)• Ihe pump lAtich wee attlected 

bad a capacity of approximately 300 galloos per hour at fcarty poiotds 

per square inch head or 600 ipHoos per hour at five pounds per square 

in<di« This pvop is controlled a movable float switch located on the 

wall of the settling tank for all the tests exoept the one which did 

act include settling at wid.eh time the float switch was transfered 

to the filter tanks (Figure d}« 

Coagulant Feeder and Mixers 

A coagulation agent was introduced into the raw water line 

between the raw water pump and the settling tank in two of the testss 

hence the deecriptlon of the femler and mixer will be included at 

this point. Good mixing of the coagulant with the raw water is 

necessary for proper flocculation. The coagulant solution was pissped 

from a large ctmtaiaer by a high pressure <hemieal feeder (Figure 9) 

into the raw water pipe then into the mixBr, The ooagulant feed«nr xised 

in these tests was a Froportionser's "^MSUiget Chloro-feeder" ihich was 

on loan front the Tennsssee Department of Public Health, 

The mixing device used in the Initial coagulation test ecnsirtcd 

of a five foot high six-in(h diaaater pipe made frcas two thirty»iaeh 

lengths of bell tile standing on end in the settling tatdc (Figure 10}« 

The coagulant solution was introduced into ̂ e raw water line which 

la turn discharged the raw watezMwagulant mixture Into the top of 
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Figur® 9» vjoagulant Feeder, 

Flgura 10. Jix-inoh 3all Tile Goagulant MLxar. 
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tha tLla ti3£ijp i'ts od^o iB such a Jtarincr as to cause a swirXing aoti-co 

of the water# Tliis raixtura discharged from the bottoia of the tile Into 

tite settling taxjJc prc5>er# 

The nechanioal mixer idiich was developed as a possible iiq)rovement 

of the pipe mixing method la described in the chapter on Descriptian of 

Tests# 

5* Settling Tank 

The settling tank is the first of threo 750 gallon also 

pre»oaat septic tuoke used in the plant# Since the tank was delivered 

with holes in the Mids far inserting the pipes and also the openings 

normally needed for eeptio tanks operaticna, it was necessary to seal 

the pipes in place and close the other openings. At first, a rapid 

curing cement with a trade name of "Poivrock" was used as a sealant 

(Figure 11). This material wae easy to apply and solidified in about 

fifteen minutes; but it was found that contact wito water caused its 

structure to deteriorate# It was necessary to cover this material 

with a waterproofing ceiaent called "3ta*dri" Patching lemeiit* After 

all the holes were filled and the pipes were firmly held in place, 

the entire enterior of the tank was painted with a waterproofing point 

"3ta»dri**# This paint has proved to be very effective since there 

has been no evidence of seepage through the concrete# However, 

failures have occured around piptes where toe cement was apparently 

applied ixfiroperly# 

A two«'iiK:h drain was provided at the floor level of the tank 

to facilitate the removal of sediment# Ihe tank provided at least ten 
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hours of settling tims for tiie rair uater prior to watering the filter* 

^niere was sobs qaestion as to the eifectiveness of the tank for 

settling Yery saall particles due to curienta caused by the inoomlng 

water* Two rertical baffles Bade from galvanized sheet aetal were 

placed in the tank so as to cause the water to travel farther before 

reaching the outlet and would danpen any ourrent which odght develop 

froB the inlet* A small skimmer was placed over the outlet to prevent 

currents from developing and to remove the water fr<Ha the top three to . 

six inches* 'Ehe outlet through which the water passes froa the settling 

tank (mto the filter was a one-inoh pipe located sixtewa inohes below 

the t49 of the tank* 

6* Filter lAnk 

Initially, the filter tank was similar to the settling tank 

except for the pipe locations in the walls* The unwanted openings 

and pipes were sealed in tlM same manner as in the previous tank* A 

filter effluent colleoting pipe (Figure 12) was installed length-wise 

alcmg the center of the tank to collect the filtered water and oonvey 

it to the stmage tank* This one-and-CHie-half inch pipe had one quarter 

inch holes drilled three inches apart on both sides for its full length 

and was oapped on the end* 

A nine inoh layer of pea gravel was placed in the bottom of the 

filtw to aot as a ooUeoting area for the filtered water and to support 

the sand thus preventing it from entering the storage taxUc (Figure 12)* 

This pea gravel was obtained from a local building supply dealer and 

visual inspection indicated praotLcally no gravel derived from oalcium 
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eartwmat® sourcBs# *&!• graiwl covBred th® Affluent pipe to at least 

A six indi deptiti* 

A thirty in<^ layer of filter sacMl was placed on top of the pea 

gravel. This sand was obtained from the Monteagle Silica Sand Cospany, 

Monteaglej TeniMSsee. An analysis of the sand (Appendix A) idiowsd 

that its average size was O.U^ oilliiDsters with a coefficient of 

miftnnai'^ of 1.5* this is sooeidiat larger timn is ecmeidered nost 

desirable f^ a slow sand filteri however^ it was within the sq[>ecified 

zwige. the Bux^ace area of the sand was detemined to be 23*23 square 

feet* 

A one indh pipe and valve located elxteea inches below the tank 

tops connected the filter and settling tanks and was so located that 

the pipe would always be above the filter sand yet would be below 

water surface to prevent eavltation of the sj^ surface due to the 

incoming water veloci^. 

An overflow pipe was located near the top of this tank to 

prevent damage to testing equipment should the float switch fall to 

operate pr<^erly. 

The filter was heavily chlorinated prior to conducting ttui test 

to remove all sources of contaadnaticHi in the filter* 

7» Storagie Tank 

The water leaving the filter tank normally goes directly JUito 

-Uw storage tank but was discharged at intervals for test purposes 

throui^ a flow rate meter. This disdiarge route is also used to drain 

^le filter for cleaning* 
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Ihe device vhich ocmtroled the rate of flov through the slow send 

filter was located in the storage tank. At first, a pipe whose outlet 

could be raised or lowered was uMd to regulate the filter flow rate^ 

Ihe swlTel point(m the pipe was located abore the highest sand lerel 

of the filter so as not to allow the water to fall below the t(9 of the 

sand. The increasing head losses In the filter necessitated changing 

the outlet level at frequent Intervals« At each change, the flow had 

to be checked by filling a o^ibrated container in a specified tine. 

This required entirely too nach attention, particularly for Inespe* 

rienced operators. 

It was decided to use an orifice (Figure 13) to ccmtrol the 

filter water flow rate since the discharge from an orifice varies 

directly with the square root of the head. 

Q *S A /2'"g K' where Q"Rate of flow 

K•Ooefflclent of discharge 

A•Orlfloe area 

f e Acceleration due to gravity 

h•Head 

It was determined Ihrou^ oaloulatltms and tests that a 

five-sixteenth Inch nozzle would serve for ̂ s Installation. At 

fifteen Inches hesd, idiloh was aaxlsim, the orlfloe delivered 1.28 

gallons per minute tdilch is well within the limits of a slow sand 

filter. It also dALivered O.&L gallons per minata at alx Inches 

head which meant that it maintained much of Its capacity even when the 

filter became Inoreasln^y clogged. 
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fh* ttorag* tank waa siioilar to tho other tanks initially, aiMt 

the sams aethods were used to seel Vtm openings* However, e tcp was 

placed on this tank using septic tank cover seotions idtioh were placed 

over the rear three«foarths of the tsook* Ihese sections were sealed 

from, the underside with 'Sta-dri' patching eraent and painted with 

*Sta*drl' waterproofing paint* the maining opening was covered with 

a rmovable close fitting galvanised netaL cover to prevent 

contaninatiem by rodmte* the discharge intake which has a screen and 

horis<nital foot valve is located near the bott<« of the t»Xik. the 

etorage tank was also thoroughly chlorinated prior to testing the 

system* 

8* Olsoharge Puisp 

the discharge puq;» (Figure Ik) was a ooe*third horsepower shallow 

well centrifugal jet punp which drew the water from the storage tank 

md delivered it under pressure to the farmstead* It waa ccuitroUied 

hy a pressure switch on ilb» disehezge line* 

9* Chlorination Equipment 

the chlorine 8oluti<ni was prepared in a large plastic container, 

(Figure 14) according to the water needs* A readily available laundry 

bleach containing 5*25 per cent sodium hypoohLorite was used during 

the tests* 

A Vtellsoe and tieman *01orlnet*, a positive acting ohlorinator, 

(Figure lit), was used to inject tiae chlorine soluticm into the water 

line between the discharge pu^p and the pressure tank* the ct^ociQgtdr 
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Figure 1U« IxLorinator, ahiorine Solution Jf-X, Gblorine Injecticwi
Terndn-O., Discharge PumL^^, and Fressure Tank, 
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was oonneoted »o as to operate osaXf uhen the dlsoharge puiqp operated* 

