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ABSTRACT | 

Removal of nitrogen from domestic wastewater prior to discharge to a soil 

| absorption system can help to prevent nitrate concentrations in groundwater from 

exceeding the drinking water standard. This is of increasing importance in 

Wisconsin and elsewhere, as rural development increases and people demand high 

quality drinking water. . : 

This study involved the design, installation, and optimization of two sand | 

filter denitrification systems on private residences in Central Wisconsin. The 

recirculating sand filter design involved the use of 7,571 | (2,000 gal) septic tanks 
with wooden covers. The systems had foam insulation to conserve heat during 

Wisconsin’s cold winters. The sand filter contained a rock storage layer consisting 

of 41 cm (16 in) of 2.5 to 3.8 cm (1 to 1.5 in) limestone. The rock storage layer 

was fully saturated to promote denitrification in the sand filter. The filter media | 

overlaying the rock storage layer consisted of 7.6 cm (3 in) of pea gravel and 61 

cm (24 in) of coarse sand. The sand filter also contained a pump chamber with a 

pump and flow regulation equipment to recirculate various amounts of effluent to | 

the top of the sand filter, back to the septic tank for denitirification, and to the soil | 

absorption system for disposal. | 

One of the sand filters was installed on a mound system, the other on a 

conventional soil absorption system. At the mound system site, effluent was 

pumped to the top of the sand filter from a pump located in a sewage ejector pit. 

At the conventional soil absorption system site effluent flowed by gravity from the 

septic tank to the bottom of the sand filter. The method of applying effluent to the 

top of the sand filter from a pump was much more effective than the gravity 

distribution system at the conventional site, where occasional clogging of the | 

gravity distribution system resulted in effluent bypassing the sand filter. — 

Temperature was a minor problem at one site during a severe winter with 

low water and heat inputs, but was not a problem at the other site which had more 

normal water usage. 

A series of studies were conducted varying the recirculation rates to the 

sand filter, septic tank, and the rates discharged to the soil absorption systems. 
Nitrogen removal achieved by these denitrification systems averaged between 70 
and 76%. More nitrogen was removed in the rock storage unit of the sand filters 

(48%) than in the septic tanks (28%). BODs and COD removal averaged 95 and 
88%, respectively. Total phosphorous removal was variable, ranging between 18 
and 74%. These systems also showed good potential for attenuating the volatile 

organic compounds (VOCs) typically found in private septic systems. 

A minimum recirculation rate to the sand filter of three to six times the daily 
water usage was required to achieve at least 90% conversion of NH4*t-N to nitrate- 
N. The most practical total nitrogen removal by the RSF systems was 85%, | 
achieved with sand filter recirculation rates approximately eight times the daily 

| | til



water usage. The circulation rate to the septic tank should be limited to ) 

approximately three times the daily water usage to ensure complete denitrification 

by maintaining anaerobic conditions and a sufficient carbon supply. 

Nitrate-N reductions in down-gradient monitoring wells showed average 
| reductions between 53 and 73%. These reductions reflected bypass of effluent at 

one site and the nitrogen removal capabilities of the RSF system at the other site. 

Due to dilution by groundwater, concentrations in these downgradient wells were 

generally half. of the concentrations discharged. Denitrification was not found to 

occur in the soil absorption systems or in the groundwater. 

RSF systems that incorporate denitrification should be adopted into the 

current on-site sewage treatment code because they produce a high quality effluent | 
and protect groundwater quality. It is recommended that RSF systems be 

monitored once every six months to ensure that they are maintained and 
functioning properly. : It is also recommended that some type of warning mechanism 

: be incorporated into these systems to make homeowners aware of any system 
failures. | 
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1. INTRODUCTION AND JUSTIFICATION 

1.1 Introduction 

The central Wisconsin sand plain region contains some of the largest and 

: most productive aquifers in the state of Wisconsin. The sandy glacial outwash soils | 

of the area are highly permeable and the terrain is relatively flat. These factors © | 

combined with a relatively shallow unconfined aquifer, make the groundwater of 

this region particularly susceptible to contamination from various land use practices. 

One of the land use practices which is increasingly a concern, in Wisconsin 

and elsewhere, involves the residential development of unsewered areas. Trends in 

the 1970's and 1980's saw population increases in suburban areas. Asa result, 

suburban development quickly expanded beyond the reaches of municipal water 

and sewage, and thus private sewage systems became common. 

| _ The primary purposes of private sewage systems are the disposal of 

wastewater and the removal of bacteria. Soil absorption systems are designed to 

receive wastewater from a septic tank and dispose of it below ground, where it is 

_ subject to purification processes before entering the groundwater. It is generally 

recognized that at least 0.9 m (3.0 ft) of unsaturated soil is required to allow for the 

adequate removal of disease-causing bacteria, viruses, suspended solids, and some 

organic materials from sewage effluent (WDILHR, 1992). Only recently has 

consideration been given to the level of chemical treatment which can be expected 

from private sewage systems and their potential for groundwater pollution. 

1



| Private sewage systems do not effectively remove nitrogen from 

wastewater. Nitrate, a breakdown of organic nitrogen compounds, is very soluble 

and does not adsorb to soil, it often reaches groundwater from what are considered __ 

well functioning septic systems. When used on sandy soils, many properly 

functioning septic systems have been shown to result in significant nitrate 

concentrations in groundwater (Shaw et al., 1993, Shaw and Turyk, 1992). 

| 1.2 Justification | 

This project was initiated due to increasing concern regarding the impact 

that private on-site waste disposal systems have on groundwater quality. This 

concern has led to a number of ordinances requiring lot sizes of two or more acres 

to allow for adequate dilution of septic system waste. Unfortunately, increased lot | 

size results in additional urban sprawl. Interest in alternative or improved waste 

disposal systems has increased with a number of innovative systems being used in 

many areas. | 

The major quantifiable contaminant that has been shown to impact 

groundwater from private Sewage systems ts nitrate-N. This project was designed | 

to evaluate and optimize a denitrification system's ability to reduce nitrogen loading 

| to groundwater from on-site Sewage disposal systems. This was done over the 

course of four years in two M.S. graduate studies directed by Dr. Byron Shaw at 

UW-Stevens Point. The first Study involving the design, installation, and monitoring 

of two systems was conducted by Steve Osesek from September 1991 through 

August of 1993. The second Study involving the optimization of these systems for 

2



nitrogen removal was done by this author from September 1993 through June 

1995. a 

1.3 Objectives 

Primary objectives of these projects were as follows: | 

1) Design and install two low-cost denitrification systems. 

2) Evaluate wastewater treatment by the systems. 

3) Determine the optimal nitrogen removal potential of these systems. | 

4) Determine any seasonal variation in nitrogen removal. 

5) Determine the extent of improvement that occurs in the groundwater from 
the use of these systems. 

6) Determine the removal capabilities of these systems for volatile 
organic chemicals (VOCs). 

3



2. LITERATURE REVIEW 

2.1 On-Site Waste Disposal Systems 

Most on-site waste disposal systems consist of a septic tank followed by a | 

: subsurface soil absorption system. Results vary relative to the treatment efficiency 

of wastewater by septic tanks. Lawrence (1973) reported suspended solid 

| removals of 35 to 45%, and biochemical oxygen demand (BODs) removals of 15% 

or less. However, Viraraghaven (1976) reported total suspended solids (TSS) 

, removal of 25% with BODs and chemical oxygen demand (COD) removals on the 

order of 50%. Typical effluent concentrations from septic tanks for suspended | 

solids, BODs, COD, total nitrogen (TN) and total phosphorous (TP) are 75, 140, 

300, 40, and 15 mg/l, respectively (Canter and Knox, 1986). 

The quantities of indicator bacteria such as fecal coliform, whose presence 

suggests that other enteric organisms are also Possibly present, are usually high in 

septic tank effluent, with pathogenic bacteria such as Pseudomonas aeruginosa 

commonly being isolated. When infections have occurred, viruses are also found in 

_ Septic tank effluent in high concentrations (Canter and Knox, 1986). Because of 

the limited wastewater treatment provided by septic tanks, their effluent must be | 

purified further prior to release to either surface or groundwater. The primary 

mechanism for providing this treatment is through on-site Soil absorption systems. 

Soil absorption systems are essential components of septic systems. Soil 

absorption systems (which may be trenches, beds, pits or mounds), receive septic | 

tank effluent and discharge it below ground, where it is absorbed and treated by the 

, |
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soil as it percolates to groundwater. | | 

Soil absorption systems are capable of treating organic materials, some | 

inorganic substances, and pathogens present in the wastewater through physical, | , 

| chemical, and biological processes. By acting as a filter, exchanger, adsorber, and 

by providing a surface on which many chemical and biological processes may 

occur, soil adsorption systems are capable of enhancing treatment of wastewater 

from septic tanks (U.S. EPA, 1980). 

Wastewater microbes can be effectively removed through 1.2 m of soil if 

the soil is unsaturated. Unsaturated conditions enhance the removal of pathogenic 

organisms and other pollutants from the wastewater by increasing their chances to 

react with soil particles. Furthermore, under unsaturated conditions the larger pore 

spaces generally exchange gases with the above atmosphere. This allows for 

efficient aerobic decomposition of many suspended and dissolved organic 

| substances present in the wastewater. These processes tend to work much better 

under unsaturated conditions because the wastewater movement is primarily 

through the smaller pores of the soil, which increases both the retention and liquid- 

solid contact time. USEPA (1980) reports that under unsaturated flow conditions, | 

bacteria can be removed within 0.9 to 1.2 m of effluent flow through the soil. In 

contrast when saturated conditions exist, the water flows through the larger pores 

and receives minimal treatment. Romero (1970) cited a number of studies in which 

the effluent intersected or was close to the water table. Elevated bacteria levels 

were temporarily detected up to 24.4m horizontally away from the source. 

| Present site criteria that must be met for the approval of a soil absorption 

| 5 |



system include a specified percolation test, and a minimum of 1.2 m separation | 

between the bottom of the seepage system and the maximum seasonal elevation of 

| groundwater (Canter and Knox, 1984). In Wisconsin, soil profile descriptions are 

used to determine this separation distance. This is required so the unsaturated soil 

| has the ability to remove TSS, BODs, COD, and soluble organic carbon; a 75-95% 

reduction in these concentrations typically occurs within the first 1.5 m of soil. 

Unfortunately, the unsaturated flow of septic tank effluent increases the 

| chance of groundwater contamination by nitrate and other soluble, weakly absorbed 

: chemicals. The principal sources of nitrogen in wastewater are feces and urine, 

which contain urea, uric acid, ammonia, undigested proteinaceous materials and 

bacterial cells. Typically, 75% of the nitrogen in septic tank effluent exists in the 

ammonium (NH4*-N) form and 25% exists in the organic (organic-N) form (Canter 

and Knox, 1986). Most of the ammonium is biologically converted to nitrate as the 

wastewater moves through the unsaturated soil beneath the crust of the soil 

absorption system. Walker et al. (1973) studied five subsurface seepage beds in 

which the subcrust contained 19.6% oxygen. They concluded that nitrification of - 

| NH4*-N to nitrate was essentially complete and commenced in the unsaturated 

subcrust soil within about 0.02 m of the crust. The NH«*-N levels were relatively 

high beneath the seepage beds but decreased to low levels within a few 

centimeters. The general increase in nitrate with depth concurrent with the - 

decrease in NH«*-N suggests that nitrification was the major mechanism of NHa*-N 

removal. 

The high solubility of the nitrate anion allows it to move freely with 
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percolating water in the unsaturated zone and within the groundwater. If the 

nitrates enter an anaerobic environment in which organic material is available, 

denitrification, the reduction of nitrate to nitrogen gas, may occur. However, 

significant denitrification is unlikely to occur in a well-aerated subsoil or in a carbon- 

deficient groundwater (Walker et al., 1973). | | 

Nitrate leaching from on-site sewage disposal systems has been shown to 

threaten both surface and groundwater quality in unsewered areas of the United 

States (Lamb et al., 1989). Nitrates may contribute to the eutrophication of 

surface waters and they have also been linked to cases of methemoglobinemia in 

| infants (U.S. EPA, 1975). Consequently, the U.S. Environmental Protection Agency 

and World Health Organization drinking water standard for nitrate is 10 mg/l as 

| nitrate and 45 mg/l as nitrate (Kaplan, 1987). While this standard is based on 

| human health, a 0.3 mg/l concentration of nitrate in surface water is considered 

| sufficient to support algae blooms. 

Nitrate contamination of groundwater from septic tanks has been 

| documented by many authors. For example, Walker et al. (1973) found that soil : 

_ disposal systems of septic tank effluent in sands added significant quantities of 

nitrate to the underlying groundwater. Concentrations as high as 40 mg/l of nitrate- 

N (NOz +NOz-N) were found in the upper 0.3 m of aquifer adjacent to the systems. 

