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ABSTRACT 

The growing concern for water quality enhancement of our 

surf ace waters has led to changes in detention facility design. 

Providing a filter media for the effluent water to travel 

through before discharge into the environment has become an area 

of interest . Thus, detention facilities may be used for both 

ater quality and quantity control . 

Different soil medias were studied for the potential of 

pollutant removal and infiltration rates usable in design work. 

Both laboratory and field experimentation were performed. 

A computer program was also developed to model stormwater 

movement through a swale detention system. 

This research was performed to examine filter media and 

to indicate the advisability of designing a combination of de

tention ponds and berms. 
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CHAPTER I 

INTRODUCTION 

The growing concern for improved water quality in our drinking 

waters and recreational waters has always been an important aspect 

of our daily lives . The quality of our lakes and streams have been 

severely degraded in part due to uncontrolled discharges of storm

water into them. Techniques have been developed to reduce the quan

tity of stormwater by re-routing their flow into detention/retention 

facilities . Also~ these facilities have the more common application 

names of ditches or swales, depression areas, detention ponds, per

culation ponds, holding areas, and sedimentation ponds. They have 

been primarily successful for flood control purposes in reducing 

peak discharges and acting as equalization basins. 

In accordance with the Florida law F .A .C . Chapter 17-25, 

these ponds are designed to hold the runoff from the first one 

inch of rainfall. The quality of this water is usually extremely 

poor, containing various pollutants such as heavy metals, oils, 

greases and nutrients rich in nitrogen and phosphorus. Since this 

polluted water is conveniently stored in these detention sites, it 

only seems logical that this is the place where water quality im

provement should occur - before it is discharged into our lakes, 

streams and estuaries. 



2 

The concept of using detentiou a r eas f or wa ter quality enhance

ment as well as for flood contr ol purposes woul d make these facili

ties valuable pollution contr ol devi ces. Pollutant removal by fil

tration of the detention water through a natural so i l media mixture 

would probably be a good addition to these ponds . Using underground 

filtration systems would also enable these ponds to keep their 

aesthetic value without having to dredge out these areas completely . 

ith the proper filter media in place, pollution contr ol fo r water 

quality improvement would become a second benefit of deten t i on / 

retention facilities. 

Scope and Objectives 

The main interest in performing this research is t o exami ne 

different t pes of filter media mixtures and report on t heir ef fec

tiveness for po lutant removal . Estimation of exhaustion times will 

be included as well as permeability rates of thes e so i l mix tures. 

The purpose of these findings is to aid in the design of a filtra

tion system for detention area ponds . 

Basically, the research has been di v i ded into t hree major areas 

of concern . Initially, laborator y work on soil columns will be per

formed to determine favorable soil mixtures . Using the results 

from this experimentation, a proto t ype model wil l be studied based 

on these filter media types . Th e prot otype model will give an 

idea of how the filter will work on a more real life situation and 

help to po in t ou t diff i cul ties that were not encountered in the lab. 
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The final part of this research is to report on the perfor

mance of a recently built detention facility with bank filtration 

system. Based on previous design parameters, this alum sludge and 

sand filter will be studied to determine its effectiveness. A 

computer program to model a storm event as it passes through a 

swale and swale block will also be developed. The purpose of 

this is to estimate, on an annual basis, how lar8e of a detention 

s stem will be required if a swale berm is used. 



CHAPTER II 

LITERATURE REVIEW 

The use of a stormwater retention facility has been primarily 

based on the design for water quality control. The major design 

guideline for such a facility has been to divert the runoff from 

the first one inch of rainfall into the pond. Criteria for this 

method is based on the "first flush" effect. This concept uses the 

idea that most of the pollutants in stormwater are present in the 

first portion of rainfall runoff. Use of this design shows that 

retainment of the first flush will give a pollutant removal of up 

to 90 or 95 percent ( anielista 1979) . Thus, retention ponds are 

holding areas for polluted waters . 

Another important stormwater management technique is to de

tain runoff waters so as to reduce peak discharges. Detention 

areas or ponds are used to attenuate hydrographs. Designs for de

tention areas are based on a site specific runoff hydrograph and 

a detention area discharge hydrograph. The volume difference 

between these hydrographs determines the size of the detention 

areas. 

The dual use of these ponds as an area for further pollutant 

removal should be considered since the polluted water is already 

4 
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stored in a convenient area to be treated. This topic has just 

recently become one of important interest. 

Little research has been done in the area of pollutant removal 

from detention ponds. From the limited studies found in the liter

ature, it seems that there are two possible processes under investi-

gation . One process of removal is based on the sedimentation and 

bottom containment of pollutants in the detention areas. Additional 

removal of pollutants may be achieved by filtration of the effluent . 

as it leaves the detention areas . 

itrogen and Phosphorus Pollution 

ndesirable concentrations of nitrogen in water systems has 

two main pollution reasons involving both health and ecological as-

pects. itrate-nitrogen may become a health hazard. High concen-

trations in drinking water have been found to cause such symptoms as 

methemoglobinemia in infants and vitamin A deficiency, reproductive 

difficulties, and abortions in animals. Thus, this concentration 

should be kept low, with a maximum established concentration of 

around 45 mg nitrate per liter (Bolt and Bruggenwert 1967). 

The ecological aspect concerning high nitrogen concentrations 

is the fear of surface water eutrophication. This process causes 

rapid growth of aquatic plants such as algal blooms. Eutrophica

tion is a natural process which is accelerated by human activities 

such as discharge of domestic and industrial wastewaters, treated 

effluents, runoff and leaching of fertilizers. Although the exact 
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reason for eutrophication is not completely understood, it has been 

accepted that nitrogen and phosphorus concentrations in very low 

amounts (less than 0.01 mg/l for phosphorus and less than 0.2-0.3 

mg/l for nitrogen) may prevent the acceleration of eutrophication. 

Studies have shown that phosphate concentrations in surf ace 

waters fed with drainage water favo r the excessive growth of phy

toplankton (Bolt and Bruggenwert 1967). Thus, phosphates are also 

important in the eutrophication process. 

itrogen and Phosphorus in the Soil 

Using soil as a filter may not retain selected forms of nitro

gen such as nitrates, due to their relatively high mobility in the 

soil. Conversel , phosphates have a comparatively low mobility in 

the soil so that phosphates reaching ground waters are relatively 

small. These two contrasting elements may be examined with respect 

to their relation with the soil. Since the soil provides excellent 

adsorption sites for phosphates with a high retention capacity, its 

use for the disposal of nitrogen compounds is rather limited and 

nitrogen removal hinges on the capacity to provide a medium for de

nitrification to occur (McLarren 1967). 

The major form of nitrogen in the soil is organic nitrogen. 

This amount can be as high as 90% for top soils. Since organisms 

generally use the inorganic form of nitrogen, the relationship be

tween the two needs to be shown. Mineralization is the process 
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by which or ganic nitrogen is converted to inorganic forms. Imme-

bilization is t he reverse process. These processes are typically 

microbia l dependent. 

Mineralization i s the most understood process. Inorganic forms 

of nitrogen of inter es t i n this study are annnonium-nitrogen (NH
4
+), 

nitrate-nitrogen (No
3 

) , and n itrit e (No
2 
-) . The rate at which 

mineralization occurs is influenced by a number of external condi-

tions . These include temperatur e , pH , f ree oxygen and water availa-

bility , and the presence of o·t her nutrien ts. The pathway of nitro-

gen through the soil is shown in Figure 1. This figure shows that 

there are a number of r eactions which may occur if secondary sewage 

is spread on the soil + . NH
4 

may r eve r t t o NH
3 

if pH values are 

fa arable and some NH
3 

may be lost due t o volatilization. The re-

maining arrnnonium will be displaced t hrough the soil subject to 

a numb r of adsorption and fixat i on processes. This would result 

in an incorporation into t h e micr obial tissue and re-enter into 

the living organisms which wil l undergo mineralization and thus in-

crease the i norganic n itrogen concentrations. 

The major pr ocess lef t t o occur is nitrification, which will 

on ly happen .if spec i al conditions are met- These conditions in-

elude su ff i c i ent amoun t s of ni t rifying organisms, sufficient free 
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oxygen, presence of carbon sources, and satisfactory conditions of 

moisture and temperature. Nitrate ions formed in this process will 

not be adsorbed since they are highly mobile in the soil. 