During the tests using prechlorination as a treatment, the 

ehlorine vas injected into the raw water line and the chlorinator 

coonectsd so as to operate onl/ idien ih9 Ta.v water pump was operating* 

10, Pressure Tank 

l!he prMsore tank (figure lit) maintained its normal functicm in 

the farm water systems* It also provided a short retention period for 

the chlorine to perform its killing actlaa on hacteria in the water* 

Water was delivered to the farmstead upon demand* 

0* Instroaentatioa 

1* Measuring total Flow ThrouB^ Treatment System 

fhe quantity of water uhioh passed through the treatment plant 

was measured hy two Niagara one*inch nutating disk type of water laeters, 

(Figure 15)* One meter was located in the dlsoharge pipeline between 

the pressure tank and the farmstead distribution system. Figure 4, number 

16| and measured the quantity treated water which is discharged through 

the faucet in the building or was delivered to the farmstead* Ibe 

other omter, idiich is called the flow rate meter, measured the quantity 

of water discharged from the filter effluent pipe without its passing 

through the storage tank, (Figure 15)* Headings were taken at regular 

interrals duriz^ the test* 



36 

2« Maaamilng Head toss throiagh Flltay 

la order to detendoe filter head loaaes, predetendnad rates 

of flow through the filter had te be establiahed* The flow rate 

■etar (Flgdre 15) used la theae teata« waa a ooe-ladi Idagara 

nutating disk type of meter with a small generator attached to tbe 

dial actuating ahaft* A milllneter waa eonneeted to 'Uie generator 

and waa calibrated to read the rate of flow directly* A glass tid>e 

aaneaeter (Figure l6) oonnected to the filter inlet end filter 

effluent pipesf measuared the pressure head loss through the filter at 

predetermined flow rates established throu^ the flow rate meter* 

niese flow rates through the filter were controlled by ralToa in the 

line with Uie flow rate meter (Figure 15) • It was neeessary to close 

the waive on the line from the settling tank to the filter tank in 

wder to get accurate readings on ths auaionster* 

Head loss readings were detersdned for flow rate readings of 

one, two and ^ree gallons psr minute until manometer oould no 

longer be read due to sKcessive head loss* The highor flow rates 

served -Uie putpoee of eheeking the accuracy of the initial readings 

since there were no recording instruments used* 

3* Facilities For Testing Water Samples 

The Bivisicm of Sanitaxy Jlkigineerittg^ TennMsee Si^artaMit of 

Fublie Healthy eooperatwl in conducting the tests to determine the 

effectiwenaes of the water treatment plant* Sanitaxy engineers from 

the state office were responsible for collecting Idw water saag}le8 

at we^Iy intervals during each test* Physical, chemieal and 
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Figure 15« Fiovf itate Meter, Control /alves, and Ctora^;# Tank, 
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Figure 16, CBLaaa IXiue l^iiuiOiTieter and Jonnecticm to Filter Intalce 
and ilLschar.^e. 
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baoterlologloal tests on these sai^Ies were aade in the Tennessee 

Health D^artoent^s Mashville laboratory using their noraal methods 

and procedares* 
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CHAPTER T 

' ; PBOOJOXifiES 

A. S«I«otion of Treatoenta 

!• Qea»y«X 

Four lemalo troatnonta unaem doolded upon in oooperation vlth 

tho Sanitary Enginoering OivlaloQ of tha tennaaaaa OepartniBat of 

Publio Heall^* fheaa represented »08t ooaaoa water treatments 

used In eommeroial and aunieipal plants as ooopared to BriTrirmtw 

treatmenta* 

Since the water treatment aystem waa primarily in ttke 

danieXf^ment atage^ alterations and iaiproTements were made on the 

eqalpmrnat and procedures as the tests proceeded* It was iopractlcal 

to get suffioi(Kit replioaticma of teats for statistieal analysea 

doe to^length of the indirLdaal testn^ tiie limited time available 

and tim Health i}q;>artaent*8 limited personnel tine for eai^ling* 

Ckmsidering these factors, it was felt that randcwKLsation of the 

OTder of treatments would be of no pazi«icular advantage* 

2* freataent 1 

Oonditlone were Mleeted for the initial test so as to provide 

a baele for coiqparing the succeeding testa* Since settling and 

filtering would be tto (»aly treatments common to all the other tests 

exoept the one to determine the relative effeotiveneas of the 

settling tank, it waa decided to oomluot the first test to include 
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mHjr th«86 tr«atMH!ito u eoaparlsons idLtk thoM ibieh followedU 

3. Treatment 331 

The baeia for Treatamt IX was the possibility for eliaiaati«ai 

of the settling tank as a unit of the water treatment ̂ srstea* If 

settling in this tank proved to be relatively ineffectivef its 

ell»inati<m would auiterially reduee the cost of the system. Therefors 

Treatment II was conducted with the raw water being introduced dir^tly 

on the filter by passing the settling tank. Ccusparlson of the results 

with the test including the settling tank would detexuine its effectivensss. 

li. Treatmwit IH 

Since most commercial and municipal water treatment ssrstras 

utilise coagulation with alum as a method for removing turbidity «id 

color from raw water^ Treatmmit HZ ms tested to detexnitte its 

effectiveness under the eoaditi«)s exieting at the test plant. 

TreatBtent IV 

Several advantages are claimed f<n> prechlorination according to 

Babbitt^al» (2) whloh should prove effective in treating pond water. 

These we]?e (a) reduction of bacterial load on the filter(b) better 

color removal in oertain instances (o) increased filter runs (d) control 

of plankton in basins msd filters and (e) eliminations of tastes and 

odor* Those possible advantages were the basis for testing Treatnmat 17 

using predhlorlnation^ settling and filtering as the principal elements 

in tise aystma* 
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8» SAeotLon of Sample SMts and Data 

Haad Losa and Total Flotf 

Sinoa long filtar life is ia|>ortant in a systmi requiring 

niniatta operator attention^ the losa of pressure head in the filter 

was ffleasnr^ at regular intervals and oonpared with Vob quantitar of 

water filtered* Data for three filter flow rates were oolleoted to 

deternlne the head loss* the ane-gallon-per-ainate rate (62 gallons 

per square foot per day) was cmsidsred standard for operating the 

filter because it r^resented the aptiauiB rate as r<^>orted h7 several 

authors (2^ 3» 10)* this rate of flow was not exceeded greatly in 

the gttieral operation of the filter* Seed loss readings were taken 

at two and three gallons-per-ninute flow to provide a check of the 

accuracy of the gallon per alnute readings sinoe no autcsBatie 

data recording devices hbx>s ussd in taking hsad loss readings* It 

was hoped that the data fron the higher flow rates would also provide 

infosmatitm for predicting filtar life before ooopletion of the test* 

Zhe total quantity of water filtered prior to filter stoppage indicated 

the life of the filter* 

G* Tests of Water Saiqiles 

ill of the water saiaples ware oolleoted by the Sanitary 

]&agineexlng Divisitm of the Teimessee Departnent of PuhLio Health and 

the saaplea were tested in their HashvUle laboratory using standard 

laboratory procedures* The signifLcanoe of these tests srs reportsd 

in ths following paragraphs* 
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1« Tarbidllir 

torbiclltgr la a aaasore of tha aaqpendad azai coUcddal matter in 

water* Yiaible turbidity which produces sediment is ordinarily 

oomposed of fine partioles of silt and clay and as saoh is not 

partLottlarly detrimental to tbe potability of water, fhe indioation 

of surfaoe ronoff suggests the possifaility of poUuticm from surfaoe 

sources. Larger particles may conceal and prevent bacteria from being 

killed by normal levels of chlorine treatment. Higher levels of 

turlddity re(|uire higher rates of ohlffirination for effective 

treatment. Cie United States PubLio Health Service standards limit 

the pemissibLe turbidity to ten parts per million and suggest that 

it ̂ lould not exeeed five. The f«inessee Oi^artment of Public Health 

limits the permissible turbidity to five parts per sllliaa. tb« 

oolorimetrio method of testing for turbidity was used in thei 

laboratory. 

2. Color 

Color in water has little sanitary signifioanoe, however, its 

presenoo is osthetioally undesirable as it may stain materials with 

uhioh it eomes in oontaot. She United States PubLio Health Service 

standards limit the permissible color in acc^tabie water to tweniy 

parts per mLlli<m and preferably less than ten. Ihe Tennessee 

staaadazds are the sane except that higher levels of color may be 

allowed under apeoial oiroumstances since sanitation is not effected, 

file oolorimetrio method was used to test for ocd-or also. 