Relatively large down-gradient areas of 0.2 ha, or 0.5 acre were needed before 

concentrations attenuated to less than the 10 mg/l standard. 

In studying 15 alternative septic systems, Shaw and Turyk (1992) found 

average nitrate concentrations of 33 mg/l occurring in the upper 2.4 m of the 
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aquifer down-gradient of the systems in the central Wisconsin's sand plain region. \ 

Nitrate-N concentrations as high as 108 mg/l were found in the upper 0.5 m of the : 

aquifer. Furthermore, Shaw et al. (1993) found maximum nitrate-N concentrations 

of 70 mg/l in the upper 0.3 m of the aquifer 5 m down-gradient of a drainfield. 

Average nitrate-N concentrations of 25 mg/l were found ina monitoring well 

located 38 meters down-gradient of the same drainfield. 

In conditions of high groundwater or soils with low permeability, anaerobic 

soil conditions may exist. Under these conditions, nitrification will not occur and 

the nitrogen will remain in the form of NHa*t-N. NH«*-N is readily adsorbed by soil 

materials of high clay content and hence migrates much more Slowly (U.S. EPA, 

1978). As adsorption sites for NHs*-N are exhausted on the soil particles, the 

NH4*-N will migrate farther and farther from the septic system. Most of the NH.4*- 

| N is later subjected to nitrification and leaching if aerobic conditions become | 

reestablished (Lance, 1972). | 

Shaw et al. (1993) used the BURBS model, which was developed at Cornell 

University by Hughes et al. (1985), to simulate a subdivision’s impact on nitrate-N 

concentrations in groundwater. They concluded that densities of less than 1.1 

dwellings per ha would be needed to maintain nitrate-N concentrations below the 

| 10 mg/l standard. This density was determined for a subdivision located in the 

sandy soil area of Central Wisconsin utilizing an average groundwater recharge rate 

| of 24.6 cm per year and an average household population of three people. For 

heavily textured soils, utilizing a groundwater recharge rate of 10.2 cm per year, 

| the lot size needed to achieve nitrate-N concentrations of 10 mg/l was 2.0 ha per | 
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dwelling. : 

Because denitrification is unlikely to occur beneath soil absorption systems 

| and the adsorption of NH«*-N to soil particles is limited, dilution by groundwater has 

‘been the primary mechanism for reducing the concentration of nitrate. Dilution 

| should not be the principle mechanism for nitrate reduction from wastewater 

: treatment systems because groundwater flow patterns are difficult to predict and | 

many residential areas have high densities of homes. Wastewater treatment 

systems that incorporate denitrification can provide a feasible means to reduce the 

| nitrogen concentration of the effluent (Walker et al., 1973). 

2.2 Nitrification and Denitrification Processes 

Nitrogen entering a conventional septic system is in the organic-N and NHa*- 

| N forms. A properly functioning septic tank will remove approximately 10% of the 

| influent organic-N which is stored in the sludge (Laak et al., 1981). In the septic 

tank, settlement and ammonification occur, resulting in effluent containing primarily 

NH4*-N (USEPA, 1980; Canter and Knox, 1985). One of the most effective means 

of NHa*-N removal is through biological nitrification and denitrification. NH4*-N is 

converted to nitrate (nitrification, Eq 3) and the nitrate is then converted to nitrogen 

gas (denitrification, Eq. 6) which is released to the atmosphere. 

| The nitrification and denitrification processes require a variety of bacteria 

and environmental conditions. For these processes to be successful, an | 

understanding of the conditions necessary for each process is essential. 

| Nitrification is commonly defined as the biological oxidation of NHa*-N to 

| .



nitrate with nitrite as an intermediate. Autotrophic microorganisms are largely, if 

not entirely, responsible for nitrification in natural systems. These nitrifying | 

autotrophs require oxygen and derive the carbon for cell synthesis largely from COz, | 

carbonates, or bicarbonates (Delwiche, 981). 

Oxidation of NH4*-N to nitrite by Nitrosomonas and the subsequent oxidation 

of nitrite to nitrate by Nitrobacter is usually represented by the following equations: 

NH«* + 1.5 O2 + 2 HCOs ---> NOz + 2 H2CO3 + H20 (1) 

NOz + 0.5 Q2 ---> NOs (2) 

, ' Nitrosomonas obtain energy from the oxidation of NHe*-N to nitrite while 

Nitrobacter obtain energy from the further oxidation of nitrite to nitrate. 

The overall oxidation of ammonium to nitrate is shown in Equation 3 (EPA , 

1975). 

NHs* + 2 O2 + 2 HCOsz ---> NOs + 2 H2COs + H20 (3) 

Equation 3 shows that alkalinity is destroyed by the oxidation of ammonia 

and that carbon dioxide (H2CQOs in the aqueous phase) is produced. Past studies 

: have shown that 6.3 to 7.4 mg of alkalinity are destroyed for every mg of NH4*-N 

: _ oxidized in attached growth systems (EPA, 1975). Thus, the process of nitrification 

tends to lower the pH. The significance of this pH depression is that nitrification 

rates can be rapidly depressed. Almost all nitrifying bacteria have an optimum pH 

in the alkaline range, usually near 8.0, and grow slowly at pH values much below 

neutral (Gaudy & Gaudy, 1980). Lamb et al. (1990) reported that low alkalinity 

levels in the septic tank effluent appeared to limit the nitrification process in a sand. 

filter during warm weather. If sufficient alkalinity is not available, the pH of the 
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* system can drop below 5.5, at which point nitrification could be inhibited (Loudon 

et al., 1989). Thus, it is recommended that the level of alkalinity as CaCOs be 

maintained above 40 mg/l (Sandy, 1987). 

| Equation 3 also shows that dissolved oxygen (DO) is required for the 

nitrification process. An oxygen requirement of 4.6 mg of Oz for every mg of NH.*- | 

: N oxidized has been theorized to be sufficient for aeration requirements (EPA, 

1975). Several investigations have provided indirect evidence of the importance of 

the effect of DO on nitrification rates (EPA, 1975). Low DO levels can inhibit 

nitrification; therefore, it is recommended that DO levels should be maintained _ | 

above 2 mg/l for nitrification systems (Grady and Lim, 1980). 

| Temperature also plays an important role in the nitrification process. The 

optimum temperature range for nitrification has been reported as 18 to 35°C with 

nitrification ceasing at 5°C and below (Shammas, 1986). Lamb et al. (1989) 

reported nitrification rates decreased to 25% at temperatures lower than 10°C and 

a number of other studies also suggests similar reductions below 15°C. | 

The biological process of denitrification involves the conversion of nitrate-N 

to a gaseous nitrogen species. The gaseous product is primarily nitrogen gas but 

also may be nitrous oxide or nitric oxide. Denitrification can be accomplished bya _ 

| relatively broad range of facultative heterotrophic bacteria including Psuedomonas, 

Micrococcus, Archromobacter and Bacillus (EPA, 1975). 

Because denitrifying bacteria are facultative anaerobes, a sufficiently high 

concentration of DO can prevent the use of NOs as the terminal electron acceptor. 

In general, cells exposed to more than 0.1 to 0.2 mg/l of Oz do not denitrify 
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(Rittman and Langeland, 1985). | 

Denitrification is also a two-step process in which the first step is a 

conversion of nitrate to nitrite. The second step converts the nitrite to nitrogen 

gas: | | 

NOs + 0.33 CH3OH ---> NOz + 0.33 H20 + 0.33 H2COs (4) 

NOz + 0.5 CH3s0OH + 0.5 H2COQs ---> 0.5 N2 + HCOs + H20 (5) 

| The overall denitrification reaction is shown in Equation 6 (EPA, 1975). 

| NOs + 0.833 CH30H + 0.167 H2COs 

--> 0.5 Nz + 1.33H20 + HCOs: (6) 

Equation 6 shows that bicarbonate is produced and the carbonic acid 

concentration is reduced whenever nitrate or nitrite is denitrified to nitrogen gas. 

Experiments have shown that approximately 3.0 mg alkalinity as CaCO: are 

produced for every mg of nitrogen reduced. Thus, the tendency of denitrification is 

to at least partially reverse the effects of nitrification and raise the pH of the 

wastewater. | | 

| CH30H (methanol) is shown in the above equation to indicate that an 

adequate carbon source is needed for the denitrifying bacteria as a source of energy 

and carbon. In general, 3 mg of methanol for every mg of nitrate will enable 

“complete” denitrification (95% removal of nitrate) (EPA, 1975). 

Denitrification is also influenced by temperature. Bremner and Shaw (1958) 

reported that denitrification rates increased with temperature between 2 and 25°C. 

-Crites et al. (1981) reported the minimum temperature for denitrification in land 

treatment systems is between 2 and 5°C. 
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| ) Denitrification rates are also affected by pH. Denitrification rates are | 

depressed below pH 6.0 and above pH 8.0. The highest rates of denitrification 

occur within the range of pH 7.0 to 7.5 (EPA, 1975). 

2.3 Nitrogen Removal Systems for On-Site Waste Disposal 

- Intermittent sand filters have been shown to produce effluents of very high 

quality and are presently used throughout the United States. They are well suited 

to on-site wastewater treatment and disposal because the process is highly 

efficient, yet requires a minimum of operation and maintenance (Ronayne et al., 

1982). | 

The quality of effluent from intermittent sand filters was documented in 

Oregon by the Department of Environmental Quality (Ronayne et al. 1982). BODs, 

and TSS were consistently less than 5 mg/l, ammonia less than 1 mg/l, nitrate-N 

between 20 and 40 mg/l and fecal coliform bacterial averaged a little more than 

400 organisms/100 ml. 

| Sand filtration of septic tank effluent was also studied by Sauer and Boyle 

(1977). They found that while the system was efficient for nitrification of the 

septic tank effluent, there was no change in nitrogen concentration. Only after the 

filters remained continuously ponded for over three weeks did ammonia appear in 

the effluent. The BODs concentrations for the sand filter effluent were less than 10 

mg/l. The same conclusion was reached by Kristiansen (1981a, 1981b), who 

reported on the operation of sand filter trenches. Due to aerobic conditions and 

lack of an available energy source, denitrification was not found to occur. | 
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Sikoro and Keeney (1974) stated that in a septic tank adsorption field, the 

energy source is the most difficult problem in promoting denitrification. Because 

sand filters accomplish excellent BODs and TSS removal, the addition of a suitable 

energy source is needed for denitrification. A nitrogen reducing on-site wastewater 

disposal system for individual homes may be practical if the organic matter in 

wastewater could be used as the carbon source for denitrification. Laak et al. 

(1981) and Laak (1981) reported on a different modification of a conventional 

septic tank system. Laak developed the RUCK system in which the organic matter 

, | oo in greywater (kitchen and laundry wastewater) is used as the carbon source for 

denitrification of nitrified blackwater (bathroom wastewater). They concluded that 

| organic carbon in the greywater was as efficient as methanol in supporting 

denitrification and that an overall nitrogen removal level of 70% could be achieved 

using the passive RUCK system. | 

Warnock and Biswas (1981) used effluent from a kitchen garbage grinder as 

an energy source for denitrification in columns. A C:N ratio of 4:1 was found to be 

optimal to produce satisfactory denitrification. However, the use of garbage | 

~ grinders with on-site systems causes increased solids accumulation and requires 

more frequent septic tank pumping (Converse, 1992). 

One of the most recent on-site wastewater disposal systems with nitrogen 

- reducing potential is a recirculating sand filter (RSF) that utilizes the organic matter | 

in septic tank effluent as the carbon source for denitrification. 

The recirculating sand filter is a simple, compact method of providing 

improved treatment of wastewater with a low level of maintenance. Recirculating 
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sand filters provide secondary treatment beyond a septic tank prior to surface or 

subsurface disposal (Loudon et al., 1985). 

A typical recirculating sand filter consists of a septic tank, a free access 

sand filter, and a recirculation tank as shown in Figure 2.1. The recirculation tank 

is typically 1/4 to 1/2 the size of the septic tank (or a volume equivalent to at least 

one day's volume of raw wastewater flow) and receives both the effluent from the 

septic tank and a portion of the sand filter effluent. When the recirculation tank is 

full, the sand filter effluent by-passes the tank and is discharged (USEPA, 1980). 

Since nitrified sand filter effluent mixes with septic tank effluent in the recirculation 

tank, it is possible that denitrification of the nitrified sand filter effluent can take 

place through utilization of the carbon source provided by the septic tank effluent. 
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Figure 2.1 Typical recirculating intermittent filter system (EPA, 1980). 
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. Recirculating sand filters were not originally designed for nitrogen removal 

and thus little data on the effectiveness of the nitrogen removal capabilities of 

recirculating sand filters are available from the literature. Two recirculating sand 

filters which were installed in Michigan generally showed nitrogen removal rates of 

40 to 60% (Loudon et al., 1989). 