A OSPj.j£R~ 

vole •l• l O 10 

GROlJ 0 WA ER 

::.econdo- !le woge 

e f fl uent 
90-95•1. Of I!> M : 

mo er 

c e mo 
de n 1tr 1f 1cot1on 

Fig . I. Transformations of nitrogen in soil, departing from 
an NH

4
+-nitrogen source (Bolt and Bruggenwert 1976). 
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Nitrif ication 

The process of n itri fication consists of a number of different 

steps . The fir st one i s the ox idation of ammonium to nitrite which 

occurs by nitrosomonas bac ter i a. Nitrite is an intermediate which 

is further oxidized by nitr obac ter to nitrate. If the environment 

is highly alkaline , ther e wi ll be an accumulation of nitrite. This 

is likely due to pH restric tions . 

Since nitrification is a mic r ob ia l process, there are a number 

of factors which effect it . Optimum temperatures range from 25°C 

to 30°C. Temperatures out of this r ange l i mit this process. Mois

ture content is also very importan t. Hi gh moisture contents prevent 

nitrification from occurring due t o t he lack of oxygen. The optimum 

condition is to be two- thirds saturation. An increase is found in 

the nitrification process given ammon i um i ons are present. In the 

absence of oxygen denitrif i cation may occur given an energy source. 

Since denitrification acts on t he nitrate ion for nitrogen gas for

mation, it must follow nitrif i cat i on . The main conditions for de

nitrification include prevalence of nitrate, an energy source, re

ducing conditions, and temperatures above 25°C. Since a high mois-

ture content in the soil may give a decrease in oxygen available, 

denitrificat ion i s possib l e. Theref ore, a moisture content which 

sat i sfie s n itrif ica tion can be applied followed by a complete satura

t ion state t o favor denitrification. In natural systems, the con

ditions for denitrification are poor due to the lack of energy 

material and denitrifying microorganisms present in the soil. 
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In summaYy, excess nitrogen compounds entering the soil create 

problems when nitrate ions leave the topsoil and reach the receiving 

water supply. The soil's low capability of retaining nitrogen forms 

points towards denitrification for nitrogen removal. In order for 

denitrification to occur, specific environmental conditions need 

to be presented and, thus, suggest a low possibility of nitrogen 

removal. 

Phosphorus Removal Mechanisms in the Soil 

-3 Clay materials have a high affinity for P0
4 

ions showing 

that there is the existence of chemical bonds between the solid 

phase and phosphate . This has been shown by experimentations 

-3 with high P0
4 

ion concentrations. Clay minerals became negatively 

-3 
charged on their edges in the presence of high P0

4 
concentrations, 

thus, often forming a bond with the phosphate ion. The adsorption 

capacity is not ver large, but depends on the amount of oxides 

present in the soil. A probable explanation for the strong bonding 

of PO - 3 with Fe and Al oxides/hydroxides is that there is a coating 
4 

of Fe-Al oxide/hydroxide on sand grains, found usually in sandy 

soils. This seems to increase the phosphorus retention in the soil 

and decrease the mobility of phosphates in the soil. 

Sedimentation Processes 

Removal of pollutants by sedimentation in detention/retention 

areas is related to the settleability of suspended particles. 
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Gener ally , i t ha s been observed that suspended solids can usually 

se ttle in these areas. Maj or factors which determine pollutant 

s e ttleability include detention time, basin design, outlet structure 

design , particle size , and basef l ow concentrations (Scherger and 

Davis 1982) . 

Deten t ion t i me i s the primary indicator of pollution control 

capability (AWWA 1981) . The di ff i cu l t y in determining this parameter 

is due to the unsteady- state s ituation in a detention pond. Storm 

events are random and stormwater flows vary from storm to storm. 

It has been proposed that t he deten t i on time be determined on a 

mass balance basis and calcula te how l ong it remains in the pond 

(APWA 1981) . 

Recent studies on a detention basin by Scherger and Davis (1982) 

showed that there were other pollutants removed besides suspended 

solids from 10 to 85 percen t, TKN reduc tions of 0 to 50 percent 

and phosphorus reduction of 0 t o 82 percent. These findings show 

that there is variab i lit y i n t he remova l efficiencies. These fluc

tuations wer e expla ined by t he fa c t that most of the nitrogen was 

in t he soluble form and phosphorus was mainly in the insoluble 

fo rm . A h i gh removal of iron was also noted in this study. 

Other studie s on removal of pollutants by settleability include 

those by Whipple and Hunter (1981). Using a total of four composite 

s ampl es over a period of 32 hours, stormwater was allowed to settle 

in a 6.0 ft (1.83 m) high, 0.75 ft (22.9 cm) diameter column. The 

removals observed are given in Table 1. 



12 

TABLE 1 

STORMWATER POLLUTANT REMOVALS FROM SETTLING COLUMN 

Percent Percent 
Pollutant Removal Removal 

Range Average 

Suspended Solids 62 - 73 68 
Total Phosphorus 30 - 67 50 
Lead 55 - 84 65 
Zinc 17 - 36 30 
Copper 31 - 58 42 

ickel 20 - 42 30 

SOURCE : Whipple and Hunter 1981 . 

A similar study was performed by Randall et al. (1982) where 

stormwater was allowed to settle for 48 hours in 4 feet (1.22 m) 

deep, 5 inch (12 . 7 cm) diameter columns using a total of 7 runs. 

Results obtained from this study showed substantial reductions of 

pollutants including a lead removal of 86 percent and total nitro-

gen removal of 33 percent . Overall removals from this experiment 

were slightly greater than that found by Whipple and Hunter (1981). 

This may be due to the difference in the settling times or the dis-

solved fractions of pollutants. 

Wanielista et al. (1981) conducted settling studies from an 

urban area. They reported reductions in suspended materials rang-

ing from a high of 52% for TSS to a low of 20% for lead. The use 

of alum coagulation and detention showed a higher improvement in 



13 

stormwater quality than when detention was used alone. Alum coagu

lation gave low reductions of nitrogen and cal cium, while TP and 

TSS showed removals greater than 90%. 

The underlying principle for the settleability of pollu -

tants to occur is the detention time of the basin. This 

time sets the critical settling velocity of the particles. Depend

ing on the particle size, the settling velocity of the particle will 

determine if it will settle out and be removed or not. 

In a study of an extremely long average detention time of ap 

proximately 213 days, Harper et al. (1980) found removal of pol

lutants from Lake Eola, Orlando , Florida. Considered to be basically 

a detention pond by the descript i ons previously given, results ob 

tained from this study showed suspended solids removals of 94.6 per

cent TKN removals of 46 . 9 percent, nitrate nitrogen removals of 61. 3 

percent and dissolved orthophosphorus remova ls of 85.7 percent. 

chanisms other than settleability of the pollutants were also be

lieved to be responsible for the high removals. These included 

the biological use of nitrogen and phosphorus by organisms in the 

water column . 

Based on the concept of particle size distribution, a model 

has been developed by Ferrara and Salvage (1984), which gives guide

lines for detention basin design. It was assumed that particles 

of a size greater than one micron would be totally removed and par

tial removal of particles less than this size would occur, based 

on column studies performance. The basis for this des ign was that 
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the minimum detention time had to be 9 hours at all times during 

each storm event. The detention time is based on dividing the 

volume of water in the basin by the existing flowrate. This im

plies that for a constant volume situation, the detention time 

is totally dependent on the flow, such that at lower flows, a 

high removal should be observed . 

Theoretical design parameters have also been put forward by 

these researchers based on settling velocit ies and particle size 

distribu ion . Generally, the larger particle and the shorter 

settling velocity would give the best removal. The comparison 

of theory and actual results portrays the limitations of assuming 

a uniform particle size distribution . Thus, in real life situa

tions there are man factors which influence removal capabilities 

in detention ponds by settling of particles. 

Filtration of Effluent 

Another method of using detention/retention facilities for 

water quality enhancement is to add a filter for the effluent wa

ter to percolate through before discharge. By filtering the efflu

ent before it leaves the pond, pollutant removal has been possi

ble (Wanielista et al. 1983). Removals of ammonia-N, nitrite

nitrogen, ortho- and total phosphorus were achieved for a filter 

mixture of 50 percent building sand and 50 percent alum sludge 

(Wanielista et al. 1982). It was noted that removal efficiencies 

were dependent on flow rates, such that the lower flows gave a 



15 

greater reduction for some of the water parameters. Reductions of 

90 percent for ortho- and total phosphorus were observed. Other 

findings of this research was the alteration of nitrogen forms in 

the effluent waters. The nitrification process was observed to oc

cur since ammonia-nitrogen and nitrite-nitrogen concentrations de

cr eased while nitrate~ concentrations increased. Addition of lime

r ock t o the f ilter media was used to control pH levels. This addi

t ion gave lower phosphorus removals, suggesting that the phosphorus 

r emo al was a function of detention time (contact with media) since 

the depth of so i l r emov ing phosphorus was decreased. 