3» Alkalinity 

Alkalinity of natoral water reprasants its content of carbonates, 

bioarbonates and hydroxidss* Oaaatio alkalinity, caused by hydroxides, 

is undesirable but is seldon found in natural waters* Xitraticsii using 

phenolphthalein and methyl orange deteztoined the tpantities of ea^ 

alkalinity source* Heither alkalinity nor acidity has sanitary 

significanoe in natural waters* 

it* Hardness 

Hardness is primarily the solution in the water of the 

carbonates and sulphates of calcium and magnesium* Its effect is to 

inhibit lathering by so^p and the fonaatlon of soale in boilers; 

however, it has no sanitary signifioanoe in itself* Ihe United States 

Qeologio Survey classifies water of various hardnesses as foUowsi 

0 to 55 parts per ndlliem - Soft 

56 to 100 parts per million «> Slightly hard 

101 to 200 parUt per ndllicm - Hbderately hard 

201 to 500 parts per aUlion * Very herd , 

Dm test for hardness was conducted by tltration* 

5« 

Carbon dioxide is of iaportanoe in a water supply beo^se of the 

desirable taste it inparts, its effect of increasing the solubility of 

many minerals in water, and the oorroslvsness restiltlng from its 

prssanoe* Ho standards are established for its concentration in water 

but a desirable balance between the concentration of oalcium carbonate 
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«nd carbon dioxldltt ahould b« aalntalBoU \ 

6m Iron and Magancgc 

l^on mi wMUgammm are objeotloiiable la water «iq»pllee because 

thegr eaoae ataia oa pluabiag fixtures and la clotliing in the laundxy 

and they aay cause tastes and odors* fhe Iteited States PubUe Keaitll 

Service standairds state that the eoshlned eoaeentratioa of iron and 

nanganeee shall not exceed 0*3 parts per aiillion if mere suitable water 

supplies aire available* The colorimetric method was used in tests for 

these minerals* 

7* Chloride 

Chlorides found in natural waters are usually salts of sodium 

and indicate salinity of wator* Drinking wator tdiould contain IsM 

than 29^ parts per million of bhlorldes for palatabilil^* Titration 

was used in the laboratory teats to determine the level of ehloridi»i* 

8* Fluorldee 

Concentrations of fluorides hiffher thi» one part per milUon 

Buy eause mottling of infant"s teeth* Small quantitiee of flourino« 

however^ aro tisod in public water supplies to inhibit tooth decay* 

The ooloriiwtric mothod was used for the fluoride tests. 

9. ̂  

The signillcaneo of pH in water treatsHsnt is primarily lUa the 

control of dheBdeals used In the purli^oation process* nie pH level 

of most natural watera ranges from 7*0 to 8*5* Coagulation with alum 

is adversely affected by a pH in 4Bcee88 of 8*0} however^ other 



eoagiilants hav* different ranges of pH in ehioh they operate 

eatlsfaotorlly* Ibe eoloriaetrio loethod was used for pH determiztatlaa* 

ID# Nitrates 

The presence of nitrates indicates an orgaoio otrntaot suffioiently 

reiaote to per»lt oxidising actionf Levels in sxoess of 0#5 parts per 

sallion reaaining for long pexlods of tiiae are considered saspisious# 

Gdoriiaatrio testa were laade for nitrates* 

II* Oaleitm and Magneadun 

!Zh» earbonates and sulphates of ealoiua and nagneslttm are the 

unual oanaes of hardness in water but have no sanitary significanoe# 

Levels of Bugnesium shovild not axoeed 125 parts per nUUoa if a 

better water source is available* 

12# Ooliform Bacteria 

She baoteriologleal analysis of water is for one purpose only, 

nanely, to determine the potability of water* Since oolifora organisms 

are eloeely related to the intestinal pathogens suoh as typhoid mod 

dysentery, they are used as an indioation of feoal matter in the 

water supply* the laotose broth method was used in these testa to 

determine the levml of E* Coll. a andrnt of the colifora family, in 

the water* fhe United States Publio Hsalth Service etaadards state 

that not acre than ten per cent of all the 10 milliliter sasiJles 

cccanlned per month shall show the presence of organleme of the 

colifora group* Of all the 100 milliliter portions examined per 

month not more than 60 per cent shall show the presMoe of "Uie 
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colifoxitt group, Thfl coliftKrai bacteria coont la tbMW tests wsrs 

detezmined by ths Most Probable Hoaber (M, P, N.) ne^od, Baaaann 

^ (3) saggeste tbe foUoHiog classification fear neiiGiilorlBated 

water si^}pllest 

M. P, K, eolifora count per 100 nl* 

Highly satisfactory 0-1 

Satisfactory 1-2 

Suspicious 3 •• 

Hbsatisfactoxy greater then 10 

]}» Describing Tests of Treataents 

1, General 

Hpon cofflpleting the construction of the water treatasot plant, 

water was pushed fron the pond into 'ttie settling tank and allowed to 

flow oirt»o the filter until water covered the top layer of sand, A 

half-gallcsi of laundry bleach was poured into the water oa the filter 

and alXowed to pass throu^ ths filtsr into the storage taidc, thus 

sterilizing the filter* Laundry blaaeh was used to sterilize the 

storage tank idien it filled with filtered water. 

2, Treatiaent Settling and Filtering 

A test to dstsrsias ths effectivensss of the filter using 

settlJUih es the only t^retreatawnt was conducted upon cogpletion of the 

water treataient plant and sterilization of the filter, A flow rate of 

one gallon per ninute was establiidied throu^ the filter by regulating 



ibm level of tbe filter dlaeh&rge pipe la the storage teak* This flov 

rate represented an average rate of slx^ tvo gallona per square foot 

per day^ or 2,700^000 gallcaia per acre per day. Had the filter beea 

operated at this oapaoity for a tventy four hcur period, it would have 

filtered approxLioately litiiO gaUcms of water* Since nomal usage 

wofuld not irequire this period of operation, a solenoid valve 

oontrolled ty a tine olook allowed the aystea to operate mLy ei^t to 

ten hours per day* 

la srdMT to aaintain the one gallon per ainate rate of flow 

through the filter, the disoharge pipe which rotated on a swLvidL 

oonnectlon, had to be lowered daring eaoh regular inspeotion of the 

system to cospensate for the inorease in filter head loss* Eaoh tine 

the pipe was moved, the flow rate had to be re-establi^ed by 

its disoharge into a standard size ocaitainer* 

Saaples of the raw and filtered water were oolleoted and filter 

head loss readings were reoorded at one week intervals by sanitary 

engineers of the Tennessee Departsmt of Public Health. 

figure 17 shows the flow diagram for Treatment I* The test 

of this treatment extei^ed over a longer period of time than planned 

due to an equipment failtire* 

At the conclusion of the test, the top layer of filter sand was 

soratohed with a rake and the remaining water allowed to drain through 

the filter until the water level was below the top layer of sand* 

The dirty layer of sand was then removed by skimming with a shovel. 

Ihe top layer of sand was then leveled by raking* Viater tnm.the 
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clear etori^ tank eaa alloued to fXow bgr gravity through the fiXter 

in the reverse direetion to prevent a large depression fr<m being 

£<xnmd in the sand doe to the inooelng rmr mter having nothing to 

counteract its fall onto the sand. If the water level in the clear 

storage tank was below the filter sand level, a hose was connected 

frow the systeu discharge pump to the filter effluent pipe foroing 

water up through the filter. Onoe the water level over the sand 

reached approaanately three inches, the raw water was allowed to flow 

onto the filter. This proHea indioated the need for a better uethod 

of controlling the flow of the water onto the top of the filter. 

IwatMn*II. mt«rliig 

A test was conducted to detemine the need for a settling 

tank under the conditions existing at the test site, fhis was done 

by operating the filter without prior settling and ooqparing the 

results with tests inol^xding the settling tazUc, Treatiaent 11 was 

the teat of the systea without settling. 

The float switch and the raw wator discdiaz^e pipe were 

transferred to the filter tank to allow the raw water fr<m the p<md 

to be introduced directly onto the filter without passing tiurougjb the 

settling tank as indioated in the flow diagrae. Figure 18. The rate 

of flow through the filter was established at approximately one gallon 

per minute as in the previous test. Zhis flow rate was interrupted 

by the time olook and adjustments were joade in tlie outlet level of 

the filter discharge pipe to conpensate for head loss in the filter 

as in the previous test. Saaples of the raw and treated water were 
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eollactttd and tiller haad loasss wera daiandoii as in the pirevlous 

t«st« 

I^atnent III (Urat Te8t)t Coagulation. Settlings and Filtering 

Ths first test using ooagulation as a pretreatnaat was conduoted 

froa October 19$^, to NovwdMr 19$^, foiloMing the st^s shoim 

in the flow diagram. Figure 19» AXum, being the most conraooly used 

and STailable eoagulant, was secured in granulated form for this 

test, Tho pounds of the granulated alum were dissolwed in ten 

gallons of water and fed at the rate of fifty mllliliters per adnute 

into the influent raw water pipe having a flow of approxLaately t«i 

gallons per minute. Mixing was aoooaplished by introducing the alum 

SQlutlon into the influent pipe prior to its discharge into the top 

of a six-inch diameter, five foot vertioal tile located in the 

settling tank. The velocity of the water as it was ejected near the 

outer rim of the tile maintained a circular notion of the water until 

it eshansted into the settling tank through en opening in the bottom 

ef the tile. 