Another study of a recirculating sand filter was conducted in which the 

recirculation tank was replaced with a tank filled with rock. The carbon source was 

added directly to the rock tank. When septic tank effluent was used as a carbon 

source, an average of only 25% denitrification was observed in the rock tank with 

the whole system achieving a total nitrogen removal of 36%. The low amount of 

denitrification was assumed to be the result of the low C:N ratio found in the rock 

| tank. AC:N ratio of 0.7:1 was maintained, while past studies generally suggest an 

optimal C:N ratio ranging between 1:1 and 3:1 (Lamb et al., 1990). Thus, the 

amount and availability of carbon in the septic tank effluent was probably the factor 

limiting denitrification (Lamb et al., 1990). 

| Swanson and Dix (1986) modified the traditional recirculating sand filter, 

putting gravel in the bottom of the sand filter, which also served as the recirculation 

tank. They also used bottom ash, a waste product of coal-fired power plants, 

instead of sand as the filter media. The filter plus the gravel storage is referred to 

as a batch recirculating bottom ash filter (BRBAF). The system includes a septic 

tank, a BRBAF, and an ultraviolet disinfection unit: The 2.4mx4.5mx 1.4m 

BRBAF is filled with 80 cm of screened bottom ash overlying 15 cm of peagravel 

, atop 40 cm of washed gravel. These layers are enclosed within treated plywood 
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walls and posts and sealed with three layers of 6-mil plastic. 

Swanson and Dix (1986) concluded that the bottom ash recirculating sand 

filter system produced a good quality effluent consistent with effluent from other 

RSF's in terms of pH, BODs, TSS, and TKN. However, nitrates and nitrites were 

not monitored, so the nitrogen removal of the system could not be determined. , 

Sandy (1987) modified the BRBAF system and monitored its potential for 

nitrogen reduction. The primary modification was a provision to recycle the highly | 

, nitrified filter effluent back to the septic tank. Since the amount of organic carbon 

| is often a limiting factor in achieving nitrogen removal, it was felt that the "sink of | 

carbon" in the septic tank could be tapped for this purpose. 

| Sandy’s study was divided into eight runs starting in August, 1986 and 

ending in February, 1987. During the first three runs, no effluent from the filter | 

was recycled to the septic tank. Nitrification was sought in the bottom ash filter 

| and denitrification in the rock filter. Nitrification worked reasonably well in the 

bottom ash filter as could be seen by the reduced ammonia levels ranging from 3.4 

to 14.9 mg/l (average 9.6 mg/l). Ammonia levels in the septic tank were 33.3 to 

| 51.5 mg/l (average 43.6 mg/l). However, denitrification in the rock filter was 

incomplete, allowing effluent nitrate-N concentrations from 9.4 to 14.6 mg/l | | 

(average 11.9 mg/l). | 

In runs 4 to 8, a portion of the BRBAF effluent was recirculated to the septic 

tank. Total nitrogen removal of the system was much better during these runs. For 

runs 4 to 8 the average TN values for the system effluent was 7.2 to 9.6 mg/I 

(average 8.4 mg/l) as compared to runs 1 to 3 in which the values ranged from 

17



15.8 to 25.7 maf (average 22.1 mg/l). Apparently the anoxic conditions and 

organic carbon in the septic tank provided suitable conditions for denitrification to 

occur. A modification of this design has been utilized for this research. 

2.4 Volatile Organic Compounds | 

Volatile organic compounds (VOCs) are characterized by high vapor 

pressures and low solubilities, and many are listed by the USEPA as priority 

| pollutants. VOCs are found in many household products such as degreasers, 

solvents, detergents, and cosmetics (Hathaway, 1980). VOCs which are 

commonly found in household products that can degrade groundwater quality 

include; toluene, benzene, 1,1,1-trichloroethane, dichlorobenzenes, nitrobenzene, 

napthalene, and many others (Hathaway, 1980). VOCs are not always removed by 

on-site wastewater treatment systems and may contaminate groundwater (Davis | 

and Cornwell, 1985). 

A laboratory study conducted by Sauer and Tyler (1991) showed that 

volatilization of VOCs occurred as septic tank effluent percolated through the 

. . unsaturated soil beneath a soil absorption field. The unsaturated media of a RSF 

may remove VOCs before discharge to the soil absorption field, thus enhancing the 

overall removal and reducing the VOC impacts on groundwater quality. 
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3. METHODS 

The following sections briefly describe the methods, techniques, and 

procedures employed in the construction, installation, and sampling of the 

denitrification systems and groundwater monitoring wells. 

3.1 Study Sites 

This project was designed to evaluate a denitrification system's ability to 

reduce nitrogen loading to groundwater from on-site sewage disposal systems. 

Two single-family homes north of Stevens Point in Portage County, Wisconsin 

(Figure 3.1) were selected for the installation of experimental denitrification 

systems in the summer of 1992. 
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Figure 3.1 Location of study sites in The Central Sands region of Portage County, WI. 
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3.11 Study Site #1 | 

| One of the sites chosen, Site #1, was located in the Jordan Acres 

Subdivision in the Town of Hull. The denitrification system at this location has 

been retrofitted onto an existing conventional septic system which was installed in 

the summer of 1982. The conventional system consists of a one chambered, 

3,785 | (1000 gal) concrete septic tank which feeds a 3.7 m by 15.9m(12 x 52 

| | ft) conventional drainfield. The drainfield consists of two 10.2 cm (4 in) diameter 

perforated PVC (polyvinyl chloride) distribution pipes 1.8 m (6 ft) apart and 0.9 m 

(3 ft) from the edge of the drainfield. A view of the system layout at Site #1 can 

be seen in Figure 3.2. | 

This septic system serves a three bedroom home. Before the installation of 

the denitrification system, household water usage averaged 371.3 Ipd (98.1 gpd) 

based on water meter data over the period from December 9, 1991 to July 15, 

1992. The denitrification system was installed on July 16, 1992. , 

3.12 Study Site #2 | 

_ The other site chosen, Site #2, was also a residence in the Town of Hull. 

The denitrification system at this site has been retrofitted onto an existing | 

pressurized mound system which was installed in the fall of 1983. The pressurized 

mound system consists of a one chambered, 3,785 | (1000 gal) septic tank, a one 

_ Chambered, 3,785 | (1000 gal) dosing chamber and a 8.5 m by 20.4 m (28 x 67 ft) 

mound system. The mound system consists of three 2.5 cm (1 in) diameter 

perforated PVC distribution pipes 14.0 m (46 ft) long and 0.6 m (2 ft) apart. A . 
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Figure 3.2 Top view of system layout at Site #1 before the 
installation of the denitrification system. 
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Figure 3.3 Top view of system layout at Site #2 before the 
installation of the denitrification system. 
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view of the system layout at Site #2 can be seen in Figure 3.3. 

| The system at Site #2 also serves a three bedroom home. Before the 

| installation of the denitrification system, the household water usage averaged | 

1,081 Ipd (285 gpd) based on dosing chamber pumping rates over the period from 

December 21, 1991 to August 6, 1992. The denitrification system at Site #2 was 

installed on August 13, 1992. | 

3.2 Denitrification System Design | 

3.21 Major Components | | 

The denitrification systems retrofitted onto the two existing septic systems | | 

were quite similar. The denitrification systems involved using a recirculating sand 

filter (RSF) with a built in rock storage unit similar to that described by Swanson : 

and Dix (1986). A 7,571 | (2000 gal) septic tank has been used to house the 

various Components of the RSF system. The major components included: | 

1) A collection system located at the bottom of the RSF. 

2) 39.4 cm 15.5 in) of 2.5 to 3.8 cm (1 to 1.5 in) diameter 
limestone. 

3) | 7.6 cm (3 in) of pea gravel. 

4) 58.4 cm (23 in) of a 1.8 mm effective size sand with a uniformity | 
coefficient of 1.4. 

5) A pump chamber. 

6) A distribution system located on top of the RSF. 

7) A distribution system to allow effluent to enter the RSF from the 
septic tank. 

8) A timing system | 
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In order to allow the septic tank enclosing the RSF to be placed deeper in the 

ground, 2 cm (3/4 in) of treated plywood and 5.1 cm (2 in) of polystyrene foam 

were placed around the septic tank enclosing the RSF. This was done to allow 

septic tank effluent to flow by gravity into the RSF at Site #1 and to help maintain 

heat throughout the winter at both sites. To allow for easy access, the top of the 

RSF is at land surface and was covered with a three piece insulated plywood cover. 

Despite the two RSF’s similarities, one main difference should be noted. At 

Site #1, septic tank effluent flowed by gravity to the limestone storage zone at the 

- bottom of the RSF. However, due to the depth of the existing system at Site #2, _ 

gravity flow of septic tank effluent to the RSF was impossible. Thus, a sewage 

ejector pit was installed in the dosing chamber and, through the use of floats, the’ 

effluent from this pit was pumped up to the top, rather than the bottom, of the 

RSF. 

Throughout the remainder of this paper, the sewage ejector pit located at 

site #2 will be referred to as Dosing Chamber #1 and the rest of the dosing 

| chamber, which applies effluent to the mound system, will be referred to as Dosing 

Chamber #2. Cross sectional views of the RSFs located at Site #1 and Site #2 can 

be seen in Figures 3.4 and 3.5, respectively. | 
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The collection system, located on the bottom of the RSFs, consisted of three 

10.2 cm (4 in) diameter schedule 40 PVC pipes with cut slots 0.6 cm ('/s in) wide, 

6.4 cm (2.5 in) deep and 10.2 cm (4 in) on center (Figure 3.6). The pump chamber 

consists of a 60.9 cm (24 in) diameter schedule 40 or Schedule 80 PVC pipe with 

cut slots 0.6 om("/4 in) wide, 25.4 cm (10 in) long and 7.6 cm (3 in) on center. The 

cut slots were not installed where the collection system enters the pump chamber 

(Figure 3.7). The distribution system located on top of the RSFs consisted of three 

2.5 cm (1 in) diameter schedule 40 PVC pipes each 2.7 m (9 ft) in length. Each 

pipe had seven 0.3 cm ('/s in) diameter holes with holes 1, 3, 4, 5, and 7 pointed 

| upwards and holes 2, and 6 pointed downwards (Figure 3.8). Each hole pointing 

upwards was covered by a 7.6 cm (3 in) Orenco orifice shield. 

One additional distribution system was located in each RSF to allow septic 

tank effluent to enter the RSF. At Site #1, a second distribution system was 

installed to allow septic tank effluent to flow by gravity to the limestone storage 

zone at the bottom of the RSF. This distribution system consisted of a 1.5 m (5 ft) 

long, 10.2 om (4 in) diameter schedule 40 PVC pipe with 1.3 cm (0.5 in) holes 

pointed down and spaced 10.2 cm (4 in) apart. Each end of the pipe was raised to 

the surface with one end containing two 45° bends to allow for cleaning (Figure 

| 3.9). | 
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As noted previously, septic tank effluent at Site #2 was applied to the top of 

the RSF. To accomplish this, a second distribution system was located on the top 

of the RSF at this site. This second distribution system consisted of two 2.5 cm (1 

in) diameter schedule 40 PVC pipes with each pipe having the same configuration 

of holes as the original distribution system (Figure 3.10). . 
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3.22 Temperature Probes | | 

Temperature probes were also been placed in the two RSFs. The 

| temperature probes were made out of type T thermocouple wire which were . 

soldered together at the bottom end and sealed with a silicone rubber adhesive 

sealant. At Site #1, four groups of these thermocouples were placed in the RSF as 

shown in Figure 3.11. Each group consisted of four thermocouple wires with the 

| wires extending 67.1 cm (2.2 ft), 36.6 cm (1.2 ft), 6.1 cm (0.2 ft), and 0.0 cm 

| _. (0.0 ft) below the surface of the sand (Figure 3.12). At Site #2, one group of four 

| thermocouples was placed in the RSF with the wires extending to approximately 

| the same depths. The group of thermocouples at this site were placed at about the 

same position as the group of thermocouples labeled west at Site #1. 

3.3 Denitrification System Operation 

3.31 Theory of Operation 

The denitrification systems were designed to remove nitrogen via 

denitrification in the septic tank following nitrification in the RSF. Effluent from the 

RSF was recirculated to the septic tank where an adequate carbon source and : 

anaerobic conditions should enable bacteria to denitrify most of the nitrate-N to 

nitrogen gas. The denitrification system at Site #1 was retrofitted onto the 

conventional septic system on July 16, 1992. Septic tank effluent flowed from the 

septic tank by gravity to the bottom of the RSF. Once there, with the help of floats | 

and timers, it was pumped at different rates to the top of the RSF for nitrification, 
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| to the septic tank for denitrification, and to the drainfield for disposal. A view of 

the system layout after the installation of the RSF at Site #1 can be seen in Figure | 

3.13. | 

| The denitrification System at Site #2 was retrofitted onto the pressurized 

mound system on August 13, 1992. Due to the depth of the existing system at 

Site #2, effluent from the septic tank flowed by gravity to a sewage ejector pit | 

(Dosing Chamber #1) which was placed within the dosing chamber (Dosing 

Chamber #2). Through the use of floats, the effluent from this pit was pumped up 

| to the top, rather than the bottom, of the RSF. The effluent from the pump 

chamber of the RSF was then pumped to the top of the RSF, the septic tank, and 

Dosing Chamber #2 which in turn pumps it to the mound system. A view of the 

system layout after the installation of the RSF at Site #2 can be seen in Figure 

3.14. 