The above mentioned work of Wanielista was done in an environ

mental labor a t ory . Harper et al. (1982) extrapolated these results 

and desi gned f i l t ers for the Lake Eola Watersheds in Orlando. He 

obser ved a phosphorus removal efficiency of about 75% for a filter 

composed of alum s l udge and sand that was 15 inches deep. Another 

filte r which wa s 24 inches deep had a phosphorus removal efficiency 

whi ch ranged from 75-92%. 

In a separate study with roadside soils, it was found that 

soils were a major sink for heavy metals (Wanielista and Bell 

1978). Further results showed that soils which contained organic 

matter, clay, minerals, and were of an alkaline nature tended to 

promote metal removals. 

It appears that a soil mixture which contains some clay and 

organic content is favorable for pollutant removals. Hickok (1980) 

showed that use of an organic rich soil was capable of removing 
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mainly phosphorus and nitrogen forms from stormwateY. In another 

study, two different soil mixtures were used; one without organics 

and one with two percent organics (Anderson et al. 1981). The two 

mixtures: (1) 95% sand, 1% silt, and 4% clay and (2) 89% sand, 5% 

silt, 4% clay and 2% organics seeded with bermuda grass and loaded 

with wastewater, showed initial differences in removal efficiencies 

of phosphorus. The soil with organics initially had a greater phos

phorus removal, but as the applications of wastewater increased, the 

difference in the two removal efficiencies was less obvious. Nitro

gen removals for the same study were greater for the mixture with 

organics (65%) than the mixture without (52%) . Nitrate-N concentra

tions were based on the rate of application of wastewater as was 

phosphorus. 

In a rapid infiltration study with wastewater, high pollutant 

removals were observed (Dornbush 1981). Using a 4 foot (1.31 m) 

depth of silty clay loam underlain with saturated coarse gravel, 

removals of pollutants were recorded. Results from this experi

ment are given in Table 2. The cation exchange of the soil was 

30-43 meq/100 g with an organic content of 10-20 percent and a per

meability of 0.2-0.8 in/hr. This study shows that using a waste

water with high pollutant concentrations, a high removal efficiency 

can be achieved. The next step is to apply this to stormwater. 

Another study with intermittent sand filters by Otis (1982) 

found ortho- and total phosphorus removals of 50 percent. Also, 

it was found that mixing the sand with calcium, aluminum, or iron 
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TABLE 2 

RESULTS FROM RAPID SAND INFILTRATION STUDY BY DORNBUSH 

Pollutant 

Orthophosphorus 
Total Phosphorus 
Ammonia4iJ i trogen 

itrate itrogen 
TKN 

SOURCE : Dornbush 1981 

Percent Removal 

85 93 
85 91 
90 94 

0 
88.5-91.5 

species could improve removals up to 70 to 90 percent. This parti-

cular study was with filters which were 2 to 3 feet deep (0.6-0.92 

m) and of 'granular materials" underlain with collection drains. 

The disadvantage of using the sand was that the sorption sites 

were quickly covered with biological f ilm and, thus, had to be re-

placed often. 

Swales 

Another water quantity structure which may have some potential 

for pollutant removals are roadside swales (Wanielista, et al. 

1983). Water quality research is now being done in this area by 

Yousef (1984). It is assumed that under proper design considera-

tions of volume routing, crop cover, site characteristics, swale 

blocks, and expected removal efficiencies, the effectiveness of 

pollutant removal by these structures could be determined. Since 
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these swale systems are used to transport stormwater to detention/ 

retention facilit ies, a combination of swales and detention ponds 

could reduce the water pollutant load. 

Summary 

From the research performed by others, it seems that there are 

two major ways to remove pollutants from the stormwater once it 

has entered detention areas . One method is to design t he system so 

that there is an adequate detention time to allow settling of pollu- · 

tants. Short circuiting of the pollutants must be prevented. Re

movals for pollutants using this idea are relatively high under 

ideal conditions . The areas should be carefully designed to include 

real life interferences . The major drawback with this idea is that 

it ma requi e a large amount of area , which could be costly. 

The second alternative is to use a type of soil filter to re

move ol utants as the water leaves the areas . This type of tech

nique is also in the research stage and removal efficiencies cover 

a wide range of values from 0 to 90 percent removal or more. The 

type of media that does work best is one which has (1) a variety 

of natural characteristics , such as silt, clay, organic matter, 

aluminum, iron, and calcium (2) a high cation exchange 

capacity , and (3) a low permeability rate through the soil. This 

type of pollutant removal requires little extra land area, but will 

need to be replaced periodically when exhaustion of the media oc

curs. The best method to remove pollutants would be to have a com

bination of both methods discussed, if it was economically feasible. 



CHAPTER III 

LABORATORY EXPERIMENTATION 

As previously mentioned in Chapter I, the objectives of 

this research are to study the removal of pollutants for differ

ent filter media types and observe their response to a prototype 

situation. In the previous chapter, different types of soil mix

tures already studied were mentioned. From these studies, it 

seems that a soil mixture which contained some clay and organics 

had a better pollutant removal than those without. Other infor

mation was that the slower the percolation rate, the greater the 

pollutant removal, phosphorus removal was primarily due to ad

sorption processes, and that nitrification was responsible for 

the variation in nitrogen forms. 

Water Quality Analysis 

The following parameters were measured on each sample that 

was collected: nitrate nitrogen, ammonia nitrogen, nitrite nitro

gen, total phosphorus, total orthophosphorus, dissolved orthophos

phorus, and total Kj eldahl nitrogen. These were all measured ac

cording to Standard Methods (1975). Heavy metals were measured 

for some of the samples. These metals included cadmium, zinc, 

copper, aluminum, iron, lead, nickel and chromium. Measurements 
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of pH were also taken on some samples . All analyses were performed 

in the Environmental Engineering Laboratory at the University of 

Central Florida within the specified time given by the U.S. EPA 

in Methods for Chemical Analysis of Water and Wastes (1976). 

The pH determination was performed using a Corning Model 12 

research pH meter with a temperature compensation probe. Ortho

phosphorus determinations were according to the ascorbic acid me

thod. Total phosphorus was determined using the persulfate 

dige t·on-ascorbic acid reduction of phosphomolybdic acid absor

bance. The brucine acid method was used in nit rate nitrogen analy

ses and nitrite nitrogen was determined by azo dye procedures. Am

monia nitrogen was analyzed by filtration followed by phenate de

termination . Total Kjeldahl nitrogen analyses were performed using 

acid digestion followed by distillation and acidimetric titration 

of ammonia. 

Determination of heavy metals was through the use of a Spec

trome t rics Incorporated Spectraspan III Plasma Emission Spectro

meter . This analysis consists of concentrating a sample by adding 

2 ml of concentrated HN0
3 

to 100 ml of sample in a 250 ml Erlen

myer flask and heating it at 95°C until a sample of 10 ml was left. 

The sample was then diluted with distilled water up to a total 

volume of 20 ml and stored in a covered polypropylene container 

until it was measured. It was important that all glassware was 

previously washed with an acid wash of 1:1 solution of hot HCL 

followed by 5 rinses with distilled water. 
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Grain Size Analysis 

The distribution o f grain size for the two filter media 

types used in the field experimentation was determined according 

to a procedure by Lambe (1951). A sample of 500 g was dried 

overnight at 105°C. After cooling, a set of six sieve pans were 

weighed and stacked on a shaker, the largest pan being on the 

top. Sieve sizes ranged from number 10 t o number 200, with the 

latter being the smallest mesh siz e with an opening of 0.075 mm. 

The dried sample was added to the top of the pan and the whole 

stack shaken for 5 minutes . The pans were then reweighed and the 

percentage passing through each sieve size determined. Since the 

fine material (finer than size number 200) was not significant, 

a hydrometer analysis was not performed . Uniformity coefficients 

were calculated based on plots of percent fine r versus sieve size. 

Exhaustion Study 

B comparing removal efficiencies with time for the water 

qualit parameters, a time when no significant removal was observed 

was set equal to the exhaustion time. Once this time was found, a 

table was constructed to find the cumulative amount of flow which 

passed through the filter per unit surf ace area of the filter media. 