The alum treated water had an average minimim aettllng time 

in excess of ten hours prior to its entry into the filter tank, 

The rate of flow through the filtar was controlled by raising or 

lowering the filter effluent pipe as in the previous tests. The 

time clock was used to ocmtrol the quantity of water treated eaoh 

dsy« and samples of the water were taken as indioated previously. 
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$m Treatiaent lY (First Te3t)i Preoblorlnatlon, Settling and Filtering 

A test to dstenol&e the effeotlvexiess of prectalorlnatlcm as a 

method of producing potable water under the test conditions was conducted 

from Deoesher 3^ 19$^, to OeoaodMr X958* Sqoipment was set up 

aimiXar to the ooaguXant test except tiiat a ohXorine solution was 

introduced into the ̂ stea where the alum had been previously used 

(Figure 23)• !Ihe chlorine solutitm, using a o<»uaon household bleach 

eontaining $^2$ per cent sodium hiypoohlorite^ was fed into the raw 

water at a rate which would provide ten ppa of chlorine* 

The chlorinated raw water was allowed to remain in the settling 

tank for periods averaging not less than ten hours* This time was 

determined by the filter flow rate and the size of tank and was much 

longer than normally considered necessary* The chlorine residual 

varied from 0*1 to 0*3 ppm*, free and combined, as measured in the 

filtered water and <m top of the filter* 

Due to a failure of the tims-olook operated valve, the rate of 

flow through filter was controlled by the valve operated in 

oonjunotiMi with the flow rate meter* The filtered water was disposed 

of through the floor drain of the building* This method of eontrol 

did not utilize the storage tank nor the discharge pump* The filter 

operated continuously until it became clogged instead of intermittently 

as in previoua tests* Filter head loss, gallonage and chlorine residual 

readings were taken every day during this test liy esperiment station 

perscam^* Health Department perscnmel were the <»LLy able to visit the 

unit once daring the test to seoure saiqples for oheaioal, physical and 



baoteriologieal aoaOjrsisi is cmly <ms BmpUt ot tlits* dat^i 

for this test* 

6* Treataient III (Second Teat)t Coagulant (Hscihanical MlxiBe)* 
Seitling and fllterlnty ^ ^ 

The lov gallooage iAd<^ passed through the filter during 

first test using a coagulant presented a serious problara of aaintonaaoe 

if eoagulation vere used to assist in the removal of color and turbidity* 

The percentage remoTal of color and turbiditj was also belov the average 

of the other tests* Xt was thought that there was a possibility of 

insufficient mixing of the alum witli the water* A hsrdraulically operated 

mechanical mixer was constructed to use in aaolAier test of coagula^on* 

The mixer (Figure 20) consisted of ei{^t email paddles (Figure 21} 

epprcodBUitely eiid^t inches long end (me inch wide mounted on a idmft 

idiidft was driven by the water discharging through a noszle located 

approximately eii^t inches trm the dtiaft and pointed at right angles 

to the radial line (Figure 22)• The water discharged on top of a 

m^parating disk mounted two thirds of the distance frcmi the bottom 

of a fifty five gallon drtau The seter pamed through the ahaft 

opaming into the lower aectiim of the dnmi idiere the paddles acted 

ae a mechanical alxer* Kie almn solution was introduced into the 

pipe immediately before the water was discharged through the driving 

nozzle* Flash mixing wm accomplished at thie point. The paddles 

were drivjiehit approximately ten RPM which should be sufficient to 

aceonplish slow aixiag with a retention time averaging seven miautes* 

Mater was dis(diarged from the mixing dram (Figure 20) by gravitisr 
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KLguro <iO» ilechanieal Ooagulant Mixer Showing iinin. Top Intake, 
i-nd Side Discharge* 
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Figure 22» Meohanic&l Coagulant Mixer Shoviing liipciling 
.and Baffle in Operating jioaition# 
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throo^ a pip« having its intake vithin one inch ot the bottom of 'ttie 

drum. Pipes coimected the mixing drum mith the six-inch vertical tile 

located in the settling tank ihere ihe ooagiilant treated water mui 

allowed to discharge into the tai^. 

The rate of flow throu|^ the filter was controlled hy a valve 

regulated according to the flow rate meter* k solution consisting of > 

two pounds of granulated alum mixed wi-^ ten gallons of water was 

introduced at a rate of fift^ milliliters per minate* Head loss 

readings were recorded each digr tisa msit was ̂ rated| however, 

water sauries were collected only once due to the 9tort period of 

operation* 

7* Treatment 17(Second Test)! Prechlorinatlgn, Settling and Filtering 

Since preohlorinaticm as a pretreatmest of the raw water showed 

scats proaise in the first teat, it was decided to conduct another test 

witii this treatE»nt* The e({aipment set-up, procedures, and facilities 

ware the same as Ihose r«^orted f^ the previous test of this 

treatment* However, no one from the health d^artment was able to 

visit the plant to collect water samples during this testj hence, 

no comparison ean be made idth previous tests where water quality is 

involved* 
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WATER SOURCE (POND) 

CBLOEINS SOLUTION 

ZNT4KS PUMP 

GHLOBZNATIOB 

SETTLINO TANK 

FILTER TANK 

STORAGE TANK 

QLSGHARGE PUMP 

PRESSURE TANK 

FAB16TEAD DISTBIBUTXOi 
SISISM 

ligBXH 23* How dagraiFor TrMtmKRi VIg FrtaUlorination^ SottZlng and 
Filtering 
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WnMlft 

RESOIffS 

Qattiuniil 

lh« VLaLUd nTuabor of t«^ and tho lisdtod obserrotiona for 

each tesb elioinatee the poeslbillt^ of extensive statistical 

analysis* The saiaH quantity of data is prioarlly due to the 

looation of the eiq^exlaantal unit at the Middle Tmnessee Agricultural 

SxperiianBt Station shlch is approxiaiately 230 niles trcm headquarters* 

Also, the schedule arranged with the Sanitary Engineering Division of 

the Tennessee Depaxtaoit of Public Health uas such that only veekly 

Observation cotCld be recorded and sarnies coUeeted* Some of the 

tests vers sxtended over a two sonth period uhidi did net pendt 

many tests to be conducted during the limited time available* All 

of "Uie wat^r eaaples were collected lay eaqpezienced Sanitary Engineers 

idio also recorded all of the head loss data prior to the pz^chlorinatlon 

test* Filter head loss data was collected daily by an eaqperimMt 

station s>|>lQyee during the prechlorlnation and ooagulation with 

metiaanlcal mixing tests* 

\&en the tests were ccaq>letedj^ the flow rate meter was removed 

from the Installation and takm to the Knoxville Utility Board to 

cheek its accuracy. It was found ̂ at^e meter recorded only 88 

per cent of the water at a rate of one gallon per minute, 39 per cent 

at tiio gallons per minute and 97 per cent at five gallons per minute* 
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Qkaam aost of the water passing through this neter did so at rates 

less than two gallons per Bdnute, it was decided to correct the readings 

for tiiis neter hgr the 98 per cent figuire. 

Ihe gMierator*ainaeter portion of the flow rate neter was 

calibrated in the Agricultural Engineering Laboratory at the UniweraLigr 

of Tazmessee before being installed in the water treatment systM* 

However^ when this porti<m of the meter was ehecked \sy the Knoxville 

Utilities Boaz^ following completion of the test^ the ammeter 

readings reared oorrection as followsi 

Meter Readings Tested Rate 

0*5 gpa 1«0 gpm 
1 gpm 2.0 gpa 
2.9 gpa 5* gpm 

The flow rate aeter was used to aeasure part of the water '' 

passing through the filter in all of the tests^ hence tdie corrections 

were aade on only that portion idiioh passi^ through aeter. 

Since it was desirable to dstsraine tlw filter head loss at 

one gallon per minute flow, and sinoe there were no readings taleen 

at this level due to inaccuracies in the flow rate meter, two 

refex>ence sources were found which were helpful in calculating the 

one gallon flow rate figures froa the higher flow rate head losses. 

Ellas (9) reported that Hazen'a formila developed tiirou^ 

esperiments on filter sands, is adaptable to slow sand filters. It 

is as follows} 
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•c <|2 (jB(S45J2f) 
Telocity of water la aeters dadJy 

e * a coefficient 
d * effectiTe edze of eaad 
h•head of water 
Zi"depth of sand layer 
t * taa^erature of water^ degrees F 

Since Of df and t are constant at aiqr glren instaatf tti* 

Telocity 7 varies directly with the head loss* 

also q•7A 
idiere q * rate of flow 

V•Velocity 
A•cross section area of p«ree 

Since A is constant at any given instaixtf the rat# of floir q 

asy be substituted for velocity 7 thus showing the rate of flow q 

varies directly with ̂ e head. 