3.32 Flow Control : 

_ 93.321 Flow Control 'Valves' 

| A 1/3 hp Zoeller 57 sump pump was situated in the pump chamber of the 

RSF. Originally, it was anticipated that through the use of solenoid valves and a 

timing system it would be possible to pump effluent from the pump chamber of the 

RSF to either the top of the RSF for nitrification, back to the septic tank for 

denitrification, or out to the drainfield or dosing chamber for disposal. | 

Unfortunately, the solenoid valves were unable to prevent the flow of effluent to 

any of the three destinations. Therefore, it was impossible to restrict the flow to 
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only one location at a time. 

This problem was alleviated by changing the method of flow control. While 

gate valves were originally located along the three destination lines, the flow rates 

obtained through the use of these valves were not consistent enough. In the 

summer of 1993, a new type of flow control ‘valve’ was installed along the three 

| destination lines. These flow control 'valves' consisted of a 2.5 cm (1 in) diameter 

PVC cap installed on the existing line with a hole drilled into the cap. Half of a 2.5 

cm (1 in) PVC coupling was placed on the PVC pipe in front of and behind the PVC 

| a Cap in order to maintain a constant diameter. A 2.5 cm (1 in) Fernco coupling was : 

then placed over the entire area as shown in Figure 3.15. Through the use of a 

timing system, effluent from the pump chamber of the RSF was pumped to all three 

_ locations at the same time while varying the flow rate to each location. | 

By changing the size of the hole drilled into the 2.5 cm (1 in) PVC cap, 

various flow rates were obtained with at least a 10% accuracy. The original goal 

of pumping various amounts to each destination was accomplished by pumping to 

all three locations at once and varying the flow rate to each location. This concept 

- proved to be much simpler and less expensive than the original plan yet still allowed 

the opportunity to change the amount pumped to each location at one time. 
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- 3.322 Electrical Controls 

An electrical schematic of the timing system used for the RSFs can be seen 

in Figure 3.16. The main components of the timing system include a DELAY 

interval timer, an ON interval timer, and two floats located in the pump chamber of 

the RSF. 

The theory of operation of the timers is as follows: | 

1) Effluent levels within the pump chamber of the RSF rise according to the | 
water usage in the households, allowing the upper float to begin the DELAY 

| interval timer. 

2) After the DELAY interval is over, the ON interval timer begins and turns on 
the pump. | 

3) In the event that during the ON interval, effluent levels drop to the point 
where the pump would run dry, the lower float would turn the pump off. | 
However, when the pump turns off during the ON interval water re-enters 
the pump chamber causing the low level float to rise. This causes the pump 
to surge on and off during the time remaining in the ON interval. A design 
modification should be made which would end the ON interval when the 
lower float turns the pump off. : 

4) After the ON interval is over, as soon as the effluent level within the pump 
chamber rises to the upper float, the DELAY interval timer starts the cycle | 
over. 

The purpose of the DELAY interval was merely to prevent the pump from 

running continuously if the water usage within the households would enable it do 

so. Both the DELAY and ON interval timers were adjustable, allowing changes to 

be made in the frequency and duration of pumping events. For example, a DELAY 

interval of 25 minutes and an ON interval of 5 minutes would allow the pump to run 

a maximum 10 minutes each hour. If the positions of the float switches indicated 
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sufficient effluent levels in the RSF, the pump could run a maximum of 48 times a | 

day for a total duration of 240 minutes/day. | | 

3.4 Denitrification System Monitoring 

3.41 Wastewater Sampling | a 

Wastewater samples were taken from the denitrification systems on at least 

a biweekly basis. At Site #1, samples were collected from the septic tank and 

from the pump chamber in the RSF. At Site #2, samples were collected from 

~ Dosing Chamber #1 , from the pump chamber in the RSF, and from Dosing Chamber 

#2. | | | 

The samples were collected by lowering a polypropylene bottle into the 

wastewater with a string. The sample bottle was rinsed four times with the : 

wastewater before a sample was collected into a 125 ml polypropylene bottle with 

a polyethylene cap. One ml of concentrated H2SO« was placed within the bottles 

before the sample was collected to preserve the various nitrogen forms. The 

samples were then placed within a cooler with ice packs and transported to the 

Environmental Task Force Laboratory (Lab State ID No. 750040280) at the 

University of Wisconsin-Stevens Point for analysis and storage at 4°C. These 

weekly samples were analyzed for NOs-NOz-N (nitrate-N), NH«*-N, total Keldjhal 

nitrogen (TKN), and chlorides. | 

| On a monthly basis, samples were taken from the same places by the same 

| method and collected in 500 ml polypropylene bottles with polyethylene caps. 

7 These samples had no preservatives in them and were analyzed for pH, electrical 

| 38



conductance, alkalinity, total hardness, sodium, total phosphorous (TP), BODs, 

COD, and fluorescence. | 

On a seasonal basis, samples for VOCs analyses were taken from the same 

locations using the same method and collected in 40 ml glass vials with TEFLON 

caps. These samples had a 0.5 mi hydrochloric acid preservative and were 

analyzed according to EPA Method 8021. Although the samples were collected by 

the same method as the inorganic analytes, additional care was taken to create 

- minimal disturbance when lowering the sample vessel into the sampling points. 

3.42 Temperature Recordings 

Temperature readings were taken with an Omega HH21 hand held 

| microprocessor digital thermometer from all of the thermocouples within the RSFs 

on at least a biweekly basis. At Site #1, temperature readings were also taken at 

least biweekly from the septic tank and from the pump chamber in the RSF by 

lowering a thermocouple into the wastewater within them. At Site #2, additional 

temperature readings were taken from Dosing Chamber #1, from the pump chamber 

within the RSF, and from Dosing Chamber #2 using the same method... | 

3.43 Flow Rates | 

' Flow rates to the various locations were measured through the use of a 

| quick disconnect value located on each of the three destination lines. The lines 

were disconnected beyond the flow control 'valves’ and a hose was connected to 

it. By measuring the amount of effluent obtained in a specific time period, a flow 

: rate in liters/minute was obtained for each of the three destination lines. | 
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} It should be noted that a potential problem exists for measuring various flow | 

rates through the use of this method. Effluent is under pressure when it is applied 

| to the top of the RSF through the distribution system and is not under pressure 

| when its flow rate is measured. Therefore, it is possible that the amount of effluent 

measured and the amount applied to the top of the RSF during a specific time 

period are slightly different. To ensure that no differences were occurring, it was 

necessary to install a pressure gauge within the line. Since pressure readings taken 

when the distribution system to the top of the RSF was both connected and 

| disconnected revealed no difference, it was concluded that the measured and 

applied flow rates were the same. However, differences between the two may 

have been significant if the effluent applied to the top of the RSF was under enough 

pressure. 

, 3.5 Monitoring Well Installation and Design 

Although the author was not directly involved with the installation for most 

of the monitoring wells, the following is a description of the methods, techniques, 

' . and procedures employed in the construction, installation, and sampling of the 

groundwater monitoring wells. The information for these descriptions is based on © 

documentation provided in Shaw et al. (1983), and Shaw and Turyk (1992). 

Additional wells were installed by the author at each site for VOC monitoring. 

3.51 Study Site #1 

| At Site #1, originally one up-gradient and one down-gradient well were 

installed in the summer of 1988. These monitoring wells were constructed of 3.2 
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: cm (1 '/s in) PVC and were fitted with 91 cm (36 in) slotted, 0.02 cm (.01 in) slot } 

size, PVC screens. 

The original down-gradient well (REE DG) showed no appreciable difference 

| in water quality from the up-gradient well (REE UG). Thus, in the summer of 1989, 

two nested wells (REC and REW) were also installed down-gradient of the 

drainfield. These two wells were installed in an east-west transect with the 

existing down-gradient well, 4.9 m (16 ft) away from and parallel to the down- 

gradient edge of the drainfield as shown in Figure 3.17. It was believed that these 

wells would show whether or not preferential percolation was occurring out of this 

system or if strong vertical flow components were transporting contamination 

deeper into the aquifer and below the existing monitoring well. | 

These two well nests consisted of three 1.9 cm (7/4 in) PVC pipes taped | 

together with nylon reinforced tape. The threaded joint pipes were screened with 

30.5 cm (1 ft), 0.02 cm (0.10 in) slotted, PVC points. The screens were positioned 

at 15.2 cm (6 in) intervals with the lower portion of the uppermost screen being 

placed at the water table, as shown in Figure 3.18. 

| During the summer of 1990 five more multilevel monitoring wells were 

installed at this location. Wells RSDS A-E were installed in a transect perpendicular 

to groundwater flow with well "B" being positioned 33.5 meters (110 ft) down- 

gradient of well REC, with 3.0 m (10 ft) of separation between each of the five | 

wells as shown in Figure 3.17. | 
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} These wells were constructed based on a design by Bradbury and Bahr 

(1 987). The wells consisted of a 1.9 cm (7/4 in) PVC spine which was screened 

over its last foot interval with a 30.5 cm (1 ft) slotted point with 0.02 cm (0.01 in) 

openings. Surrounding the spine are up to six, 0.6 cm inside diameter 

polypropylene tubes which were attached to the PVC center spine with nylon 

reinforced tape. The polypropylene tubes were perforated with 0.3 cm ('/s in) holes 

and screened with TYPAR over the last 25 cm (10 in) section at the bottom of each’ 

| tube. Each tube extends to a different depth in the aquifer to allow discrete 

| samples to be taken from various depths as shown in Figure 3.19. 

Four of the wells (A,C,D,E) have five sampling ports, including the spine, at | 

30.5 cm (1 ft) intervals with the upper most screened interval at or just below the 

_ watertable. Thus, the five wells were capable of sampling the upper 1.5 m (5 ft) of 

the aquifer at 30.5 cm (1 ft) intervals over a 12.2 meter wide transect as shown in 

Figures 3.17 and 3.20. Well "B" had two additional sampling ports as shown in 

Figure 3.20. | | 

Because the diameters of the existing wells located in the plume were too 

small to accommodate a bailer, two new wells were installed to monitor the loading 

of VOCs to groundwater. These wells have the same construction as wells REE DG 

and REE UG. The first well (REC V) was installed on October 26, 1993... This well 

was placed to skim the water table and is located approximately 20 cm (8 in) to the 

| east of well nest REC (Figure 3.17). Unfortunately, at the time well REC V was 

installed the water table was unusually high due to the above average precipitation 

of 1993. The water table dropped below the well screen during 1994, and a 
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| second VOC well was installed (REC V2) on December 1, 1994. This well is 

located approximately 25 cm (10 in) to the west of well nest REC. It should be 

- noted that this well could not be located on the east side of well REC like REC V 

because underground utility lines are directly to the east of well REC V. . 

3.52 Study Site #2 

At Site #2, monitoring wells were installed down-gradient of the mound 

system in the fall of 1990 as shown in Figure 3.21. Wells DGE and DGW were | 

| , ‘installed approximately 10.5 and.13.5 m (34 and 44 ft) down-gradient of the 

mound system. These down-gradient monitoring wells were multilevel well nests 

consisting of four 1.9 cm. (7/4 in.) PVC wells with 45 cm (1 ‘/2 ft), 0.02 cm (0.01 

in) slotted points. The shallowest well in the well nest was placed with half of the 

screen above the water table to allow for the annual fluctuations of the water table 

(Figure 3.22). 

Two additional wells were installed for VOC sampling. These wells are 

constructed from 3.2 cm (1 '/sin) PVC and are fitted with 91 cm (36 in) slotted, 

- 0.02 cm (0.01 in) slot size, PVC screens. Well DGE V was installed on October 26, 

1993 when the water table was unusually high. The water table dropped below 

this well and well DGE V2 was installed on November 17, 1994. These wells were 

approximately 10.5 m (34 ft) down-gradient of the mound system and are adjacent 

to well nest DGE. 
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| 

3.53 Groundwater Sampling Techniques 

All monitoring wells were sampled using a 0.5 I/min peristaltic pump 

powered by a twelve voit battery. Samples were extracted through polypropylene 

sampling tubes and field filtered through an in line 0.45 micron membrane filter. 

| The samples were then collected in 250 ml polypropylene bottles with polyethylene | 

caps, both of which where double rinsed with sample water after several well 

volumes had been purged from the well. Samples were then placed in coolers 

| . containing ice packs and transported to the Environmental Task Force Laboratory 

(Lab State ID No. 750040280) at the University of Wisconsin-Stevens Point for 

analysis and storage at 4°C. Water table depth was measured using an audible 

popper attached to a measuring tape. The measuring tape accuracy was to the | 

hundredth of a foot. 