This was calculated by multiplying the flowrate by the time inter

val and divided by the surface area of the filter media. Table 17 

i n the Appendix shows such a calculation. 
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Colunm Set Up 

The experimental set up for the laboratory colunm study is 

shown in Figure 2 . The experiment was performed in the Environ

mental Engineering Laboratory at the University of Central Florida, 

Orlando , Florida . A 54- inch (132 cm) long, 4-inch (10.2 cm) dia

meter plexiglass column was used. The column was cleaned with 

tap water each time a different soil media was used. The column 

was held in place b two brackets so that the bottom of the colunm 

was a height of about 21 feet (O . 76 m) above the floor. A 1 to 

'nch (2 . 54-3 . 8 cm) layer of large rocks were placed on the in

side bottom of the colunm. These rocks were washed gravel stones 

of a mean diameter ranging from 1 to~ inches (2.54- 3.8 cm). On 

top of this a POLY-Filter GB permeable membrane was placed. This 

pervious cloth was used to prevent sand from leaching out from the 

column . ext the particular soil media ' as loaded on top of the 

permeabl m mb ane . When packing the column, it was important to 

ensure that there were no large pore spaces in the filter media, 

since this would result in short circuiting of the water . To pre

vent short circuiting, the media was carefully placed in the col

umn and allowed to settle properly before another layer of soil 

was placed on top of it. Depths of soil in the column varied from 

9 to 36 inches (22.9-91.4 cm) for each experiment . A top 1 inch 

(2.54 cm) of large rocks was added so that the soil would not erode 

unevenly due to the influent water. 
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Fig. 2. Experimental set up for laboratory experimentation. 
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With each soi l t ype , a const ant head of water was maintained 

by the overflow outlet . The ove r flow was f ed back into the raw 

water by gravity feed . A 55 - gal l on (208 L) plastic drum was used 

to hold the raw water . A mixing stone wa s used in conj unction with 

an airflow tube into the container t o ensure a completely mixed 

aerated water sample . 

The raw water was pumped through a ~ i nch (0 . 64 cm) t ygon tub

ing up to the head of the colwnn with a Cole- Parmer I nstrument Co. 

peristaltic pump . When the soil sample became saturat ed with wa

ter the effluent water percolated out of the bottom of the column 

and into an ELDEX Universal Fraction Collector . This carousel en

abled samples to be taken at regular time inter vals , automatically, 

and ithout supervision . The set up was such t hat as many samples 

as necessary could be taken at any regular time f r ame . 

Grab samples were taken of the raw infl uent water at the begin

ning of he run, and at a later time if the e xperiment operated for 

more than fou hours . Grab samples were als o taken of the effluent 

water from the volume obtained from each time period. Samples 

were taken in clean 1 liter plastic bot t l e s and refrigerated until 

water quality analyses we r e performed on them. 

Composit ion of Raw Wat e r 

The raw water used f or t he colurrm study was composed to simu

l ate s t ormwat er runo ff . The fi rst water used was taken from Lake 

Jess up, a e utrophi c lake with a high algal content. Due to the high 



25 

nitrogen concentration of thL' wat er it wa s not used in any other 

experiments since it was not typ i cal of s t ormwater. Except where 

noted, tap water was used in conjunction wi t h phosphorus, nitro

gen, and heavy metal chemicals . Detention pond sediments which 

were rich in nutrients were also added t o t h is mixture. These 

components were thoroughly mixed 24 hours before the beginning 

of the experiment to enable complete mixing of the chemicals. 

Water quality characteristics of this water a r e given in Table 3. 

Composition of Colunm Soil Media 

A total of 6 different soil type mixtures were used in this 

stud . In each case a certain percentage of e ach s oil component 

as measured b volume and evenl mixed with each of t he other 

soil components . Organic content of the soils we r e j udged by 

visual and textural characteristics . Mixing was pe r f ormed manu

ally to ensure a totally homogeneous mixture . 

The soil mixtures used are listed in Tab l e 4 . The fine sand 

used in this experiment was obtained f r om Kiss i nnnee, Florida, near 

the shore of Lake Tohopekaliga . This area was chosen since it 

had both dry and wet areas and the s ands were extremely dry, sug

gesting good filtration. The sand was o f f ine grade, almost 

silt-like and white in color . The t op so i l in this area appear

ed to be rich .in organics and wa s a l so used in the soil 
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TABLE 3 

RAW WATER CHARACTERISTICS FOR COLUMN STUDY 

Water Parameter 

Total Phosphorus 

Total Orthophosphorus 

Dissolved Orthophosphorus 

itrite itrogen 

itrate itrogen 

Ammonia itrogen 

Total Kjeldahl itrogen 

Dissolved M tals 
Cd 

Zn 

Cu 

Al 

Fe 

Pb 

Ni 

Cr 

Concentration 
(mg/1) 

0.72 - 1.5 

0 .67 - 1.4 

0.58 - 1.4 

0.001 - 0 .26 

0 .02 - 1. 9 

<0 .01 - 0.35 

0.01 - 2.5 

0.002 - 0.003 

0.007 - 0.049 

0.002 - 0.49 

0.075 - 0.143 

0.028 - 0.102 

0.028 - 0.045 

0.002 - 0.005 

0.003 - 0.004 
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TABLE 4 

SOIL TYPE MI XTURES FOR COLUMN STUDY 

Media 
Dat e Depth Water Mixture 

II (inches) 

1 3/2/ 83 36 Lake Jessup 62% fine sand 
26% clay 
12% organic soil* 

2 3/15/83 9 Tap 10% organic soil 
10% clay 
40% fine sand 
40% gravel 

3 3/18/83 36 Constructed 10% organic soil 
3/25/83 10% clay 
4/6/83 40% fine sand 
4/15/83 40% gravel 

5/11/83 36 Con s truc t e d 45% gravel 
45% fine sand 
10% organic soil 

4 5/17/83 28 Cons tructed 50% builders sand 
50% site sand with 

some organics 

5 5/18/83 36 Constructed 100% concrete sand 

6 5/23/83 20 Constructed 50% concrete sand 
50% fine sand 

* Or ganic materials estimated by texture and visual obser
vation in topsoil obtained from shores of Lake Tohopeka
liga, Kissimmee, Florida. 
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mixtures. The top soil was approximately 65% sand and 35% organic 

humus material as determined by visual and texture inspection. 

The clay used was an orange-red colored roadway construction 

clay composed of roughly 80% clay and 20% sand, as determined by 

a settling test on the clay . Gravel pieces used ranged in an 

average diameter size of 1 .0 to 1.5 inches (2.54 to 3.8 cm) and 

was similar to that used in the top and bottom parts of the column. 

It was rinsed five times with tap water to remove any unwanted sub

stances . Site sand was taken from the Maitland Interchange part 

of Interstate 4, north or Orlando, Florida. This soil was composed 

mainl of sand, but also contained some organics. Builders sand 

and t pical concrete sands were also used in this experiment. It 

should be noted that the percentages of the different soil com

ponents given in Table 4 were calculated based on the above inf or

mat ·on. 

Column Results 

The first filter type (#1) was not successful. The permea

bility of the media was very slow, about 0.14 in/hr and for this 

reason further studies were not performed with this type of media. 

The reason for the low filtration rate was believed to be due to 

the small pore size of the soil mixture. To improve permeability, 

less clay was used and more gravel was added in the next soil mix

ture. 

The second filter media composed of 10% organics, 10% clay, 

40% fine sand and 40% gravel was initially only run at a depth of 
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9 inches (22.9 cm). High removals of phosphorus and orthophos

phorus were recorded. Results from this experimental run are in 

Table 5. The permeability of the soil was about 4.0 in/hr, taken 

over a time period of 4.5 hours. The permeability was seen to 

slightly decrease during the experiment from an initial of 4.3 

in/hr to a final rate of 3.6 in/hr. These results show that 

there was l ittle nitrogen removal . In this run, the 

raw water was tap water and the influent values for the various 

wat e r parameters are as shown in the table. 

Another experiment was run on this same type of filter media, 

since the results look~d favorable . A 36-inch (91.4 cm) deep 

column was used next and the results from this run are given in 

Table 6. The longer duration of this experiment (about 40 hours) 

and the larger amount of soil used tend to give similar results 

to those used in the previously discussed experiment. The per

meability of this column was less than the shorter column. Pre-

vious samples had been fairly clear in appearance, but after 25 

hours of running the experiment, a yellow effluent was observed. 