Jacob (15) reported that Darqy investigated the flow of water 

tbroogh filter beds and fowd 'Uiat the discharge through a filt^ 

varies directly with the loss of head at low flow rates* 

Since both Hasen and Sarey found that filter rates vary 

directly with the head lossf the head losses for the one gallon per 

ninute flow rate were calculated from the two gallon per islnute head 

loss readings* 

8* Treatment Settling and Filter]^ 

Approximateljy 19flS& gallons water were filtered during -ttds 
test (Table I)* Boweverf a breakdown of eq;aipiB«nt have affected 

the results scuMnhat* This galloaage represented the largest mount 



(at water filtered ia a3ay of teats and la eqptdralent to 823 gallon# 

per aquu?re foot of filter surface# 

It ie apparent trma Tal^e 1 that the filter head losa began 

to inorease rapidly as the filt«r approached clogging# Insuffioient 

data are available from this teat to dat<insine as^ rate of increase in 

head loss# 

ffi«s turbidity of the r&w water duiliig this teit ranged from 

fifteen to for-^ nine parts per mlllton (p»p#m») and averaged ttiirty 

five parta par million (p.p#»,), Tablo IX# Torhidity of the filter 

effluent ranged from three to ten p#p«tt« and averaged six p#p#m# 

Two of the five aamplea of filtered water had more turbidity than ia 

considered acc^table by the Twmeaaee Department of Public Health# 

Average jrfduoticm of im-bidity in this test amounted to 83 per cent# 

The raw water color ranged from 83 to 221^ p.p#nu averaging 

173#2 p#p#m# compared to the filter effluent color range of twen^ 

five to sixty five p.p.m, averaging 37.8 p.p.ra. Eemoval of 78 per 

cent of the color was acooa|)lished^ However^ all of the filter 

effliient aai^lea ecoitained more color than ia considered acceptable 

by tha health depar^ent# 

FLanktc© was removed ooi^lotely by the filter during this test# 

The ccaicentratlon of all of the minerals and chemioals ia the 

filtered water were within acceptable limits according to the 

fezmeasee Department of Public Health# 
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TABLE Z 

EFFECT 07 TBMTKBXT I, SETTLIHQ AHO FlLTEBIlia. 
OK 7LQV THBOUQH FILTER 

filter Head Loss, laohes 

QoantltiF of Filtered 
Filter Flotr Rate Water. Oallona 

Betneen 
Bate 1 gpa^ 2 gp» 5.16 gpa Readings Total 

——7w28«>5S 0.1> 0.8 2.6 

m7-31-58 0.2 0.lt 1552 1552 

8wlr^8 0.1.5 0.7 2.7 553 2505 

8-11*58 0.7 1«1| 3.8 2520 5025 

8—18*58 1.8 3.6 7.7 3921. 8979 

8-25-58 1.1 2.2 5.3 361t6 12625 

9-11-58 6.7 13.U 19150m 6525 

Calculated 
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TABLE H 

PHISIOAL, CHEmOAL AHD BAOTEREOLOaiCAL TESTS FOR IHEATMERT I, 
SETTLIHG Ai© FILIERINQ 

Dato Rair Treated 

Turbidity, p.p.au 7-23-58 32 5 

8-ij!-58 15 k 

8-11-58 h$ 10 

8-18-58 35 3 

0-25-58 Ml 8 

Arerago 35 6 

Color, p*p*RU 7-20-58 llj2 25 
f 

8-t«.58 88 30 

8-11-58 22k ' 65 

8^8—58 205 37 
If 

8-25^-58 207 32 

Arerage 173.2 37.8 

Alkalinity (CaG03), p«p«B« 
Phenolphthaleln 7-28-58 10 Ik 

8—11—:>8 10 0 

Metlyl Orango, p.p.m. 7-28-58 76 76 

6-U-58 62 72 

8-18-58 62 70 
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fABX£ XX (oonUnoiKi) 

PHTSICAL, CHEJtrCAL AHD MCTmOLOGllCAL TESTS tm TSSATmST Ig 
SETTLISQ AND PILTSaiNQ 

Date Baw Treated 

EavixiMa, p.p«m. Bats 7-28«58 68 ?3 

Free C02« 7-28-.$8 0 0 

Iron (Fa) p«p*m. 7-28-5S 0.62 o.aJ» 

Chlorido (CI) p.p.m. 7«^8-58 9 9 

Fluoride (F) p*p«m« 7«»28»1^ 0.2U 0.38 

pH 7*28-58 8.1^ 9.0 

8-U-58 8.U 8.3 

6-18»58 7.5 7.5 

Hitrate« p»p.a» 7<.28^S3 5.5 1.3 

8-18-58 O.Qk O.O!) 

lianganesa (Ibi} p.p.a. 7-28-58 0.0 0.0 

6-U-S8 0.0 0.0 

Galcim (Ca) p«p.]n* 7-28-58 62 66 

Magnesium (Ife) p,p,m. 7-28-58 6 7 

ColifOCTvto «1 (iS»N) 7-28-58 91 3 

8-U-58 230 91 

8-11-58 91 62 

8-18-58 73 3 

8-25-58 130 91 
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Coliforra bacteria averaging I83 per 100 nilliliter wae reduced 

by 73 per cent^ vith two of the five eco^les showing less than three 

per 100 nilliliter (Ifast Probable Umber)* Chlorination would he 

neoessajy to kill the resaining bacteria following this treatamit* 

C* TreatMmt U,Filtering 

During this testy 37ltU gallwis of water passed throvi^ the 

filter prior to stoppagey Table IH, representing only 36l gallons 

per sqitare foot of sand aurfaoe. Only four head loss readings were 

recorded due to the ̂ ort tlae requirad to cl<^ the filter} however^ 

the head losses as shown in Table III« indicated rapid inoream>s in 

head loss as the filter approached its stoppage point* 

Due to the short duration of the test only two saa^les of 

water were collected for analysis* Haw water tuxbidity ranged firon 

twonty-fise to forty-nine parts per million averaging thirty-seven 

p*p,m» (Table 17)* Filtered water turbidity ranged from 5 to 6 p.p.m. 

averaging ^*5 p*p*a*y idiioh represents an average txubidity according 

to the Health Department* 

Color was reduced from an average of 26l p*p*m* to 61 p.p«m*y 

(Table III), representing a 76 per cent reauoval} however, the filtered 

wator stiH contsdned more color than is recommended by the Health 

Department* 

The concentration of iron and manganese was hlghar than 

desirable wititi the possibility of causing stain on bathroom fixtures* 

The filter had no effect on the levels of alkalinity, s® or hardness* 

Coliform bacteria were redueed to less than three per 100 ml* 
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TABI£ m 

EFFECT OP TREATIffilir H,FILTERUIQ, CM PLOW THBOUGH FILTER 

Pilt*]* Read Loest Inezes 
Quantity of Filtered 

Water. Gallons 
Filter Plow Rate Between 
i gpa* 2 gpu Readings Tot«Ol 

——9-11-58 0.35 o.T —— 

9-15-58 0.9 X.8 1,090 1,090 

9'*26-S8 2.35 U.7 2,226 3,318 

9-29-50 5.75 U.5 U26 3,7l4t 

Calculated 

. I \^' ■ ■ 

"r ■■• 
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TABLE 17 

fSrSDSAI., CMECAL AHD BACTSRIOIX)OKAI, TESTS FOB 
TREATMSST II, FILTERISCI 

TurbidiiFf p.p.m. 

Average 

Color4 p«p*n« 

Average 

Alkalinity (CaC03) 
Phenolphthalein, p.p.m. 

Metbyl Orange^ p.p.n* 

Bardneee (CaCOj) p.p.m. 

Iron (Fe) p.p.m. 

pil 

Ifanganese (Ha) p.p.m. 

Colifom/LOO ml (MPN)* 

*!f9«t Probable ifOiAier 

Date Bav Treated 

9-15-58 It9 6 

9-29-58 25 5 

y' 37 5.5 

9-15-58 272 72 

9-29-58 250 P , 
261 61 

9-29-58 0 0 

9-29-58 90 80 

9-29-58 85.6 7lt.9 

9-29-53 1.65 2.60 

9-29-58 7.6 7.5 

9-29-58 1.15 1.05 

9-29-58 91 3 



n 

(B(Nsi Probabls Hiadoer) in both 0ayn{>les« It wus not«d that all of th* 

0«diBBnt was coUeoted in ths top one-half inch of sand during this 

test as centred to the one Inch depth is the preceding test. 

D. Treatment in (First Test) Ooagulation^ 
Settlingj^ and Filtering 

OhSy $$6Z galiwis of water were filtered during this test 

before ths filter beenas clogged (Table 7). This is at the rats of 

239 gallons per square foot of filter surface* Turbidltjr was 

reduced fr«B an average of 3U*3 p*p*m« to 9*3 p*p*w* Hone of the 

three filtered water samples was acceptable bgr the Health Department* 

Only 73 per cent rnaoval of turbidity was affected fay ^e system* 

Color removal averaged only^per cent, reducing it from an average 

of lU9 p*p*m« to 73*3 p*p*m* with one Maple showing only a 15 per 

cent removal of color. 

The ooaguleuit reduced the pH of the water from slightly over 

8*0 to 7*U* Iron and manganese were again hi^er than is considered 

desirable* The BR»st pr^ahle nuaber of coUfona bacteria was redsced 

to less than three per 100 ml. In all sables* 

S* Treatment 17 (First Test)t Prechlorinatim, 
Settling, and Filtering 

The first prechlorination test produced approxLmately 13»090 

galloiw of treated water prior to filter stoppage. Table 711• This 

gallonage r^reseots a flow throu^ Ihe filter of 563 gallons per 
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TABLE T 

EFFECT OF TREATMEHT III (FIRST TEST) OOAGUUTIOM 
SETTLINO AHD FILTERIIO ON FOT THBDB® FUCTt. 

/ 
Filter Head Losa^ Incdiea 

Filter Flow Rate Quautitsr of Water Filtered 
Between 

Bate 1 gpa* 2 am 5.16 gpB Readings Total 

ajD-iu-^ 0.37 0.65 2.65 

10-21-58 1.55 3.1 U.5 1835 1835 

20-27-58 2.6 5.2 8.1i 1056 2935 . 

11-3*58 U.9 5.8 «» 2115 505U 

U-5-58 8.25 16.5 # 508 5562 

•calculated 

yf-. 