Groundwater samples were collected at the two locations prior to the 

initiation of the denitrification project. The two sites were each used previously for 

different projects and thus the previous sampling schedule and chemical analyses of 

| _ the samples varied from one site to the other. Since the beginning of the 

denitrification project in the summer of 1991, groundwater samples were taken 

from both sites on at least a bimonthly basis. However, beginning in 1993 the 

down-gradient multiport wells at Site #1 (A,B,C,D,E) were monitored biannually. 

The samples from all the wells were analyzed for nine inorganic water quality | 

indicators. These included pH, electrical conductance, alkalinity, total hardness, 

NH«4*-N, NO3s-NQOz-N (nitrate-N), sodium, chloride, and fluorescence. 
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Samples for VOC analyses were collected from the VOC wells at both sites 

on a quarterly basis. Samples were collected by lowering a 30.5 cm (36 in) . 

TEFLON bailer into the wells after purging several volumes from the well. These 

| samples were placed in 40 ml glass vials with a TEFLON cap and a 0.5 ml 

hydrochloric acid preservative and kept on ice until they were brought to the 

laboratory for analysis. 
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| 4. RESULTS 

| 4.1 Study Site #1 

This section describes the results of the two projects involving the design 

and optimization of the RSF system for reducing nitrogen loading to groundwater at 

Site #1. The initial project involving the design and initial monitoring of the RSF | 

system was conducted by Osesek and Shaw (unpublished) between September 1, 

1991 and August 31, 1993. Initial investigations at Site #1 conducted from 

September 1, 1991 to July 16, 1992 involved monitoring of the septic tank and 

groundwater quality characteristics. The RSF system was installed on July 16, | 

1992 but did not become fully operational until October 27, 1992 when problems 

| with the electrical controls for the pump were corrected. After this time the RSF , 

| system and effluent loading to groundwater were monitored during study periods 

#1 and #2. | 

| The goal of the project conducted by this author between September 1, 

1993 and June 29, 1995 was to determine the optimal nitrogen removal capability 

of the RSF system. To do this variations were made in the recirculation rates and 

in the frequency and duration of pumping events. During this time 23 study periods 

| (A-W) of varying duration were observed. 
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4.11 Temperature Variations 

The temperatures observed in the septic tank and sand filter at Site #1 are 

shown in Figure 4.1. Sand filter temperatures ranged from 2.5°C (February 4, | 

1994) to 19.2°C (August 9, 1994). Septic tank temperatures ranged from 3.3°C 

(February 25, 1995) to 19.1°C (July 15, 1994). In general the septic tank is colder } 

than the RSF in the spring and summer months because the sand filter is 

approximately 0.9 meters (3 feet) below the ground surface and is subject to solar 

radiation. In the fall and winter the reverse is true. The temperatures at this site 

are relatively low compared to Site #2 because of the shallow depth of the RSF, 

the relatively low water usage, and the homeowners use of only cold water to do 

laundry. | | 

_ Temperature readings for the four sets of thermocouple wires located in the 

RSF at Site #1 can be seen in Figure 4.2. Temperature readings for the various 

depths for each set of thermocouple wires can be seen in Figure 4.3 (a - d). There 

were no appreciable differences horizontally (east, west, north, south) within the 

| -sand filter. This suggests fairly uniform waste application. Some variation was 

encountered with depth in the RSF with the deepest probe being the warmest in the 

winter. 
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Figure 4.1 Temperature readings in the septic tank and pump chamber of the 

RSF, 1992-1995, Site #1.
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A. Temperature readings at 0.0 meters in the sand filter at site #1. B. Temperature readings at 0.1 meters in the sand filter at site #1. 
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Figure 4.3 Temperature readings at various depths in the RSF at Site #1.



4.12 Flow Conditions 

4.121 Study Period #1 (October 27,1992 -June 8, 1993). 

A problem which lasted the first eight months of system operation resulted 

from retrofitting the RSF to the existing septic system at Site #1. As shown in 

Figure 4.4, when effluent was supposed to be pumped out to the drainfield from 

the RSF, all of the effluent should have been discharged to the drainfield. However, 

while the entire length of the existing pipe from the septic tank to the drainfield 

was pitched downward, a smaller segment within the total length was pitched back 

FROM * co 
SAND wees 

FROM a / me TO DRAINFIELD 
SEPTIC TANK __— : fe 

"T CONNECTION 
BYPASS LEVEL 

TO SAND FILTER 

* not drawn to scale 

Figure 4.4 Side profile of upward pitch in the existing line to the drainfield at Site #1. 

towards the RSF. This apparently occurred when the original septic system was 

installed. This condition caused an unknown amount of effluent which was 

pumped to the drainfield to return to the RSF through the “T” connection (Figure 
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4.4). As a result, the effluent levels in the RSF remained at the bypass level; the 

level where the effluent level in the RSF is equal in height to the highest elevation 

of the pipe between the “Y” connection and the drainfield. This created difficulty in 

determining the portions of the effluent that received treatment in the sand filter or 

that bypassed the system. | 

The flow control ‘valves’ were sized to pump 18.9 liters/min (lpm) (5.0 

gallons/min (gpm)) to the top of the sand filter, 3.8 lpm (1.0 gpm) back to the 

septic tank, and 3.8 lpm (1.0 gpm) to the drainfiled. The timer controls were set to | 

a 5 minute ON interval with a 25 minute DELAY interval. With these design 

settings, the maximum pumping time would be 240 minutes/day or 48 cycles/day if 

effluent levels in the RSF kept the DELAY interval float up. By pumping effluent | 

from the RSF to the drainfield the effluent levels in the RSF should drop and result 

) in fewer pumping cycles/day. The average household water usage at Site #1 

during study period #1 was 352.4 Ipd (93.1 gpd). Assuming that all of the 

household water used entered the RSF and that all of the 3.8 lpm (1.0 gpm) 

- pumped to the drainfield entered the drainfield and did not return to the RSF, the | 

_ pump in the pump chamber of the RSF should have been on an average of 18.5 

cycles/day (Eq 8) or running a total of 92.5 min/day. 

352.4 liters/day / (3.8 liters/min * 5 min/cycle) = 18.5 cycles/day (7) 

The expected hydraulic conditions for these design settings are a sand filter 

recirculation rate (SFR), defined as the ratio of flaw pumped to the top of the sand 

filter to the forward flow (Q), of 5.0Q. A septic tank recirculation rate (STR), 

| defined as the ratio of flow pumped to the septic tank to the forward flow (Q), of 
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1.00. A drainfield rate, defined as the ratio of flow pumped to the draintield (Q*) 

to the forward flow (Q), of 1.00. The expected hydraulic loading rate (HLR) to the 

| top of the sand filter was 26.7 cm/day (6.5 gpd/ft?) based on a sand filter area of 

6.54 m? (70.4 ft?) and an expected flow to the top of the sand filter of 1,748 Ipd 

(461.8 gpd). The expected hydraulic retention time (HRT) in the septic tank was | 

approximately 5 days based on the liquid storage volume of the septic tank (3,785 | 

or 1,000 gal) and the forward flow (Q) plus the expected flow recycled back to the 

septic tank 1.0Q. | | 

However, due to the upward pitch in the drainfield line, effluent levels in the 

RSF remained high and the upper (DELAY interval) float never came into effect: 

therefore, the pump ran through the maximum 48 cycles/day or 240 minutes/day. 

This resulted in larger amounts of effluent being applied to the top of the RSF and : 

to the septic tank relative to the amount pumped to the drainfield than was 

intended. Approximately 912 Ipd (241 gpd) were pumped to the septic tank and 

drainfield and 4,536 Ipd (1,198 gpd) to the top of the RSF. The actual hydraulic 

conditions were an SFR of 12.90, an STR of 2.60, an HLR of 69 cm/day (17 

gpd/ft?), and an HRT of 3 days. The hydraulic conditions observed during study 

period #1 are higher than the expected conditions because the pump continued to 

operate since effluent levels in the RSF did not drop. Both the flow ratios of the 

effluent pumped from the RSF to the drainfield (Q*) and the effluent bypassing the 

system are unknown since it is not known how much of the effluent pumped to the 

drainfield returned to the sand filter. A diagram of the flow schematics throughout 

| the first study period at Site #1 can be seen in Figure 4.5. 

| 56



2.60 

2.60 

Total to 
tL 12.90 Drainfield 

20 Q (Cc) 
WV — 
i NITRIFICATION 70 Returns| ip 
| HLR = 69 cm/day A 

L 70 Bypass 
\ 7Q Enters & 

House Recirculating Sand Filter RSF 
Effluent Septic Tank 

Q | Q + 2.60 
| a+260 

ed DENITRIFICATION 

> HRT = 3 days NV Pump Chamber 

Q = 352.4 liters/day Waste Water Generated 

(A) - An unknown mixture of the septic tank effluent and effluent directed to the drainfield that did not overcome the upward 

pitch in the drainfield line enters the RSF. 

(B) - An unkown portion of the septic tank effluent bypassed the RSF and went directly to the drainfield. 

(C) - The amount of effluent applied to the drainfield (Q) is an unknown mixture of bypassed effluent and pump chamber effluent 

directed to the drainfield that did not reenter the RSF. 

HLR - Hydraulic Loading Rate to top of sand filter ((Flow pumped to top of sand filter) / Area of sand filter (6.54 m2 ». 

HRT - Hydraulic Retention Time in the septic tank ((Liquid Storage Volume (3785 liters)) / Total Flow into Septic Tank). 

Figure 4.5 Flow schematic for study period #1 (before the installation of the “Dam”) at Site #1



This condition was rectified on June 8, 1993 by inserting a “dam” in the 

| existing line to the drainfield between the “T” and “Y” connections (Figure 4.6 and 

Figure 4.7). This “dam” prevented effluent pumped to the drainfield from 

reentering the RSF by allowing it to accumulate to a height where it would 

overcome the upward pitch in the pipe to the drainfield. 

The average household water usage (Q) during study period #1 was 352 Ipd 

(93 gpd). However, it is unknown what fraction of Q was applied to the drainfield 

. after treatment in the RSF and what fraction bypassed the RSF and went directly to 

the drainfield from the septic tank. Due to these problems, the data for study 

period #1 are difficult to interpret and not included in the determination effluent | 

treatment by the RSF system at Site #1. After the installation of the “dam”, the 

amounts of effluent applied to the drainfield could be determined. 
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Figure 4.6 Cross section and side view of the “Dam” installed in the drainfield line. 
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Figure 4.7 Side profile of the drainfield line with the “Dam” installed. 
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4.122 Design Flow Conditions 

Table 4.1 shows the flow rates and programmable timer settings which were > 

used to achieve the variations in flow to the sand filter, septic tank. and drainfield 

after the installation of the “dam”. These represent the design settings and not the | 

actual flow conditions achieved. The design flow rate is calculated from the flow 

rate through the flow control ‘valve’ and the maximum number of minutes per day | 

| the pump will operate. The maximum number of minutes per day is based on the 

ON interval and 48 cycles/day. This assumes that effluent levels in the RSF keep 

| the upper (DELAY interval) float up and that the pump runs through two cycles/ 

hour every hour. However, exceptions are made for study periods A and H since 

the programmable timer settings allow only 36 cycles/day and 24 cycles/day, 

respectively. | 

Problems Encountered 

The design flows differ from the actual flows depending on effluent levels in 

the RSF. Effluent levels in the RSF are determined by the household water use, the 

—. design flow to the drainfield, and loading to the bottom of the sand filter via the 

gravity distribution system. Problems in matching the design flows to the water 

usage and clogging of the gravity distribution system resulted in effluent bypassing 

the system during all study periods except #2, A, E, G, and J.. 