Phosphorus was probably removed by adsorption processes with the 

clay particles in the soil. There were no heavy metals measured 

in this experiment. 



30 

TABLE 5 

RESULTS FOR SOIL TYPE #2: 
10% ORGANIC SOIL, 10% CLAY, 40% FINE SAND, 40 % GRAVEL* 

9'' DEPTH 

Influent Percent Percent 
Wat er Parameter Concentration Re100val Removal 

(mg/l) Range Average 

Total Phosphorus 1.010 91. 3- 94. 5 93. 4 

Total Orthophos-
phorus 0 . 919 95.2-98.8 97.6 

Dissolved Ortho-
phosphorus 0 . 868 95.4-99.0 97.8 

Ammonia-nitrogen o. 349 0 0 

itri te-nitrogen 0 . 0098 64. 6-91. 7 81. 6 

it rate-nitrogen 1 . 883 0-20.4 6.7 

To al Kjeldahl 
nitrogen 2 .517 0-47.1 29 . 4 

* 1 . 9 inch depth with 4 samples taken over a 4.5 hour 
period . 

2 . Samples taken on 3/15/83. 

3. Permeability (in/hr): 3.6 - 4.3, avg. 3.97 
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TABLE 6 

RESULTS FOR SOIL TYPE 112 : 
10% ORGANIC SOIL , 10% CLAY, 40% FINE SAND , 40 % GRAVEL* 

36" DEPTH 

Influent Influent Percent Percent 
Concentration Concent r ation Removal Removal 

Parameter Range Average Range Average 
(mg/l) (mg/l) (%) 

TP o. 72-1.03 0 . 923 76.3-92. 0 

TOP 0 . 67-1.03 0 . 876 93.8-94. 2 

DOP 0 . 6 7-1. 03 0 . 821 94 .5-96.1 

NH3 <0 . 010- 0 . 349 0 . 104 0-20.4 

02 0 . 0008- 0 . 0023 0 . 0036 0-1.0 

03 0 . 015-1. 883 0 . 629 0-91. 7 

T 0 . 10-2 . 52 0 . 805 0-47.1 

* 1 . 36 inch depth with 14 samples taken over a 40 hour 
period. 

2 . Samples taken on 3/18/83 , 3/25/83 , 4/6/83, 4/15/83. 

3. pH influent : 5 . 80 - 7. 05 , av g. 6.08 
pH effluent : 5 . 60 - 6. 51 , avg . 5.94 

4. Permeability : 2 . 3 - 4 . 0 in/hr, avg . 3.3 in/hr 

5 . Exhaustion Volume/Area ( gal/ f t 2): > 160 

(%) 

86.4 

95.2 

95.1 

1.5 

~ o 

29 

10 
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Due to the colored effluent in the last filter mixture, the clay 

particles were minimized and the next filter type was a mixture 

of 45% fine sand, 45% washed gravel and 10% organics. The 36 inch 

(91.4 cm) colunm showed an increase in the permeability, due to 

the larger pore areas from the gravel present. This run was 4 

hours long and showed phosphorus removals, but no nitrogen re

movals . Heavy metals that were removed were lead and chromium 

at 20% and 31% removals, respectively. Table 7 sunnnarizes these 

results. 

The 50/50 mixture of concrete and site sands had similar 

results to the previous one . Table 8 lists this data. The per

meability of this sand mixture was much higher than any of the 

others, averaging around 12. 8 in/hr. There were also a larger 

number of hea metals removed including cadmium, aluminum, iron, 

lead and nickel. The influent water characteristics were slight

ly higher for this experiment than the previous one, suggesting 

that the low removals encountered with nitrogen may be a result 

of the higher initial concentrations. 

The mixture of 100% concrete sand showed the highest perme

ability, about 43 in/hr. Table 9 gives the results from this 

run. Phosphorus removal dropped from previous experiments, most 
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TABLE 7 

RESULTS FOR SOIL TYPE #3: 
45% GRAVEL, 45% FINE SAND , 10% ORGANIC SOIL* 

Water 
Influent Percent Percent 

Concentration Removal Removal Parameter (mg/ 1) Range Average 

TP 1.194 53.2-7 3.1 62 

TOP 1.150 85 . 5- 93 . 9 87.6 

DOP 1.149 88 . 3-94 .6 89. 7 

3 
<0 . 01 0 0 

02 0 . 0011 0 0 

03 0 . 038 0 0 

T -- - -

Dissolved etals 

Cr 0 . 004 0-75 31 

Pb 0 . 032 0-31 20 

* 1 . 36 inch depth with 5 samp l es t aken over a 40 hour 
period . 

2. Samples taken on 5/11 /83 . 

3 . Permeability 7. 8 in/hr . 



34 

TABLE 8 

RESULTS FOR SOIL TYPE #4: 
50% BUILDERS SAND , 50% SITE SAND WI TH SOME ORGANICS* 

Water Influent Percent Percent 

Parame ter Con centration Removal Removal 
(mg/ 1) Range Average 

TP 1 . 188 52.9-97.2 85.8 

TOP 1.184 97. 0-98.6 97. 9 

DOP 1. 095 97.0-98.5 97.8 

NH 3 <0 . 010 0 0 

JO 
2 

0 . 1356 5.5-7.9 6.7 

03 0 . 263 0-5.7 4.0 

TKN O. Oll 0 0 

Dissol ved Metals 

Cd 0.002 0-50 25 

Al 0 . 079 21. 5-40. 5 29.8 

Fe 0 . 102 70. 6-77. 5 74.3 

Pb 0 . 043 27.9-37.2 34.3 

Ni 0.003 0-33.3 25 

* 1. 28 inch depth with 5 s amples taken over a 4 hour period. 

2 . Samples taken on 5/ 17/83. 

3. pH: I n fl uent 7. 22 
Effluent 6.66 

4. Permeability : 12-13 in/hr, avg. 12.8 in/hr 
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TABLE 9 

RESULTS FOR SOIL TYPE #5: 
100% BUILDERS SAND 

Inf l uent Percent 
Concentration Removal 

(mg/l) Range 

1. 242 16-86 

1 . 132 16-96. 6 

1 . 110 25-9 7.5 

<0 . 010 0 

0 . 1144 7. 2-31. 0 

1 . 134 6.3-10.5 

0 . 180 0-69 

Percent 
Removal 
Average 

53.0 

57 .o 

59.1 

0 

13. 2 

7.8 

45.9 

36 inch depth with 5 samples taken over 2 hours. 

Samples taken on 5/18/83. 

pH : Influent 7. 05 
Effluent 6. 79 

Permeability : 36- 47 in/hr, avg. 42.7 in/hr. 
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likely due to the decrease in adsorption sites in the absence of 

clay . TKN showed a mar ked removal wi t h nit rification occurring 

with the other nitrogen forms . 

The last filter media used 50/50 mixture of concrete and 

fine sand had very low removal of all wate r parameters. The per

meability was averaging ar0tmd 14 in/hr and other pertinent data 

are found in Table 10 . The longer run t i me of 20 hours and the 

low sample volume, showed that the firs t s amp les taken 1 hour 

after the start had the higher removals than t hose taken at the 

later time. 

Summary 

The objective of this experimentation was to study a filter 

media which would give favorable pollutant removals and a satis

factory infiltration rate . The reason for t he second requirement 

was to develop a media which would have a high permeability when 

used in the field and allow stormwater t o percolate through with

out a large amount of standing water in the detention structure. 

Based on the results obtained to satis fy these objectives, 

the most favorable soil type was the #2 filter mixture composed 

of 10% organics, 10% c lay, 40% f ine sand, and 40% gravel. This 

media had a permeabil i t y of about 3. 5 in/ hr which was slow enough 

to allow contact of pollutants with particles in the soil and 

nitrogen f o rms t o change due to nitrification. 
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TABLE 10 

RESULTS FOR SOIL TYPE #6: 
50% CONCRETE SAND , 50% FINE SAND* 

Influent Influent Percent Percent 
Water Concentration Concentrat ion Removal Removal 

Parameter Range Average Range Average 
(mg/l) (mg/l) (%) (%) 

TP 1. 50 7- 1. 558 1 . 533 3.9-16.0 10 

TOP 1 . 285-1 . 431 1 . 358 4.9-18.1 11.5 

DOP 1. 286-1. 380 1 . 333 4.3-18.4 11.4 

NH3 0 . 0002- 0 . 115 0 . 058 0 0 

02 <0 . 0001- 0 . 0002 0 . 0001 0 0 

03 0.940-0 . 954 0 . 947 1-1. 70 0.85 

0 . 366-0 . 515 0 . 441 31.1-36. 9 34 .o 

* 1. 20 inch depth with 4 samples taken over 20 hours. 