'-f 
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TABIH n 

PHTSWAl,CHEMIDAL AKD BACTmOLOQKAL TESTS FOR 
mATMQJT K0» in (FIRST TEST) CQA.OUUTION, SETTLIHQ 

A® FILTERI® 

TreatedDate Rsar 

Tu3?bldity, p.p«m. 10-21-38 35 8 

•: ' ii 10-27-38 U3 30 

ll->38 ^3 „ 10 . .. 

Average . 3U.3 9.3 

Color# ?•?•«•' • 30-21-38 13^ 38 

10-27-33 180 70 

11—3-38 108 92, , , 

Average lit? 73.3 

Alkalinity (CaCOj) 
Fhenoli^thaleln, p»p«au 10-1)4-38 0 0 

10-21-58 0 0 

10-27-58 0 0 

Hathyl Orange# p.p»e* io-m-58 62 82 

10-21-58 n 91 

10-27-58 203 103 

Rardneas (CaCO^)# p«p*B« 10-27-38 83.6 83.6 



tkSSJi tl iQmUjssaii 

PHXSXGAL, OKmCAL AMD BA.CTEBIOLOQIOAL TESTS FOB 
TBEATMEMT HO. ZIX (IXBST TEST) QOAOULATICSI, SBTTUHQ 

AHD FILTEBXI^ 

Saw 7r«at«<| 

Iron (79) p»p.n« io-a-58 0,0 

u->5a 0,6 1,6 

PH 10-1U-S8 8.2 7.1» 

xo.a<*58 8.9 lA 

10.27-58 8*0i 7.U 

MMig«B999y (lii) p.p.n. io-a-$8 0.5 

10-27-58 1.0 1.0 

U-M8 0,3 1,0 

Baeteri<^ogio«dL 
OoUforVlOO A (MPH) io-a-S8 JO J 

10-27-58 90 3 

11-3-53 I 3 
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ims VII 

EFFEOf OF TmmST I? (FIRST TEST) PREOHLORINATION 
SETTLINQ AtiD FILTEBISK} OS FOOtf mOUQH FILTER 

Filter Bead Loss, Inches 

Quantity of Filtered 
mter Hov Rate Water. Gallons 

Gate 1 gpi^ 2 gpm 3.58 gpa 5.16 gpa Readings Total 

12->59 0.1(5 0.9 1.9 3a 

12-Ji-53 0.6 1*2 2.2 ^3.5 110(9 11(1(9 

12-5-58 0.65 1.3 2.5 3.7 3U7 1796 

12-6-58 1.1 ii.2 3.3 U7 1(15 2211 

12-7-58 Uh 2.8 lu3 5.7 m 2912 

12«M8 U9 3.8 5.5 7a I73i( 1(61(6 

12-5-58 2.85 5.7 7.6 9.1t 171(1 6387 

12-10-53 3.1 6.2 8.1i 9.9 89 6U76 

12-11-58 3.0 6.0 9.7 11.3 1770 a2U6 

12-12-58 3.95 7.9 n.o 1638 mk— 

—12->58 lu6S 9.3 10.3 1561 llfldiS 

— m —l2-iii-53 161(5 13,090-

^Calculated 
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ims mi 

FHXSIGAL. OUEMICAL AND MGTEH10LO(EOAL TS3T3 FOB 
JREATJ^T I?, (FIB3T TEST) PREOHLOBINATIOH, SETTLIHO 

AND flLTERlMO 

Ibte Bev treated 

farlddltgr^ p.p«a« 12-8-58 32 6 

Color, p«p*a« 12-8-58 lli5 kz 

Iron (F«), p«p*a« 12-8-58 0*25 0*2 

Manganese (ib), p«p.A« 12-8-53 0«0 0.0 

Baoteriologloal 
GoUfon0.OO nL (MPN) 12-8-58 3 3 

https://GoUfon0.OO


n 

jKjaare foot of filter eorface* 

8an|>le9 of water were oolleeted only oaee during thia tetrt due 

to contimioue operation of the agrstoai and its relatively rapid 

conpletion. Tazt>idi^ in the one aaaple was reduced from 32 to 6 

p»p.m, or 8l per cent^ which ie again not aoeaptable by the Health 

DepartmMt, Color was reduced hy Jl per cent frc« lU5 to U2 p«p*m. again 

being above the general level of acceptability* 

Baoteriologieal tests showed "Uio nost probable nuatber of 

eolifom bacteria to be lees ̂ an three per 100 ailliliter sanple 

for both raw and treated water* 

F* Treatnent HI(Second Test) CoagulatLoa 
(Ha^anical Mxing)* Settling and Filtering 

Sliehbly nore than l»600 gallons or 198 gallons per square foot 

of filter surface were treated prior to filter 8t(^pege« (Table S)* 

SaiBples were collected only once before the filter clogged due to the 

tests lasting only four digrs* Turbidity (Table I) was irediteed Srcrn 

fourteen to three p*p*n* or 78 per cMit reaoval* The tuitidity level 

in the treated water sanple was acceptable according to the Tennessee 

B^partaent of Public Health* 

Color was reduced fron 111 to 26 parts per million or 7$ per 

oent removal* 

The nost probabls oodher of eolifom bacteria was less than 

three for both raw and treated water* 

The pH of the raw water waa 8*6 whi(dt ie hi^er than is usually 



n 

X 

ETOOT OF fBEATHEHT HI (SECC®D tEST) GOAQOUHOli 
(MEOHANICA!:, HtHHO) SSmiHO AKD FILTEBIKQ OH FI/)W 

laBouaa fiLm. 

Filter Haad Loss 

Filter Flow Rata Qaan^ty of Water Filtera 
Betwim 

Date 1 gpri* Z gE» 5tl6 gl» Beadiings Total 

2*2it^9 o,\6 0.9 2.3 

2-25-59 X.8 3.6 9.7 im urn 

2-26-59 6.35 12.7 - 1998 3^407 

2*27-59 •• 120U 1)611 

^Calculated 
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TAB1£ X 

PHISICAL, CH1MK5AL AND BACKHIOLOQICAL TESTS FOR 
SECOND TEST OF TREATfEHT HI COAGULATION 

{MSGHANIXJAL MTXIHQ),SETTLING AM) FILTERING 

Bat9 Bav Treated 

kMMMW 

Ttottidity, p*p.a« 2-2I4-S? Ik 3 

Color, p«p«B« 2-2^-0 m 28 

Alkalinity (GaCOj) 
Fhenolphthalein, p*p«m. 2-2U-5? 6.2 2.1 

ifethyl Orange, p*p««* Z*2h''59 62 

Hardneea (CaCO)), p«p«n« 83 38 

Iron (Fe) p»p*n« 2m2h»$9 .72 .35 

Chlozride, p.p.ro. 2-2U-$? 17 13 

pfi 2.214-59 8.8 8.3 

(Mb), p«p*a« 2-214-59 0.01 0.0 

Bacteriological 
ColifoiVlOO^(*») 2-214-59 
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rttOffiomiulBd lAum alum ia usad aa a ooaipilant* This hie^ pH was not 

kncnwi tmtll tha water aai^la was swnt to the laboratoxT- for analysis^ 

and ttMi tost ooapleted. This faotor oould hava possihiLy haan tha 

raaaoQ for iix* reXativaXy low gallonaga of water treated during the 

teat. 

lha hydraulicalXy driren Mohanieal mixer, idiioh was deTelopad 

aiQpaoially for tliia test, operated aatlsfaotorily throoghoat the test. 

The Xev^ of oooeentraticm of minerals for which tests were conducted 

was 8ati8fastox7, (fahXa X). 

0. !Creatasnt I?(Second Test) 
FfaoUoxllnatlon, SattXiiig and nxtaring 

Xtds test was ooadmatad eaar a period of tea days duriag whioh 

the sanitary engineers £ron the tenaessea Oqpartoant of Public Health 

were unatle to visit the unit to oollect sajsplesj thus, no ooaparlscns 

aaa be made of water quality. However, filter head losses and total 

flow readings were recorded every day. A total of 16,775 gallazv ov 

720 gallcois per squiore foot of filter surface was treated during the 

test. Thev9 appears to be sufficient data from this and the previous 

prechlorinatioa test to suggest a pattern for filter head loss. 



yAHLTT. XX 

EFFECT OF BSEATHEHT 17 (SBGOHD TEST) PRECHLOHINAHOI, 
SSTTLma AMD FILTERINQ OH FLOW 

THBOUOH FlLm 

niter Bead Los3| Xnchee 

Qaantlty of Filtered 
Filter Plw Bate 

Betmeen 
Date 1 IP# 2 gpa 3.58 ipa 5.16 gpm Beaidings Total 

3-10-57 ——0.145 0.7 2.0 3.I4 

3-11-5? 0.65 1.3 2.1| I4.0 2323 2328 

3-12-5? 0.75 1.5 2.9 I4.I4 a55 1)1483 

3-l>5? 1.25 2.5 14.2 5.7 a52 6635 

3-llt-5? l.?0 3.8 5.8 7.2 152? 81624 

3-15-5? 2.1|0 14.8 7.3 ?a 23a 101485 

3-16-5? 3.0 6.0 U.17.3 1993 122487 

3-17-5? 3.2 6.14 10.8 1I4.3 20714 11)552 

3-18-5? U.? 7.8 I3.I4 1368 15920— 

3-19-5? 7.0 II4.0 — — 855 16775 

i
I"" 

"^Calculated 
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CHAPTER Vn 

DISCUSSION OP RESULTS 

A« Oeneral 

Since there were insufficient jwplications of treatments to 

analyze statistieally-y only generalised c(Mig>ari8ons may be drawn 

bet«e«i the effectiveness of the various treatsents. However, the 

results of the tests give Indications of tbe effectiveness of the 

treatasnt systen in general and ere reported in the peragrej^ 

which follow* 

B. Turbidity 

There seems to be no great difference between the various 

treatments in toeir d^iUty to resnove turbidity from water. 