Water Use Variations | | 

The household water usage determines effluent levels in the sand filter and 

thus controls the DELAY interval float which operates the pumping events. When 
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Table 4.1 Settings of the programmable timers, design flow rates, and actual duration of pump operation at Site #1 : 

for all study periods after the Installation of the “dam”. 

sos Timer Setting Flow Control Valve Setting Design Flow Rates __ Pump 

Period (min) | (min/day) | (Liters/min) | (Liters/min) | (Liters/min) | (Liters/day) | (Liters/day) | (Liters/day) | Cycles/da (min/day) 

[re fs} 26 | 280 | _ts.)_| 8.8) 3 aor oa | 
aA | 11.5 | 25 | se2**| 142 | 85 | 38 | 3804 | 2279 | 1014 | 99 | 1137 | 

“Bp {| 5 | 25 | 240 | 142 [| 90 | 38 | 3407 | 2158 | 908 | 176 | 879 | 
cfs} 26 | 240 | 143 88 ee ee 104.7 

pd | o fo ff o f{ oo [ oo | oo | oO | oO | oO | 00 | 0.0 
“e | 5 | 25 | 240 [| 142 | 90 | 19 | 3407 | 2158 | 454 | 47.5 | 237.6 
TF | 65 [| 25 [ 240 [| 144 [| 53 | 19 &,| 3452 [| 1272 | 454 | 396 | 197.9 

Gg | 5 [| 25 | 240 | 144 | 38 | 19 &24| 3452 | 908 | 454 | 45.4 [227.1 
TH [| 5 | 55 | 120**[ 144 | 3.8 | 19 #24| 1726 | 454 | 227) | 239 | 119.3 

© SIs Pastas fg Penna 
Ty {5 | 25 [| 240 | 144 | 53 | 19 | 3452 | 1272) | 454 | 45.2 | 226.0 
“kK [ 6 | 25 [ 240 [ 114 | 49 | 19 | 2726 | 1181 | 454 | 46.7 | 233.3 | 
tf 5 | 25 | 240 [| 95 [| 114 | 19 &| 2271 | 2725 | 454 | 21.2) | 105.8 | 

mM | 5 | 25 | 240 | 5657 [| 43 | 19 &24| 1363 [| 1022 | 454 | 201 | 1004 | 
TN of) lU5LCUdL 28 | 240 [| 98 Tl lo CT | 2271 77.3 
To | 4 | 26 | 192 [ 95 | 47 | #19 &24| 1817, | 908 | 363 | 150 | 600 | 
Tp | 4 | 26 | 192 [| 189 | 47 | Oo9 [| 3634 | 908 | 182 | 426 | 1705 | 
Ta [| 4 | 26 | 192 | 189 | 47 | 00 | 3634 | 908 | O | 398 | 159.2 | 
BEES ee a 

s {| 4 | 26 [| 192 [ 189 | 47 | 00 | 3634 | 908 | O | 480 | 1928 | | 
T [4 p26 | 192 | 18.9 | 5.7 | 00 | 3634 | 1090 | 0 | 480 | 194.2 
u | 4 | 26 [| 192 | .451 [| 76 #| 19 +2x,| 2907 | 1454 | 363 | 449 | 179.6 
v |. 3 [| 27 | 144 [| 151 | 76 #| 19 &24| 2180 | 1090 | 274 | 480 | 144.0 
w ts [25 |240 | 151 | 76 | 19 | 3634 | 1617 | 454 | 48.0 | 240.0 

**Exceptions: Study Period A (36 Cycles/day) and Study Period H (24 Cycles/day) |



water usage is less than the amount of effluent pumped to the drainfield, 

wastewater levels in the RSF drop and the pump does not operate until levels rise 

ol and activate the DELAY interval. This results in fewer cycles/day and actual flows 

| which are lower than the design flows. In concept, the design flows to the 

drainfield should be oversized with respect to expected water usage to keep the 

number of pumping events and thus energy costs down and prevent effluent from 

bypassing the RSF. By setting the design flow to the drainfield higher than the | 

| expected water usage, effluent levels in the pump chamber of the RSF should be 

lowered and require fewer pumping cycles. However, a minimum number of | 

pumping cycles are required for effective wastewater treatment in the RSF. The 

| variability of household water usage at Site #1 can be seen in Figure 4.8. 

| Flows to Drainfield . | 

Flows in 13 of the 24 study periods were sufficiently designed to 

accommodate anticipated water usage. However, the flow to the drainfield was 

under designed during 11 of the 24 study periods (Table 4.2). Under designed 

flows to the drainfield occurred when the design flow to the drainfield was 

insufficiently sized compared to the household water usage. This resulted in 

untreated effluent bypassing the system. Over the course of this study this 

occurred because two major errors were made in the design settings. 

1) Flows to the drainfield were under designed compared to variable 

water usage. | 

2) Reductions of the frequency and duration of pumping events without 

increasing the size of the flow control valve to the drainfield 
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Figure 4.8 Water use at Site #1 from 1991 to 1995.



Table 4.2 Comparison of design and actual flow rates to the drainfield with water usage for all study periods 

after the installation of the “dam” at Site #1. 

ee ee ee eel Study Design Actual Actual Flow | Water Use | Water Use Bypass 

Period Start (Liters/day) | (Liters/day)| (Liters/day) | (Liters/day) | (Liters/day) | (Liters/day) 

#2 | 6/30/93 | 8/31/93 | 908 | 385 | 623 [| 385 | 385 | oO | 
ra | 9/193 | 9693 | 1014 | 430 | 584 [ 428 | 586 [| 0 | 

|__8 | 9/1793 | 9/23/93 | 908 | 333 | 676 | 430 [| 478 [97 | 
rc | 92493 [ioiio3{ 454 | 198 | 256 [372 | 92 | 175 
ro |tonzes{ro2eo3{ o | o | oO | 347 [3847 | 347 | 
Y_€ | 10/27/93 | 12/23/93| 454 | 450 [ 5 | 389 [| 65 [ Oo | 

|G | 13/94 [| 2494 | 454 | 430 | 26 | 396 | 58 | oo | 
YH | 2/6/04 | 2194 | 227 | 226 | 2 | 487 | 260 | 261 | 

@ ae ee ee ee eee ee ae ee 
: J | prawes | geges | anes) eas fey ee] eee | 

| __k | 22394 | egroa | 454 | 441 [13° [779 [Bee | 337 
Yt | eioea | e/26/94 | 454 | 201 | 254 ~[ 401 | 53] 201 

| _m__| 8/2604 | 9/1694 | 454 | 190 | 264 | 364 | 90 | 174 | 
TN | 9/t7/94 | 10/604 | 454 | 146 | 308 | 330 [ 124 | 1984 | 
ro _| 10/794 | 174 lo eee | 144 eee | ee | 
pe | ives | arses [1e2 | _161_|__20__{ 392} 209 
ra | 2495 | 3/395 | o | o | o J 296 | 296 | 296 
rR | 345 | snoes| o | o | o | 416 [ 46 [aie | 

| _s |[anwves| aegs | oOo | o | o | 406 [| 406 | 406 | 
ptf aries sires | oF of} ota te} 

69 
| _v__| a5 | 6/2195 | 274 | 274 [| o | 351 | 78 [| 73 | 
Tw __| 6/22/95 | 6/28/95 | 464 | 464 [of 641 82



The flow to the drainfield was under designed compared to the water usage 

during study period K. The average water usage made an unexpected increase 

from 399 to 779 Ipd (105 to 206 gpd) between study periods J and K. The design 

flow to the drainfield was 454 Ipd (120 gpd) during study period J and was not 

changed during study period K. This resulted in 324 Ipd (85.6 gpd) of untreated | 

effluent bypassing the RSF and going directly to the drainfield. This also occurred 

during study period W where the design flow to the drainfield was 454 Ipd (120 

gpd) and the average water use was 541 Ipd (143 gpd) therefore, 82 Ipd (23 gpd) 

bypassed the system. Although these increases in water usage occurred during 

summer months they cannot be attributed to irrigational uses since the water meter 

measures only the water used within the household. The increases may be due to 

visitors at the site. 

Under designed flows to the drainfield also occurred due to problems with 

the electrical controls for the pump in the pump chamber and errors made in the 

setting of the flow control valve to the drainfield. During study period D the timer 

| control panel for the pump in the pump chamber of the RSF was removed for a 

design modification. As a result, the pump was off-line and therefore the flow to 

the drainfield was O Ipd (O gpd), under designed and 347 Ipd (91.7 gpd) bypassed 

the system. During study periods Q, R, S, and T the flow control valve to the 

drainfield was mistakenly set to O Liters/day (0 gpd) and bypass resulted. | 

During study periods H, P, U, and Vv the flow to the drainfield was under | 

designed when the frequency and duration of pumping events were reduced 

without increasing the size of the orifice in the flow control ‘valve’ to the drainfield. 
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| 2 

For example, during study period H the DELAY interval was increased to 55 

minutes, meaning the pump would run through 24 instead of 48 cycles/day. The 

| flow to the drainfield should have been doubled to accommodate the change in 

: pumping event frequency and duration. However, the flow to the drainfield was 

left at 9.5 Liters/cycle or 227 Ipd (60 gpd). The average household water use was | 

487 Ipd (128.6 gpd) and 260 Ipd (68.6 gpd) of bypass resulted. 

Gravity Distribution System 

| The loading of effluent to the bottom of the RSF via the gravity distribution 

system may have been inhibited as evidenced by study periods B, C, F, |, L,M, N, | 

and O (Table 4.2). During these time periods the design flows to the drainfield 

were sufficiently sized over the water use. However, 26 to 201 Ipd (6.8 to 53.1 

gpd) of untreated effluent bypassed the system since the actual flows were less , 

than the water usage. Based on observations made of effluent levels in the pump 

| chamber of the RSF and the inspection pipe of the gravity distribution system, this 

bypass was occurring due to partial blockage of the gravity distribution system. 

| It was concluded that the gravity distribution system, to the bottom rock 

storage layer, was not an effective means of loading effluent to the RSF without 

| prior filtration. It was suspected that partial clogging of the holes in the distribution 

system resulted in effluent bypassing the system. Observations of water levels in 

the gravity distribution system’s inspection pipe and the pump chamber of the RSF 

showed effluent levels in the inspection pipe to be 2.5 to 5 cm (1 to 2 in) below the 

bypass level while levels in the RSF were approximately 50.8 to 52.1 cm (19.5 to 

20.5 in) below the bypass level. The gravity distribution system should drain 
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completely into the sand filter and should not contain 25.4 cm (10 in) of effluent 

above the holes located in the bottom of the pipe when effluent levels in the sand 

filter are 16.5 cm (6.5 in) below the bottom of the pipe. 

Figure 4.9 shows the levels at which effluent bypasses the system or 

| activates the DELAY interval. At the bypass level the RSF should contain 73.7 cm 

(29 in) of effluent. Using the dimensions of the sand filter (365.8 cm x 185.4 cm, 

| or 144 in x 73 in) and an average porous volume of 39%, the volume of effluent in 

the sand filter at the bypass level should be 1950 Liters (515 gal) (Eq 8). However, 

| the effluent levels in the RSF never reached this level. Instead effluent levels 

remained near or slightly below the level at which the float activates the DELAY 

interval. The level at which the DELAY interval becomes activated is 24.1 cm (9.5 

| in). Using the dimensions of the sand filter and an average porous volume of 39% 

the volume of effluent needed to activate the DELAY interval is 637 Liters (168.3 

gal) (Eq 9). | 

(365.8 * 185.4 * 73.7) cm? * (m/ 100 cm)? * 1000 Liters/m* *.39 = 1950 Liters (8) 

(365.8 * 185.4 * 24.1) cm? * (m / 100 cm)* * 1000 Liters/m* *.39 = 637 Liters (9) 

| As effluent was directed to the drainfield levels in the sand filter would drop | 

below the delay interval level and result in fewer pumping cycles/day and actual 

| flows which were lower than the design flows. If complete blockage of the gravity 

distribution system had occurred, effluent levels in the sand filter would remain 

below the DELAY level. However, a fraction of the household water was making it 

through the gravity distribution system and reactivating the DELAY interval. Since 

only a fraction of the household water was entering the RSF the number of | 
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Figure 4.9 Cross section of RSF at Site #1 showing bypass and delay 

interval levels and also problem with partial clogging of gravity distribution 

system (inspection pipe) (Note. longitudinal axis of RSF has been abrieviated)



cycles/day were reduced and therefore, the actual flows were less than the design 

flows. This was not realized to be a problem until March 3, 1995 (study period Q) 

when the gravity distribution system was cleaned by running a four-inch plastic 

brush through it. Masses of organic solids and human hair were removed from the 

distribution system by this method. It is suspected to have alleviated this problem 

since the levels in the RSF increased and as a result the number of cycles/day 

increased, however, it is unknown if this totally alleviated this problem in the 

remaining study periods (R - W) since the drainfield flows were under designed and 

bypass resulted. 

Blockage of the gravity distribution system was not constant over the time 

periods before cleaning. Study periods #2, A, E, G, and J were sufficiently 

designed and the actual flows matched or exceeded the water usage, no flow 

bypassed the system. 

4.123 Actual Flow Conditions 

The actual flow rates (average flow rate (Ipd)) are determined from the flow 

_. fates through the flow control ‘valves’ (lpm) and the average actual pumping time 

(minutes/day) (Table 4.1). The average flow rates, the hydraulic loading rate (HLR) 

in cm/day, and the hydraulic retention time (HRT) in days are summarized for all 

‘Study periods in Table 4.4. Table 4.5 contains the sand filter ratio (SFR), septic 

tank ratio (STR), drainfield ratio (Q*), and bypass ratio (BPR). Flow ratios are | 

defined as the ratio of flow going to the specified area to the forward flow (Q) 

through the system. The forward flow (Q) through the system is defined as the | 
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average household water usage. The average flow conditions were used in the | 

mass balance calculations. . 