2. Samples taken on 5/23/83 and 5/24/83. 

3. pH : Influent 7. 05 
Effluent 6 . 78 

4 . Pe rme ability : 7 . 4- 20 . 6 in/hr, avg . 14.0 in/hr. 
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The exhaustion value of the soil type #2 was found to be in 

excess of 160 gallons of stormwater per square foot of soil media. 

This value indicates that 160 gallons of stormwater could be run 

over one square foot of filter media before the removal of pollu

tants was significantly decreased. Water passed through the fil

ter in excess of these values would result in poorer effluent 

qualities. The low value of these numbers suggests that if they 

were used in the field, they would need to be replaced periodi

cally . 

The results from this experimentation also indicate that if 

clay or organic matter is present in the soil media, the removal 

of pollutants is increased. With regard to the results obtained 

f r om the experiment which contained zero organic materials (soil 

t ypes #5 and fi 6), there is a much lower removal of all pollutants 

except TKN. 



CHAPTER IV 

FIELD EXPERIMENTATION 

Experimental Set Up 

To model the filter media studied in t he laboratory, a proto

type model was constructed . Using a large box, the performance 

of the filter media was observed on a larger scale than the column 

study. 

The box was constructed of plywood with inside dimensions of 

2 feet (0.61 m) deep by 7 feet (2.1 m) long and 2.6 feet (0.79 m) 

wide, a total volume of 33.7 cu ft (944 L). The inside of the box 

was fiberglassed to make it waterproof and prevent deterioration 

of the wood. Figure 3 shows this set up. 

filter pipe served as the permeable membrane in the box. 

This 18 foot (5.5 m) long 6 inch (15.2 cm) diameter, PVC Larson 

Drainage s stem slotted pipe was placed on the bottom of the box 

in an "hour-glass" pattern. The pipe was covered with a filter 

cloth and at one end connected to the outflow pipe of the box. 

The pipe was then carefully covered with a coarse type of 

sand to a specific depth. The rest of the box was covered with 

the soil media. The purpose of the coarse sand was to simulate 

the large rocks used in the column experiment and to prevent any 

unnecessary leaching of smaller sand particles into the permeable 

39 



24" 

2'- 1o'' 

40 

PEG BOARD COVER INFLUENT WATER 

* + r
6 

.. CONSTANT 
t--~~~~~~~~~~~~~L WATERHEAD 

18
11 

SOIL MEDIA 

6
11 

0 __.,.EFFLUENT 
- ----------------~- WATER 

SC>E VIEW 

TOP VIEW 

PVC LARSON 
SLOTTED DRAINAGE 
PIPE 

Fig . 3 . Set up for f i eld experimentation, top and side 
views . 



41 

membrane. The top of the box was covered with a peg board. This 

enabled an even spread of the influent wa ter over the sand media 

(similar to the purpose of the lar ge rocks i n t he column study), 

as well as keeping unwanted debris from entering the box . 

Site Location 

The site of the experimentation of the p r ototyp e was a culvert 

connected to the west pond at the Maitland Interchange on Inter

state 4, just north of Orlando, Florida . A site locat ion of this 

area s illustrated in Figure 4 . The water used t o r un t hrough the 

filt .er was pumped out of this culvert . Since t he water quality of 

this culvert was very clean, it was necessary to spike the water 

with pollutants before it entered the filter media . Th is was 

achieved by dripping a concentrated amount of heavy metal s, nitro

gen and phosphorus into the influent water as it was pumped up 

from the culvert. A Cole-Parmer Instrument Co . peris t altic pump 

was used to supply a constant rate of the po l lutant mixture to the 

sump pump intake area via a !.z; inch (6 .4 mm) t ygon tube. Calcula

tions for the pollutant dosage were based on an approximated flow

rate through the filter media and a goa l concentration of pollu

tants in the influent water . The r aw water concentrations used in 

this experiment are sununarized in Table 11. 

The water was pumped t o t he head of the filter box using a 

sump pump and a 2 inch ( 5 .08 cm) diame ter PVC pipe. This set up 

had a valve i n it so that the f low could be controlled as it came 
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TABLE 11 

RAW WATER QUALITY PARAMETERS FOR F ILTER BOX EXPERIMENT 
FOR ALL SAMPLES 

Water C oncen t r a t ion Cone en tra tion 

Parameter Range Average 
(mg/l) (mg/l) 

TP 0.061 - 0 . 462 0 .118 

TOP 0. 026 - 0 . 132 0.053 

DOP 0 . 022-0 . 096 0.043 

itrites 0 . 001 - 0.003 0.001 

itrates 0 . 002- 0.561 0.263 

Annnonia 0 . 01 - 0.090 0.030 

TKN 0 . 475- 0 . 882 0.652 

Dissolved Metals 

Cd 0-0.005 0.002 

Zn 0. 009 - 0 . 018 0.012 

Cu 0.015- 0 . 030 0.022 

Al 0 . 011 -0. 119 0.063 

Fe 0 . 019-0. 284 0.161 

Pb 0. 009-0.078 0.037 

Ni 0 . 005-0.014 0.008 

Cr 0. 003 -0. 011 0.006 

Sample size = 88 
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out of the pipe. This detail is illustrated in Figure 5. When 

the influent water filled up the top of the filter box, it was 

allowed to flow over the side of the box. The influent flow to 

the filter box was controlled so that a constant amount of water 

was allowed to spill over the side of the box. This was kept so 

that there was a constant head of 6 inches (15.2 cm) of water on 

the top of the filter media . The time for the water to perco

late through the filter media was much faster than that observed 

:in the ab, and may be the reason why our influent pollutant re

mo al values were lower than expected (see Table 11). 

Sampling Procedure 

Water effluent samples were taken as soon as the water emerged 

from the outflow pipe . Generally, these first samples were a 

inkish-orange color which lasted for about two minutes of the 

total f ow time . This was likely due to the leaching of clay par

ticles through the filter cloth openings. The color of the effluent 

became clear within the first three minutes of the run. Flow mea

surements were taken using a 5 gallon (18.9 L) bucket and timing 

how long it took to fill up. Grab samples were taken of the ef

fluent water samples over a period of hours at regular intervals 

with 1 liter plastic sampling bottles and brought back to the lab 

to be analyzed . 
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Results of Prototype Experimentation 

The f ield experi ment was an extension of the laboratory work 

and was used to observe the response of the larger system to the 

favorable filter medias found in the column study. 

The influent water parameter concentrations for the two filter 

media are presented in Tables 12 and 13 . This data shows that the 

influent concentrations of various water parameters were very simi

lar in all cases except nitrate- nitrogen , which was almost 4 times 

greater for the second filter type . All other concentrations were 

within a reasonable range of each other. 

Removal efficienc ies for the first f ilter media are given in 

Table 12 . Overall removals were low fo r all water parameters given, 

ranging from 13 . 1% for nitrite-N to 39.7% for nitrate-N. Likewise, 

removals for the second filter type are summarized in Table 13. 

Again removal efficiencies were on the low side, ranging from 6.4% 

for DOP to 30.2% for ammonia Heavy metals were also measured 

for this experiment and removals were recorded for Ni, Pb and Cr, 

ranging from 21 . 5% for Cr to 45 . 2% for Ni. Heavy metals were not 

measured for the first experiment. 

Grain Size Analysis 

Tu.ble 17 in the Appendix contains the results from the 

grain size analysis obtained for the concrete sand and the mixed 

filter media number 1. Uniformity coefficients were 3.06 and 4.80, 

respectively. Data is also given for the underdrain sands used in 
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the second filter box. Values for the upper and underdrain fil

ter data was given by standard sand analysis data. The data was 

plotted on a percent finer versus sieve size scale to obtain 

these values. These are shown in Figures 10 through 13. These 

plots show that the sands were fairly well graded, since a coef

ficient of 2 or greater means that the soil is well g~aded and 

less than 2 means the soil is uniform (Lambe 1969). 