Figure 2)U* The percentage of removal ranged from 71 to 8U per c<mt 

with the two tests using coagulation having the lowest percsntages* 

This could be due to iaqproper use of the coagulant rather thm aagr 

difference between the treatments* According to these tests, 

turbidity of the treated water depends largely c« the turbidity of 

the raw water (Figure 25) since there meaus to be a straight line 

eorrelati^ between the two* The oorrelaticm between the turbidity 

of the raw and treated water is significant at the 90 per cent level 

of probability (Appendix B) * It appears from ^ese tests that the 

filter has more effect on the removal of turbidity than the pretreatsent* 
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All Oif ttw treatments tested had sanples in idiioh the turbidity was 

higlwr than is oMuddered seci^table by the fennessee Itopsrtswat of 

Public Healthy in all oases these sasples sere sithin the 

maxiw aeceptability range according to the Utti.ted States Publio 

Health Service* 

0* Odor 

Ihe remoTal of color by the Yarious treatments ranged from 

71 to 78 per cent in all except the first eoagolatian treatment shioh 

removed only $1 per cent (figure 26)* Ibis low removal rate is 

probably due to iqprqper ase or ndaring of the coagulant rather than 

a diffexvmoe betwesii traatmmts* 

Ihe extremely high amount of color in the pond water presents 

a problem in treatnent tdiich this fasten did not overcoms* Ihs 

Isvd of color in the treated water is not objectionable as far as 

sanitary oonditi<m8 are eonoexned* gosever, "tiiere night bs soam 

esthstio objeoticm to it* The author feds that a farm or rural 

family would be willing to accept and use water with this color 

levd in areas where other souroes are inadequate* 

B* Minerals and Ohexicsls 

The levd of ocmcentration of nlnerds and cheaioals cox which 

tests were conducted was not objeotLonade in moat cases* Iron and 

msaganeee, oondned, were higher than reocwmended in scne oases| 
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however, the eefety of the water for hojuoi ooxuntoptloa was not inpalred 

hgr these oisieraXs* Fareohlorin&ticm should eause son* of the Ircoi to 

oaddlze and settle or be filtered out* 

B« Oollfoxm Bacteria 

the aost probable muober of coliform baoteria was lese thwi 

three per 100 nllllliter in the treated water before chlozination la 

all tests exoc^t the initial one* It is still nsoessazy to ohLorinate 

or sterilise the water for huaan c(ai8anf>tion« 

F« Taste and Odor 

A Buaty odor was detected in the filtered water daring ell 

of the tests* The odor of deteriorated grass silage was partlculaxly 

noticeable following the filling and subseqttent leakage of a nearby 

silo into the pond* the addition of activated oarboa should rsnove 

those objsotiMiafale odcnrs and tastes* 

Q« Quantity of Water Filtered 

The three tests (Figure 27) iddoh included settling, with Ihe 

escseptian of the eoagulatioa tests, produced an average of four tiaes 

as moh filtered water as test without settling* At least 

one-fourth inoh of sedinsnt was dq^ositsd en the bottm of the 

settling tank during eone of the testa, thus preventing this turbid 

naterial tvm being deposited cm and stopping the filter* It is 
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therefore evident that eettliog is necessazy to the efficleot operation 

of this flQrsttts. Ho test vas eonducted to detennine the aoet effective 

eettling tlaw. It was felt that iiie low gallonage recorded daring 

the coagulation tests was due to small particles of floe clinging 

the surface of the filter even thoai^ most of the floe and turbid 

particles probably were deposited in the settling taidc* 

In terms of quantities of water filteared between filter 

skimming^ there sefsaed to be no great difference between treatsiiwat 

settling and filtering^ and treatment Tf, prechlorinationf settling 

and filtering. 

H. Pattern of Filter Stoppage 

Sufficient readings of filter head losses were recorded during 

both tests of treatment 17^ precdaorinatlony settling and filtering, \ 

to give general indication of the pattezti followed in filter stoppage, 

(Tables 11 and XI}• When the filter head losses are plotted against 

the cumulative quantity of water filtered (Figures 28 and 29) a 

definite pattern develops. There seems to be very little increase 

in head loss during the period when the "schmutsdecke", tiie surface 

layer on the filter, was being formed, A to B in Figures 28 and 29* 

It appears that the head loss increases at a more rapid, but constant, 

rate to the extent that a higtly significant (Appendices C and D) 

strai^t line will represent the readings fztmi point B to point C* 

Hmr point C, the heed loss begins to increase at a mudi greater 

rate, C to D, and the filter becomes clogged. Kxe most effective 
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range of operation of the filter oeonrs daring the period npree«ated 

betfieen points B and 0« 

fieadlnga vere taken at flow rates higher than that ehieh the 

filter aoraally operated to ohMk the aoourae^ of the lower readings 

and to see if the length of filter life ooold be predicted in the 

early stages of filtration* these readings were plotted in Figures 

28 and 19 tet no definite nethod of prediction appeared to be 

feasibLe fron the United data available* 
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' \- '.'V ' ^V': CHAPTER VHI 

MEED FOR ADDITIOM&L RESEARCH 

Xh« results of tb» teists lAidi am lierein reported iuidioaift 

the seed for further research in Turloos phases of this project* 

S(»e of t^e prohlms and possible solutions are Indicated In the 

foUowiiig paragraphs and It is felt that thej justify further 

investigation. 

1. Solving the pr(A>l«i «f filter clogging is of utaost 

lai>ortanoe if this system is ever to be utilized by any large naaher 

of farners* Investigation into sevezel aspects of this problem 3ni|d^t 

include the foUoeingi (a) Killing algae in p<nid before it maches 

the treatment plant. This nssds thorou^ testing to dstermlne the 

effects of chemicals on humans^ bacteria^ algae* flidi* Uvestodc and 

pleuits. (b) Application of settling agents to remove algae* toxbidity 

and color prior to filtration* 

2. Study the effect of sand sizs on the roraoval of bacteria* 

turbidi^* color* algae and other foreign material in the eater. 

Determination of the effective rates of floe through these various 

sand sizes is neesssary. 

3. Dstermins tiie effect of otlwr methods for the removal of 

algae* turbidity* eolor* bacteria and other objectionable materials. 

These methods might include centrifuging* radiation tmatmmt* sonal 

treatmnt* pasteurisation* chemical filtration and coagnlation throu^ 
f 

tlM use of various chemleals* 



CHAPTER IX 

SUfHART AND COaCLUSIOSS 

Th« Inorvasod irater la th9 modern hom and the 

latej»6 technology <m fanastead operation haTO caused the denands 

for potable water to exceed toat idiioh is gmerally available from 

ground water sources in certain axoas of Tennessee* It app^vnt 

that surface water sources such as streaas and ponds offers the 

aost practical source of water in areas of ground water deficienqr* 

The aajor drawback to the use of surface water £&e rural 

dosnestie and famstead use is the lack of a water trs«ta»iit systaa 

idtich will provide an adequate supply of potable water^ is easily 

and econoolcally constmictedf and requires a Binisaai of atteny.CMh« 

This retH»arch study is designed to study tine problem involved in 

tiia operation of an individual d(»iestie or fam water treatment 

iQrstea and detemine its effectiveness in meting the requiremnts 

for safe drinkable water under conditions liiioii my be found in 

Tennessee* 

The design of tiie ̂ stoa incorporates idjsmnts idiioh can bs 

prefabricated and install.ed as a otnqplete unit near a water source* 

Pre-cast septic tanks mre used in the test unit for the settling^ 

filtering and storage tanks* Roweverj these tcuiks eould be pre-Ksast 

with fittings cast in place if the denaad for the cysten will Justify 

tiM development of foms* 

https://install.ed


9S 

PXujB^blng eleBMats could be preooutf threaded aad aaaairiblsdi in a Iditf 

idiilA other elemeote su^ aa tiba ehi^eal feeder could fit the ayateai 

without alterations* 

the s^rstMi as <lscLga»d vas constructed adjacent to a pond on 

Iflddls Tennessee Agricultural SiqMKriBkent Station* Pour treataeots 

were selected for testing idiich were (a) filtering only^ (b) settling 

and filtmrittg, (c) coagulation, settling and filtering, and (d) px^ 

chlorlnation, settling and filtering* 

the teats resultsd in Ihe following conclusionst 
♦

1* the water treataent listen as mad during this series 

of tests requires too mudi maintenance tine in relati<M& 

to the quantity of water treated. 