Initially, problems were encountered with pump failures: however, these 

problems were latter resolved through the redesign of the timer control panel. 

Grains of sand occasionally clogged the orifices of the flow control ‘valves’. The 

flow conditions and samples that represent these occasions are not included in the 

flow rate and concentration averages used in the mass balance calculations. These 

occasions and the cause for their omission are included in Table 4.3. 

Table 4.3 Dates omitted from the flow rate and concentration averages used in the mass 
balance calculations at Site #1. | 

Study | | 

Period Cause for Omission a rere ee rence 
10/28/92 to 11/6/92 | #1 | Pump Off 9 days 
12/14/92 to 12/22/92 | #1 Pump Off 7.5 days 
3/16/93 to 3/23/93 | #1 | Pump Off 7.5 days 
5/12/93 to 5/19/93 | #1 | Pump Off 7 days 
7/8/93 to 7/16/93 Pump Off 8 days 

10/12/93 to 10/26/93 | D | Pump Off 14 days, Redesign of Timer Control Panel 
2/5/94 Drainfield Orifice Clogged 
6/2/94 Septic Tank Orifice Clogged 
7/15/94 Septic Tank Orifice Clogged 
5/5/95 | Septic Tank Orifice Clogged 
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Table 4.4 Average hydraulic conditions for all study periods after the installation of the “dam” at Site #1. 

Study Forward Flow Fiow to Top of HLR ° Flow to Septic Tank | HRT? Flow to Bypass to 

Period Start (L/day) Sand Filter (L/day) | (cm/day) (L/day) (days) | Drainfield | Drainfield 

(L/day) (L/day) 

v2 | 6/30/93 | 9/3193 | 3985 | 1,633 | 23 | 863 | 25 | 385 | oO 
anes [ae a 8098 dn a0 

pe | anves | sss [ago f.247 fg 789 ea 

Te | eaae3 | 1071183 [| 372. | 1,486 | 23 [947 | 29 198174 
Tp | tonaes | toes | 347 | oF | | Oo [To =| 109 | oO | 347 

—~_e | toraes | 122303 [ 389 | 3,373 | 52 | 2136 | 15 | 450 | 0 | 
[eT 12aes | iiss | 447. «| 2810 —Ss—idG(C ST 030 | 2874 

ge | inae4_| 244 | 396 | 3,223 ~S | ~=3649 CT 860 FCO 8430S 
pn [arses | arivves [apy 1.69326 {48240226 {| __ 28) 

7 [anaes | soma | 447. | 3,169 | 48 | 842) =| 29 | 421 | 26 
Ty] sais4 | vaaea | 399 +~+| 3,248 ~~ | 680 | 9 | | 483 

kK | 7304 | sa | 779 | 2649 | 47 [1148 | 200 | 441 837 
~ [7p Tenowea [eases [401 S—i002—— ws s| T2022 | 207201 
2 

nN [ 974 | toes [330 | 732. | 11 [ot 47184 
—o | toes | 11/7704 [| 204 | sep | 9 [284 | 67 | 113) | 170 
—p | 11ersa | 2/398 | 382 | ~ia 228] S| SCC SSSC~*dSC~Ci‘CST=SCt@1 «S220 
‘aq | 295 | 3s | 206 | 3,012 &#2| 46 | 753 = | 36 {| Oo | 296 

rR | aes | snoss | 416 | 7 | 27 |? ft 2? | Oo | 46 
s | anes | sess | 406 | 3650 °&| 66 | 913 | 29 | 0 | 406 
T pass | sives | aia {3,678 ss ft t03 tb | tat 
u | s/i2o5 | 679s | 408 | 2719 °®&24| 42 | 1359 | 21 | 340 | 68 

Tv _[ eaves | 62105 | 351 | 2190 °&2| 33 [| 1,095 | 26 | 273) | 77 | 

rw [cenaes [eres | sar__| 3.667 | 56 | 1es3 S| 1.6 | 484 [os 
*HLR = Hydraulic Loading Rate to top of RSF (Based on total amount of effluent applied to top 6.54 m’ area of RSF). | 

> HRT = Hydraulic Residence Time within Septic Tank (Liquid Storage Volume (3,785 L) / Total Flow into Septic Tank). 

Total Flow into Septic Tank = (Forward Flow + Flow to Septic Tank).



Table 4.5 Flow ratios for the average hydraulic conditions for all study periods after the installation of the “dam” at Site #1. 

Period (liters/day) Ratio (SFR) | Ratio (STR) | Ratio (Q*) (BPR) (Q) 

Fo | 6/30/93 | 9/31/93 | 3850 |. 40 | 23 [| 10 | 00 | 10 

—a~ | 9/1793 | 9169s |. 428.1 ~~ ~| 38 | 23 [10 J 00 | 10 

Te [9793 | 92393 | 4302 | 29 [| 18 | 08 | 02 1.0 

—e~ | 9/2493 | 10/1193 | 3725 Sid PBT BT 1.0 

—pTion23} 10/2693 | 3470 ~=©| ~=60o0))CT OT OO 1.0 

—e [10/27/93 | 12/23/93 | 3893 | 87 | 65 [12 [ 00 | 10 | 

—F_|az2a93|_i2e4 | 4472 | 63 | 23 [08 [ 02 | 40 | | 

eT 113904 | 274794 | 3963S] ST OO 

HT 27694 | 294 | 4868 | 395 | 09 [068 [| o6 | 10 | 

—71 T2294 | _sizoe4 | 4474 | 7. | Tog Tt OT 

yl Tsratrea | 72204 | 399.0 =| 81 | 30 of 47 |) oo TO 

—k | 7agie4 | 9994 | 778.7 ~=| S34 TT A TO 
~ 1 | 9/10/94 | 9/26/94 [401.3 p26 [30 98 _}__0.8 _}_4.0__ 

wf e694 | ones | 3640 | 16 | 120 [| 06 |) O68 

nr [en7iea | 10/694 [| 3305 | 22 | 00 [04 |) 06 | 410 

—oTiome4 |17e4 | 2043, =| S20] TT 

—p[P11ees | 2396 | 3816 ~~ | SST CT 
ao} 2495 | 3/395 | 2986 | 102 [| 26 [oo | 40 J 410 

Ra | avaes | anos | 4164 | 2? | 7 fo? fo 

— T3195 | 469s | 406.2 | 90 | 22 [oo [ 10 | 10 

—Fr[ a79s | oes | aio | 89 [27 | oo | 40 | to 

sizes | 6795 | 408.4 | 67 | 33 | 08 [ 02 J 10 

yeaa | 629s | 3613 =| ~S2T tT TT 

—w | 6/22/95 | 6/28/95 | 6408 | 68 | 934 [08 | 02 | to 

Flow Ratios are based on Forward Flow (Q) rather than Q* which is the amount of effluent pumped to the drainfield from the RSF. 

The difference between Q and Q® is the amount bypassing the RSF system and going directly to the drainfield.



| 4.13 Mass Balance Calculations | 

Mass balances were produced for 19 of the 24 study periods at Site #1. 

Mass balance calculations could not be compiled for six study periods, #1, D, Q, R, 

S, and T, because the flow conditions used in the mass balances could not be . 

determined. These study periods will be discussed separately from the 19 used in 

the determination of the optimal operating conditions for the system at Site #1. 

Mass loadings and removals for several water quality characteristics for these 19 

study periods and are included in the appendices. | 

Assumptions | 

Mass loadings and removals throughout the system were calculated using _ 

the chemical data from the samples collected [from the pump chamber of the RSF 

(C1) and the septic tank (C2)], and the flows from the household water meter (Q1:), 

the flow recycled back to the septic tank (Qz2), and the flow pumped to the 

drainfield (Q7). There are three known values obtained from these measurements 

which become the basis for the mass balance calculations: the mass from the RSF 

to the septic tank (Mz), the mass in the septic tank outflow (M3), and the mass 

pumped from the RSF to the drainfield (M7). A schematic for the mass balance 

calculations can be found in Figure 4.10. 

No samples could be collected from the point of wastewater entry to the 

system after the RSF was installed. Therefore, the actual concentrations of 

chemical species in the household waste was unknown. The average 

concentrations in the septic tank before RSF installation could be used to represent 
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Flow Volume Mass 
ee Cc, 1 From House (M 1) Qi Ms3- M2" 
e 2 From RSF to Septic Tank (M2) Q2 Q2xCi 

3 Septic Tank Outflow (M 3) Q:+Q2 (Q1+Q2)xC2 
4 Total to Septic Tank (M 4) Q:+Q2 M1+Ma2 : 
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* Total N includes Kjeldhal N only. 

Figure 4.10 Schematic for the mass balance calculations at site #1



the household conditions, but these were highly variable over time, therefore the 

household concentration was estimated as follows. 

An assumption was made in order to estimate the concentrations of | 

chemical species in the household waste since there was no sample point between 

the household and the septic tank. The concentrations in the septic tank are a 

combination of household waste and recirculated flow from the sand filter. The 

assumption made was that no transformations or losses of chemicals occur in the 

household waste as it passes through the septic tank. Therefore, the mass of | 

chemical coming from the house is equal to the mass flowing from the septic tank 

to the sand filter less the mass pumped to the septic tank from the sand filter. 

A further assumption was made for total nitrogen (TN). Household waste is | 

primarily NHs*-N and organic-N; there is no nitrate-N in household waste because 

anaerobic conditions exist and none was detected in samples collected from 1991 

, to 1992. Total kjeldahl nitrogen (TKN) consists of NH«*-N and organic-N; therefore, 

the TN in the household waste is the mass of TKN in the septic tank less the mass | 

of TKN in the septic tank from the sand filter. | 

The use of these assumptions in the mass balance calculations indicates that 

the removal of chemical mass, with the exception of TN, occurs only in the sand 

filter. Accordingly, no chemicals are removed in the septic tank except TN as 

nitrate-N (through denitrification) since it was assumed that no nitrate-N exists in 

household waste. The implication that chemical mass is not removed in the septic 

tank may be a limitation in the interpretation of these results based on mass and 

- .- percent removal, but not for TN removal which was the primary focus of this study. 
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Due to the problems encountered with bypass of the sand filter and the lack 

of a sample point between the “dam” and the soil absorption system, the total | 

mass to the drainfield cannot be accurately determined during most study periods at 

Site #1. Since there was no sample point, the mass bypassing the RSF was based 

on the concentrations in the septic tank and the flow assumed to be bypassing the 

sand filter. The total mass to the drainfield is the mass pumped from the pump 

chamber of the sand filter and the mass bypassing. Therefore, during study periods 

with bypass the calculated total mass loading to the drainfield is the best estimate 

| that can be made. During study periods #2, A, E, G, and J no bypass occurred, as 

a result the mass applied to the drainfield is known and the total loading to the 

drainfield is an accurate estimate for these study periods. 

| Due to mass bypassing the system, the mass removed by the RSF system 

was calculated in two ways: 1) based on the mass applied to the RSF to compare 

the treatment efficiencies resulting from the changes made in the recirculation rates 

| and 2) based on the total mass applied to the drainfiled to determine the loading to 

groundwater. 
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4.14 BODs, COD, and Total Phosphorous 

| The concentrations of BODs, COD, and total phosphorous (TP) in the septic 

tank and pump chamber of the RSF from 1992 to 1995 at Site #1 are included in 

Figures 4.11, 4.12, and 4.13. Samples for these characteristics were collected for 

15 of the 19 study periods used to evaluate the various levels of treatment 

achieved at this site. Samples were not available for study periods C, G, H, and W. 

Table 4.6 shows BODs removal for the RSF system based on the mass 

| _ applied to the RSF and also based on the total mass being applied to the drainfield 

accounting for system bypass. The estimated mass of BODs from the house was 

calculated using the mass balance assumptions discussed earlier. Using these 

assumptions, 28.4 to 385 grams/day (0.063 to 0.849 Ibs/day) of BODs were 

| generated in the household. BODs removal ranged from 80.8% to 99.0% based on 

the mass applied to the RSF for the various flow conditions used. BODs removal 

ranged from 40.9% to 98.2% when including system bypass. | 

The estimated average concentration of BODs in the household waste was 

293.1 mg/l (range 63.5 to 1238 mg/l). The average BODs measured in the septic 

tank before the system was installed was 270.6 mg/l (range 203 to 337 mg/l). 