Exhaustion Study 

The exhaustion volume per area was calculated for each soil 

type. The first media had a value of 107 gallons of stormwater per 

square foot of soil media, while the second media was 10 times 

greater at a value of 1077 gallons of stormwater per square foot 

soil media. For the first filter type, this means that exhaustion 

was reached by the fifth day of experimentation. After this time, 

water quality decreased as shown in Table 17 in the Appendix. The 

second media had a much longer exhaustion rate. The calculation 

of the exhaustion volume could be the reason for the large differ

ence in value. Since the second filter media had overall lower 

pollutant removals than the first, the decrease in this percent 

removal would be less obvious, that is not as great as the first 

media. If this decline was more spread out, this could account 

for the larger value. These values were given mainly for compari-

son purposes. 
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Summary 

It is interesting to note that the results of this experimen

tation gave an overall lower pollutant removal than that observed 

in the laboratory . The maj or difference in this comparison is 

that the permeability in the prototype experiment was a lot greater 

than the column studies , ranging from 14.3 in/hr to a maximum of 

143 in/hr . The permeability maximum value in the column experiment 

was 47 in/hr . 

The percen removals for the second media are lower than the 

first by about 30% . Although this is not based on statistical analy

sis, this could be due to two reasons. First, the second media had 

little organic matter in it and according to the column results, 

organic material in the soil media tended to increase pollutant re

movals . The second reason could be due to the infiltration rate. 

The difference in the permeabilities of the two media types is quite 

large . Permeability of the second media was about five times or 

more greater than the first media . It might be expected that this 

would greatly effect the pollutant removals of the second media. 

The reduced contact time available for pollutants and sand parti

cles may have had an effect of lower removal of pollutants by ad

sorption processes. In other words, the pollutants just passed 

through the media without much contact. 



CHAPTER V 

LEE VISTA PROJECT 

Site Location 

The Lee Vista Project is located just north of the Orlando 

International Airport , Orlando , Florida. Figure 6 gives the gen

eral location of this area . The project itself consists of several 

thousand acres and is to be developed into hotels and other accom

modations . Presently, two hotels are finished in this project. 

The site of this study was on Lake Lorri, overlooked by the Mariott 

Ho el. Lake Lorri is a small , recently built detention pond. It 

serves as the major detention facil ity for a number of road ways. 

There is one main inlet to the detention facility located on its 

west side as indicated in Figure 7. The only outflow from this 

pond is via an underdrain system located on the southern shore of 

the pond . One of the prime functions of this detention facility 

is to serve as a cleanup a rea for the stormwater before it enters 

Lake Michelle and eventually waters of the state. 

It is recognized that the data collected at the existing 

filtration system is very limited. However, to complete the in

tention of this research, this limited data will be presented 

in the hope that further studies will expand on this data base. 
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Embankment Drainage System 

The drain system in use in this pond is composed of a thorough

ly mixed combination consisting of 60% alum sludge, 15% quartz sand 

(DOT Specs. 902-1.3), and 35% gravel (DOT Specs. 901-2). As men

tioned in Chapter II, there have been experiments run on an alum 

sludge and sand filter under laboratory settings. These studies 

(Wanielista, et al . 1980) showed good pollutant removals. The ma

jor difference in the soil mixture of the Lake Lorri drain system 

and their research was the use of gravel instead of sand. Gravel 

was used to achieve a high infiltration rate in the system. 

The underdrain pipe is a 10 inch (25.4 cm) perforated PVC (DOT 

Specs. 948-4.5) pipe wrapped in a filter cloth. A total length 

of 100 ft (30.5 m) of pipe was used. This pipe was then covered 

with the described filter media and gravel. A detailed drawing 

of th system is shown in Figure 8. The major purpose of this 

part of the study was to acknowledge any changes in water quality 

parameters as the water was fil tered through the pipe. 

Sampling Procedures 

A total of 22 water samples were taken at Lake Lorri over a 

period of four sampling dates. At the time of the samplings, the 

banks of the lake had not been entirely sodded and runoff into 

the lake was not fully retained by the loose sand on the pond banks. 

These samples were taken at different weather and flow conditions. 

The first sample of 8/30/83 was taken when the pond had just started 
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t o f low over the top of the filter bank , t hus a low flow was ob-

served. The later sampling dates were t aken a f ter a storm event 

had occurred and the last two samples were t aken c lose together 

during a week which was very rainy. 

Sampl e s of the pond were taken at three d i ff erent l ocations 

abou t 3 f t (0. 91 m) in front of the unde rdr a i n sy stem. These 

sampling si t es are indicated as 1, 2, and 3 on Figure 7. The sam

ples were taken with c l ean : one liter plastic sampling bott l es f rom 

the pond surface from the unde r drain pipe. Eff i uent water samples 

were taken over a time period of 30 minutes . 

The flow of t he fil t ered water was estimated with a 

5 gallon (18 . 9 L) bucke t and second- hand watch . The ma j or reason 

for thi s measuremen t was fo r comparison purposes only . One l iter 

water samples of t he d i scharge water were taken at a no ted time 

i nterval . One liter plastic s ample bottles, which were allowed 

o overflow t hree times, were used. Heavy metals wer e onl y mea

sur ed for t he f irst sample date . Total phosphorus was no t measured 

fo r the last two sample dates, and TKN was only measured for the 

third sampl ing da te. All other water quality par ameters were mea

sured a s before . 

Results 

Eff luent water values also had a range of va l ues, the largest 

being ammonia nitrogen, and the small est with dissolved orthophos

phorus . This data is observed i n Table 14. The range of total 
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orthophosphorus was the same for both influent and effluent values. 

Also, orthophosphorus, both dissolved and total, did not change 

much in the average value for both the raw and effluent water qual

ities. 

The overall ranges of pollutant removals show a large varia

tion from zero removal to 100 percent removal for ammonia nitrogen. 

These results are given in Table 14 and reflect the difference in 

the values of the tables just previously discussed. For dissolved 

orthophosphates, there seemed to be an increase in the percent remo

val as flowrate increased, while the trend was reversed for ammonia 

nitrogen. Another observation is that the average effluent concen

trations were lower for nitrite nitrogen as the flowrate increased; 

a difference of about 95%. These are only trends and tend not to 

be general for each water quality parameter. 

Summary 

The capability of some filter media to remove certain water 

qualit parameters was previously shown in the laboratory exper

imentation. Depending on the soil type and influent water concen

trations, various types of removals were observed. It should be 

noted that the filter system at Lake Lorri was designed for a high 

infiltration rate. Similar to the column experimentation, when 

a high infiltration rate was desired, gravel was used as part of 
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the mixture . With this higher permeability of the soil, the con

tact time of pollutants with soil particles is shorter. With re

gard to the field experimentation (Chapter IV), a higher flowrate 

tended to decrease pollutant removal. The results from this lim

ited study on Lake Lorri gave similar findings. 

From the few water samples taken from Lake Lorri, a variation 

in the water quality characteristics of the pond were found. These 

findings are summarized in Table 14. Raw water characteristics 

varied b as much as 90% for ammonia-nitrogen and as little as 7% 

for TKN. 



CHAPTER VI 

COMPUTER PROGRAM 

A computer program model was developed which enabled a storm 

event to pass through a series of swales and berms and into a de

tention pond . The program is interactive and has the option of 

using canned data or the user's own input. The storm event runoff 

is calculated using SMADA (Stormwater Management and Design Aid) 

for various conditions . The outflow hydrograph developed in SMADA 

is then routed through a swale. The discharge from the swale berm 

is based upon a stage-discharge relationship and overflow is given 

b the weir equation . Water pollutant removals may also be cal

culated based on the soil media type. Discharge from the swale 

is then routed to another swale or a detention pond. Figure 9 

shows this concept. Outflow from the detention pond is also based 

on a discharge-stage relationship. A flowchart of this program 

is given in the Appendix in Figure 14. 

One year ' s worth of data for rainfall from the Orlando In

ternational Airport , Orlando, Florida was run through this pro

gram. Based on 12 acres with a rational coefficient of 0.3 and 

a time of concentration of 20 minutes, the rainfall was routed 

through two swales and berms before reaching the detention pond. 
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The assumption was made that all detention areas are dry before 

a storm event . 

Results 

The data obtained from the year's worth of rainfall showed 

a very low discharge from the firs t berm. For this reason, a 

second swale was not used and the detention pond was sized on this 

reduced flow. These results are given in Table 15. These re

sults sho~ed that routing the storm through a swale and allowing 

filtration through a berm enabled a smaller detention pond to 

be needed . 