2* The turbidity lewel of the treated water was in all cases 

within the maxinum limits established i^e United States 

Public Heal^ Service* However,^e turbidity level did 

not always meet the standards set hy the tennessee 

Department of Public Health, since the tMmessee Standards 

are hii^er than those of the United States Public Bsalth 

Service* 

3* the color level of the treated water exceeded the standards 

set by both the United States Public Health Service, and 

the tennessee Departmmt of Public Health* It was felt 

-Uiat ths degree of coloration in the water did not 

rs^resMBt a hasard to health but mi^t be objectloi^ls 

where uawrs require special water conditicms* 
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i(« Th« ooUfozv b&cteria ooant after filtration mui less 

three per 100 ai,Hilltore (MPN) for all the testa aanept 

the Initial one* Ihia la a satLafactory level idun 

eonblned with ehlozlnatlaa. 

5« ^oheaieal teata indioated no neeesalty under most farn 

and residmtiel condltloaa for additional treatoent to 

reame angr of the ndLnsrala and eheaieala for utiloh tests 

nere ocmduoted* 

6* Hthouj^ there vere no apeoiflo tests aade for taste and 

odor^ theaa were objeotlonahle at tinea* A naatgr odor 

was noted several times and a strong odor of spoiled 

grass silage was in evidence following the filling and 

subsequent leakage of a silo loeatad in the watershed* 

?• Biere seemed to be no apparent advaotage to prechlorinatioa 

and filtering «a eoaQ>ared to filtering and post-chlorlnatioo, 

fi* Sediaentation prior to filtering ia nsoeasary to the 

extension of filtsr life* 

9# Oeagolationi using alum, was not effeotive under the test 

ocoiditlons* Xt also aore than doubled maintenance aaad 

required additional equipment investment* 

It is reoommsnded that researeh studies on this project be 

eontinued with ea|}haais on developing more effeetive methods for 

the removal of algae, turbidity, color and undeslraHe taste and 

odor. Particular attention should be pointed toward methods for 

decreasing maintenance problems* 
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AFPEMDIX A 

STATE OF TENNESSEE 

DEPARTMENT OF PUBLIC HEALTH-DIVISION OF SANITARY ENGINEERING 

SIEVE ANALYSIS OF SAND SAND FROM._yjL_l»-E5m§r_^ent__Gta._.
200 0.0 0.074 1'■" I 1 1 1 1 1 1 I I ■llli Mill ""|M 0.0 FOR CITY OF._SPXiD£.-Uill 10.0 10.0 

Ey E DATE RECEIVED ANALYZED 20.0 20.0 
EE 

30.0 30.0 BY SAMPLE NO. 
• 1 1 1 ..1,.ill llllll .I....I . . . . 1... 40.0 400 

45.0 0.1 02 03 04 0b OjS /Q7 08 09 10 
SIEVE 50.0 50.0 2! 

CUMULATIVE WEIGHT PER CENT S5 u-is 60.0 60.0 PER CENT 

55.0 

0.147 ° !<i Q. RETAINED WEIGHT 
65.0 |-WEIGHT -= 

IN CRAMS RETAINED 
RETAINED 70.0 700 0.175 l>i 

75.0 h-
0.221 80.0 80.0 

101.900 0 0 0 

20 0864 10-7 2.1 2.1 0.279 85.0 

25 0.710 118.9 28.8 25.9 lllllllll 1 . . .. 1 , . 1 1 30 0.503278.8 54.7 80.6 90.0 
OJ 02 Q3 04/ 05 06 07 0809 IO 

900 

92.0 
35 0.447 8.8 88.9 0.447 01 93.0 

91.0 

/ 0.503 y 40 0381 80.1 6.0 94.9 94.0 ?
I 2 45 0.323 12.9 2.6 97.5 95.0 |-III UJ 

0. 50 0.279

1
/ 96.0 10.0 2.0 99.5 

> 
60 0.221 6.7 1.3 0.864 o _E 

UJ

5 97.0 0 

O ! = 80 0.175 LmU 0.9 

100 0.147 98.0 

ouo 200 a074 o •0o iOo tn
S (O ro rvj {3 

PAN 

TOTALS 99.0 990 
99.1 

99.2 AMOUNT examined J3M. 

EFFECTIVE SIZE QmL5—. MM.
IiiiImii

99.3 

llMI iiiiliiii llll lllllllll 994 
60% FINER THAN . MM. 

99.S UNIFORMITY COEFFKIENT__JjlS. 

99.8 ' < 1 1 1 1 1 1 1 1 1 1nil 1 1 1II ill !llttillllllIII!llllllllll III !iiiiiiillliiil 1 1 1 1 1 1 1 1 1lllllllll REMARKS 
O08 .07 08 .09 OJ 0.15 0.2 025 03 0.4 0.5 06 07 08 09 lO 1.5 2.0 26 

SIZE OF SEPARATION OF SIEVE IN MILUMETERS 

001 
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BEQSESSIOil AHAXISIS OF TURBIDITI RE3»?AL 

Water Treated Water Deviations From Squares Products 
Means 

X T X X X2 XI 

32 5 1*2 1.5 l.UU 2.25 1.80 

15 k 18.2 2.5 331.2U 6.25 li5.50 

li9 10 15.8 ♦3.5 ^9.61» 12.25 55.30 

35 3 1.8 -3.5 3.2U 12.25 -6.30 

lA 8 10.8 ♦1.5 116.6U 2.25 16,20 

h9 ' 6 15.8 •0.5 2l*9.6l( 0.25 -7.90 

25 5 "•8.2 -1.5 67.21* 2.25 12.30 

35 8 ♦1.8 ♦1.5 3.21* 2.25 2.10 

1*5 10 ♦11.8 ♦3.5 139.21* 12.25 ia.3o 

23 10 •10.2 ♦3.5 lOU.Oli 12.25 -35.70 

32 6 -1.2 -0.5 1.1*1* 0.25 0.6 

aii 3 -29.2 -3.5 368.6li 12.25 67.20 

ten 598 78 0 0 1635.68 77.00 193.00 

Mean 53.2 6.5 

y • 6.5 ♦ 193 X 

j • 6.5 ♦ .118 X 
X - 2.6 ♦ .118 X h' 

Significant at 905 lerel of probability 
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APPEIDIX C 

REQHESSION ANALYSIS OF FILTER STOPPAGE RATES, FCR 
PSSCHLORINATION, SETTLING AM)PIIOTillE} 

TREATMEOT, FIRST TEST, POINTS 
B TO C IN FIGURES 28 AND 29 

CumilatlTe 
Sum of Bead 

Filtered loss, Devlatioii 
Water, Gals. Incdxss From Means Squares Products 

X 7 x2 7^ x-7 

1796 0.6$ 4420it -1.86 1767.36 3.U596 7819.14t 

2211 1.1 -3789 -i.ia 11^35.65 1.9881 S3h2.h9 

2912 l.k -3088 -1.11 953.57 1.23a 32*27.68 

1|61)6 1.9 -1353^ - .61 183.33 .37a 825.9U 

6387 2.8$ 387 .3lt lb.98 .1156 131.58 

6kl6 3.1 U76 .S9 22.66 .3U8I 280.614 

82I46 3.0 22I16 •U9 50U.U5 .22401 1100.5U 

988U 3.9$ 388U l.Mi 1508.55 2.0736 5592.96 

niiijg h.6^ 2.1U 296U.80 J4.5796 U652.30 

51j003 22.60 9355.35 Ii4.1t089 36173.77 

6000 2.51 

.98^ 

7•2.51 ♦ 3^ 

7•2.51♦ .000387* 

7 .0003871* 0.19 

** iStlpiifleaat «t 99 per e«At> level of probabillt7 

https://36173.77
https://32*27.68
https://11^35.65
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APPENDIX D 

SBQHESSION ANALISIS OF FILTER STOFPAQE RATE fCB 
fBECHLORIHATIOH, SETTLIMQ km FILTERING TREATMENT, 
SECOND TEST, POINTS B TO C IN F3DURES 28 AM) 2F 

CumLatiw 
Sam of 
Filtered 
Water^ Gala. 

Head 

Loss 
Imdiea 

Deviati(»i 
From Msaoa 
X y x2 

Squares 
y« 

Products 

*y 

m3 0.75 -1*983 -1.33 21*92.83 1.7689 6627.39 

6635 

8l6b 

1.25 

1.90 

-2831 

-1302 

-0.83 

-0.18 

800.1*5 

I69.5i 

.6889 

.0321* 

231*9.73 

23l*.36 

3X)1;85 

12U78 

1^552 

Staa 5679T 

Ifean 9U66 

2.1iO ♦1019

3.0 ♦3012

M ♦5086

12.50 

2.08 

♦ .36

♦ .92

♦1.12

103.81* 

907.21

2?86.7l^ 

7060,59 

.1296 

.81*71* 

i.25iaf 

U.7216 

366,8k 

2771.01* 

5696.32 

I80i*5.68 

T•180L5.68 _ 
Bggals' 

y•2.08 ♦ l8oii5.6d ̂  
13535r* 

y•2.08 ♦ ,000256 x 

I•.000256 I- 0.3li 

** «fc 99 per emt Xetntl of pr<&ability 
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