From this model, it appears that the use of a swale and berm 

system in this sense was a small detention pond. This showed 

that the total volume of runoff was significantly reduced and 

predicted a much smaller detention pond. Further study of these 

resu ts need to be applied to field situations. Thus, incorpor

ating on-site water storage and filtration by such structures 

seems to have a positive effect in reducing the overall size 

of detention ponds. 
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TABLE 15 

RESULTS FOR ANNUAL RAINFALL OF 
125 STORMS FROM COMPUTER MODEL 

Precipitation Cubic Feet Number of 
(in) 

< 0. 25 < 10,890 101 
0.26-0.50 10,891-21,780 4 
0.51-0 .75 21,781-32,670 4 
0 .7 6-1.00 32, 671-43,560 3 
1.01-1.25 43,561-54,450 2 
L 26-1 . 50 54,451-65,340 4 

> 1.50 >. 65,340 7 

Runoff from Berm 111 Cubic Feet Number of 
(in) 

< 0. 0010 < 44 106 
0.001-0.0030 45-130 6 
0.0031-0.0050 131-218 3 
0.0051-0.0070 219-305 6 
0.0071-0.0090 306-392 2 

> 0.0090 > 392 2 

Storms 

Events 



CHAPTER VII 

FINDINGS 

Due to the growing concern for improved quality of our water 

resources, this research was performed to study the possibility 

of using filtration of stormwater through a soil media to remove 

pollutants . Various soil medias were examined for pollutant re

moval specifically phosphorus and nitrogen forms. Filtration 

rates through these soils were also important since this is a neces

sary parameter for design work. 

From the laboratory experimentation, it was found that a mix

ture of 10 percent organics , 10 percent clay, 40 percent fine 

sand and 40 percent gravel gave the most favorable results. High 

phosphorus removals were observed (in excess of 90 percent) as 

well as changes in nitrogen forms . The permeability of this mix

ture was also favorable . 

As the composition of the soil medias were changed, there 

were noted differences in pollutant removals. With a media like 

#4 (50 % builder's sand and 50 % site sand with some organics), 

there was a higher phosphorus removal in comparison to samples 

with a lower sand percentage . On the other hand, the 100% build

er ' s sand had a significantly lower phosphorus removal, possibly 

due to the higher infiltration rate and less contact time of pol

lutant particles with sand grains for adsorption to occur. 



65 

It was also noted that soil medias which had little or no 

organic content also had a much lower removal of phosphorus. 

The difference in laboratory and field experimentation re-

sults could be due to a number of factors including: 

1. difference in influent water quality - Phosphorus 
values for the lab experiment were slightly greater 
than the field experimentation. 

2 . difference in ambient air temperatures - The field 
experiment was exposed to daily fluctuations in 
temperature. The average ambient temperatures were 
also greater than that in the laboratory since the 
experiment was run during the summer. The labora
tory experiment was constantly air-conditioned. 
This may effect the evaporation rate in the soils. 

3 . s ightly different soils were used in the field and 
manual mixing of the filter media may not have made 
a homogeneous mixture as was in the laboratory due 
to the amount of soil that was used. 

4 . loss due to scale up of the experiments and not as 
a controlled environment as in the laboratory. 

The remova of phosphates was possible with some of the soil 

medias studied . Removals were not as high as recorded in other 

research but this may be explained by the lower phosphorus con-

tent found in stormwater than in sewage effluents. 

Exhaustion times for some of the soil medias were calculated 

and can be used to estimate effective operational time for the 

media. 

The limited data collected on the Lake Lorri infiltration sys-

tern suggests that there is room for much more research. These re-

sults do not indicate much removal of pollutants. This could be 
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a result of a few factors. One is that the high removals reported 

in the literature dealing with alum band filters were not achieved 

since gravel was used in the filter media instead of sand, giving 

it a very high infiltration rate. Other reasons may be that the 

soils are not settled enough yet and that there is much short cir

cuiting or the lack of sand in the soil mixture has removed possi

ble adsorption sites for pollutants. Also , the quality of the alum 

sludge is suspect and certainly not uniform in residual alum. In 

any case more studies need to be carried out on this facility. 

With the basic computer model written on a microcomputer, 

it was found that it was possible to simulate a combination sys

tem of swale berms and a detention pond to effectively control run

off . 



CHAPTER VIII 

CONCLUSIONS 

Based on the findings of this research, a few conclusions 

have been reached. 

1. In accordance with the laboratory and field work, it ap

pears that the infiltration rate of stormwater through a soil 

media is a major factor in possible pollutant removal. At very 

high infiltration rates, there is an overall reduced pollutant re

moval than at a lower rate. 

2. Organics and sand tend to increase the removal of pollu

tants. There seems to be, however, a point where too great an 

organic content has an inhibiting effect on pollutant removal. 

In soil medias with a high sand content, phosphorus removals were 

observed to be high if the permeability was not too great. 

3. From the computer model, results indicated that use of 

swales and swale blocks as a routing system of stormwater before 

it entered a detention pond greatly reduced the size of the 

pond and increased overall water volume reduction. 

4 . The most favorable type of soil media to use is one 

which has: 
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(a) some organic and clay 

(b) sand particles 

(c) an infiltration rate which is not too high 
to prevent adsorption 



CHAPTER IX 

RECOMMENDATIONS 

The following recommendations are given in the hope that fu

ture research will benefit from this study. 

1 . The study of swale berms in aiding stormwater quantity and 

quality control seems to have a high possibility in this area. 

Thus swales would act like miniature detention ponds with a f il

tration berm . 

2. Studies should be conducted to determine if denitrifica

tion is possible by allowing the system to detain water for a longer 

time to achieve an anaerobic environment for denitrification. 

3 . As part of the design of filtration systems, maintenance 

of the media should be included . It is inevitable that the soil 

media will need to be changed and replaced since pollutant parti

cles will fill up adsorption sites. 

4 . Develop experiments with methods of recharge of the phos

phorus adsorption sites by doses of Fe, Al, or Ca cations to study 

if regeneration of the soil media could be achieved in this manner. 

5. Find the optimum infiltration rate for pollutant removal 

and satisfy design needs. 

6. Develop a soil media with a higher exhaustion value. 
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TABLE 16 

EXHAUSTION VOLUME CALCULATION FOR FIRST MEDIA OF FIELD EXPERIMENT 

Time ET Flow Vol Exh. Vol. 
C/Co Date (min) (min) ( GPM) (ga l ) (gal) 

6/1 25 25 5. 3 132.5 132.5 0.074 
6/6 20 45 4. 19 83.8 216.3 0.516 

20 65 3.91 78.2 294.5 0.656 
20 85 3.91 78.2 372. 7 0.624 
20 105 3 .9 1 78.2 450.9 0. 770 

6/7 10 115 3.0 30 481.0 1.0 
25 140 3. 27 81.8 562.7 1.0 
20 160 3 .27 65. 4 628.1 0.803 
20 180 3 . 27 65. 4 693.5 1.0 
10 190 3 . 27 32.7 726 .2 0.750 

6/15 10 200 4 .09 40.9 767.1 0.583 
30 230 4 .74 142.2 909.3 0.568 
25 255 5.00 125 1034.3 0.621 
25 280 5 .00 125 1160. 0 0.907 
25 305 4 . 87 121.8 1281.1 1.0 
25 330 4 . 87 121.8 1402.9 0.558 
20 350 4 . 87 97. 4 1500.3 0.605 
20 370 4 . 87 97.4 1597.6 LO 
20 390 4 . 87 97. 4 1695.1 1.0 

6/21 2 392 4 . 74 9.7 1704.8 1.0 
30 422 4 .7 4 142 .2 1847.0 o .~ 939 
25 447 5 .0 125 1971.9 1.0 
25 472 5.0 125 2097.0 1.0 
25* 497 4 . 87 121.8 2218.8 1.0 
25 522 4 .87 121. 8 2340.6 0.898 
20 542 4 .87 97.4 2438.0 1.0 
20 562 4.74 94 .8 2532.8 1.0 
20 582 4 . 74 94 .8 2627.6 1.0 

NOTES : To t al Exhaustion = Volume for 6 runs + volume of 
exhaustion 

Volume / ar ea 

* 

6 x 240 gal** + 2219 gal 
= 3659 gal 

= 3659 gal/21.5 f t
2 

170.2 gal/ft2 

Exhaus tion 2 
** Vol ume of f ilter box of surface area 21.5 ft 
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