The average measured BODs in the septic tank effluent after the system was 

installed was 114.3 mg/l (range 20.0 to 630.0 mg/l). The average measured BODs 

in the sand filter effluent applied to the drainfield was 13.3 mg/l (range 2.8 to 34.0 

mg/l). 
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Figure 4.11 BOD, concentrations in the septic tank and pump chamber of the RSF 

at site #1 from 1991 to 1995.
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Figure 4.12 COD concentrations in the septic tank and pump chamber of the RSF 
at site #1 from 1991 to 1995. ‘
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Figure 4.13 Total P concentrations in the septic tank and pump chamber of the 

RSF at site #1 from 1991 to 1995.



Table 4.6 BODs removal by the RSF system at Site #1. (Exclude study periods #1, D, Q, R, S, and T) 

Study Mass From House from RSF to Percent to Percent 
Period | Start House Entering RSF{ Drainfield (1) | Removed (1) | Drainfield(2)} Removed (2) 

(grams/day) (grams/day) (grams/day) (grams/day) 

[_[erons| mies | 453 | 459 | 60. | 08 | 060 | eae 
A [enna | enees | 609 | 609 | 65 | 004 | 66 | 894 

[8 _[enves | sses | 448 | 405 | 39 | 904 | a2 | 816 
[e[ anaes [tones [Ns [NS | NS | NS | NS | __NS 
[=e |vorres| i2maes | 402 | 402 | 19 | 964 | 19 | 954 
[F[anares| inzes | 284 [| 268 | 16 | 944 | 31 | 891 
[swiss | aaa [ns | sNS | NS | NS | NS | NS 

H_ [aaa [anves | Ns [NS | NS | NS | NS | NS 
[1 [anana|snoes [636 | 621 | 41 | 034 | 66 | 913. 

fans aes | is eso 
[_K[ vases | ea | 936 | 760 | 48 | 936 | 234 | 760 
[tenons | arses [3851 | 3327 [| 66 | 980 | 096 | 45 
[M_ [eres | ences | 47.2 | 337 | 65 | 808 | 200 | 576 | 
[NN [anrea | towes | 439 | 196 | 16 | 91.7 | 260 | 409 | ~~ [0 [tora | iis | 3616 [2439 | 25 | 990 | 1102 | 687 
ame | mame [ag fee foe | eee eg 7s 

22 [973 | 60 | ~~ 
 [-v[ ems | ernie | 476 | 446 =| 22 ~+| 981 | 62 | 690 [wT eras | erews [ns [Ns [NS NS NS [NS 

(1) Removal based on mass applied to the RSF, does not account for mass bypassing the system. 

(2) Removal based on total mass applied to the drainfield, accounts for system bypass. 

NS No Sample |



Table 4.7 shows the COD removal for the RSF system based on the mass | 

applied to the RSF and also the total mass applied to the drainfield accounting for 

system bypass. It should be noted that the results for study period B are | 

misleading because the COD concentrations measured in the septic tank (13.8 

mg/l) were less than in the sand filter (42.5 mg/\). 7 

The estimated mass of COD from the house was calculated using the mass 

| balance assumptions discussed earlier. Using these assumptions, 84.6 to 334 | 

grams/day (0.187 to 0.736 Ibs/day) of COD was generated in the household. COD 

removal ranged from 82.7 to 96.7% based on the mass applied to the RSF for the 

various flow conditions used. COD removal ranged from 38.8% to 93.7% when 

including system bypass. 

The estimated average COD concentration in the household waste was 364 

mg/l (range 217.5 to 707 mg/l). The average concentration of COD in the septic 

tank before the system was installed was 447.5 mg/I (range 344 to 585 mg/l). 

The average measured COD in the septic tank was 158 mg/I (range 13.8 to 344 

mg/l). The average COD measured in the sand filter effluent directed to the 

_ drainfield was 47.3 mg/l (range 27.7 to 88.2 mg/l). . 

Table 4.8 shows the removal of TP based on the mass applied to the RSF 

and the total mass applied to the drainfield accounting for system bypass. The 

estimated TP generated in the household ranged from 2.08 to 10.83 grams/day | 

(0.005 to 0.024 Ibs/day). TP removal ranged from 16.9 to 74.3%, based on the 

mass applied to the RSF for the various flow conditions used. TP removals ranged 

from 8.3% to 74.3% when including system bypass. ; 
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Table 4.7 COD removal by the RSF system at Site #1. (Excludes study periods #1, D, Q, R, S, and T). 

Study Mass From House from RSF to Percent j|to Drainfield} Percent 
Period Start House Entering RSF! Drainfield (1) | Removed (1) (2) Removed(2) 

(grams/day) (grams/day) (grams/day) (grams/day) 

[e_[erows| esves | 13458 | 1348 | 236 | oa | 236 | e240 
8 | enves | sass | 167 | 181 | 141 | 1780 | 185 | 1924 

[e [eras | ions [ns | NS | NS | NS | NS | NS 
(& [ron7es| vases | eae | 846 | ii1 | 668 | 111 | 868 
[Ff _[ranaes|iizms [1024 | 95.1 | 168 | 827 | 238 | 768 
[S| anaes | aaa [ns {| NS | NS | NS | NS | NS 
a 
[| anaes | sroea | 136.3 [733.0 | 145 | aot [178 

-_K_| vases | errs | 33a.a | 267.8 =| 174 | 935 | 640 | 749 
pt [anos | area | 207.2 | 1700 | 162 | 910 | 624 | 747 
[| arena | ances | i623 | 1106 | 168 | 948 | 686 | 616 
Nerves | rowma | 1063 | 469 | 66 | 860 | 650 | 383 
(0 | rormea | iimea_|_i7eo | 1192 | 69 | 942 | 687 | 631 
PP [ives | ams | 1697 | 1340 | 45 | 967 | 402 | 763 | 
-u[enzes | ares [960 | 906 | i114 | 874 | 168 | e265 

[were | enews [Ns | NS [NS | NS | NS | NS 
(1) Removal based on mass applied to the RSF, does not account for mass bypassing the system. 

(2) Removal based on total mass applied to the drainfield, accounts for system bypass. 

NS No Sample | :



| Table 4.8 Total Phosphorous removal by the RSF system at Site #1. (Excludes study periods #1, D, Q, R, S, and T). | 

Study Mass From House from RSF to Percent {to Drainfield Percent 
Period House | Entering RSF} Drainfield (1) | Removed (1) (2) Removed(2) 

(grams/day) | (grams/day) (grams/day) | (grams/day) 

(2 _[erows [eaves | 200 | 200 | 100 | 36] 100 | ane pA [ens [enews | 343 | aaa (|i «| ~~~] [8 enves | eases [343 [276 | 1.94 | 302 | 2.60 | 24.8 [ce [anans | vores [Ns [NS | NS | NS] NS | NS [| rores| vases | 2.08 | 208 | 168 | 194 | 1.68 | 19.4 | [F[iereaes| izes [301 _—[ es | 4.89 ~+| +388 + 1.98 | 38.0 [6 [sea [aaa [NS [NS [ONS *|ONS NS] [| ase [ania [ns [Ns [NS | NS NS] NS 2 |_| | aaa] snows | 391 | 376 | 189 | 497 | 208 | 477 “ [a [erie [raze | i083 | 1083 | 279 ~+| 74a 2.79 | 74a | K| asa | ene [747 | 430 ~*| 407 ~-| 85 | 7.23.) 32 [8 [anona|ersea [456 | 296 | 1.36 ~| ~~ 640+ ~ 2.98 | a [Mw | aees [ones [3.64 | 2.05 | 1.89 ~+| 226 ~+| 3.18 | 12.7 PN [enves [woes | 31a [40 | 078 | aaa] a2] 19.7 | [0 [tonnes | tires [3.29 | tea | oar | 618 | 242 | 266 [P| avers | 2aes | 221 | 102_-[ oe | 180 | 203 | a pu [snes [ers [421 [366 | asa [306 | 3.09 | 266 [Vv [ eras | ereves [2.82 [226 | 188 | 169 | 248 | 1367] | w [eases [eres [ns ns NS «dT NS <4 NS NS 
(1) Removal based on mass applied to the RSF, does not account for mass bypassing the system. 
2) Removal based on total mass applied to the drainfield, accounts for system bypass. 

NS No Sample



| The estimated average concentration of TP in the household waste was 

9.80 mg/l (range 5.36 to 27.15 mg/l). The average TP concentration in the septic 

tank before the system was installed was 9.00 mg/l (range 6.20 to 13.80 mg/l). 

: The average TP concentration measured in the septic tank effluent was 7.46 mg/| | 

(range 4.48 to 12.05 mg/l). The average TP concentration in the sand filter | 

effluent applied to the drainfield was 6.18 mg/l (range 4.25 to 9.22 mg/\). 

Two mechanisms are likely responsible for the removal of TP in the RSF 

system, adsorption and precipitation of free-phosphate (PO«*). Samples collected 

: _.were analyzed only for TP, no analyses were performed to distinguish organic-P 

| from PO4¢*. The adsorption of PO? in the sand filter is probably influenced by the 

HLR and the adsorptive capacity of the media in the RSF. The precipitation of PO4¢? 

in the RSF is probably influenced by pH and the presence of iron, calcium, or 

organic solids in the RSF. 

Due to the variability of TP loading to the system from the household, the 

different HLRs used, and the different pHs observed, it is difficult to determine 

which process is more important in controlling TP removal by the RSF system. If 

TP removal is desired, different sand filter media should be selected to achieve 

better removal than were found in this study. | 
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4.15 Nitrogen | 

4.151 Nitrification ; 

| Chemical data from samples collected on July 1, 1994 from the lysimeter in 

the unsaturated sand layer of the RSF, the monitoring well screening the saturated 

rock storage unit of the RSF, the pump chamber of the RSF, and the septic tank at 

Site #1 are shown in Table 4.9. These chemical data indicates that the 

concentrations of chemical species are not uniform within the sand filter. While the 

-lysimeter shows a nitrate-N production of 27.0 mg/l, the monitoring well and pump 

chamber show nitrate-N concentrations of <0.2 and 8.4 mg/I, respectively. The 

decrease in concentrations between the unsaturated and saturated bottom portions 

of the RSF imply denitrification in the bottom portion of the RSF. Therefore, it is 

impossible to estimate the amount of nitrate-N produced in the RSF using nitrate-N 

concentrations measured in the pump chamber of the RSF. 

Table 4.9 Concentrations of water quality characteristics in the sand filter monitoring 
well, lysimiter, pump chamber, and the septic tank at Site #1 as measured on 7/1/94. 

tozeson | rat | "at | ot_| mat _| sen Location | mg/l mg/l mg/l mg/l Std Units 

a 
ee 

A 
[SentTank [<0 [80ers | 5400 [eae 

Table 4.10 illustrates the changes in ammonia (NH3-N) and nitrate-N in single 

pass (non-recirculating) intermittent sand filters (ISFs) for a variety of hydraulic 

loading rates as documented in previous studies by Ronayne et al. (1982) and Cagle 
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) 

and Johnson (1994). As undiluted, unrecirculated septic tank effluent (STE) is 

applied to the ISFs, NHs-N concentrations are reduced by nitrification and/or 

volatilization. In a single pass ISFs reduce the NH3-N concentrations by 90 to 99 

%. Assuming that no volatilization occurs, the reduction in NH3-N concentrations is 

due entirely to nitrification and results in the production of 40.1 and 43.2 mg/| of 

nitrate-N. Nitrate-N concentrations in the effluent from ISFs are lower than the 

concentrations produced, implying approximately 28% denitrification by ISFs. Ball 

(1994) reports that ISFs of this design are capable of up to 50% denitrification, 

depending upon temperature. - 

Table 4.10 Changes in NHs-N and Nitrate-N concentrations from single pass intermittent 
sand filter systems [adapted from Ronayne et al. (1982), and Cagle and Johnson (1994)]. 

| STE ISFE | %Reduction | Nitrate-N ISFE ) 
| NHs3-N NH3-N NH3-N Produced | Nitrate-N Percent 

_ [| Study fim) img lt) (mg/l) | —(ma/l) (mg/l) Denitrification 

1. Ronayne et al. (1982) STE . Septic tank effluent 

2. Cagle and Johnson (1994) ISFE Intermittent sand filter effluent 

The reductions of NH4*-N in an RSF system with multiple passes should be 

similar to the reductions observed in a single pass ISF. If compete conversion of 

NH.*-N to nitrate-N in the RSF system occurred, no NH4*-N would be detected in 

the sand filter; the conversion in the sand filter was not complete since average 

NH4*-N concentrations between 2.5 and 22.6 mg/l were detected in the pump 

chamber of the RSF and average NHs*-N concentrations detected in the septic tank 

ranged between 7.5 and 53.2 mg/l. When using the septic tank concentrations, 
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the conversion of NH4*-N to nitrate-N is 57 to 67% complete; only half of the 

reduction seen in ISFs. However, septic tank concentrations are diluted by reduced 

concentrations being recycled from the RSF. The undiluted, unrecirculated influent 

household NH4*-N concentrations estimated from the mass balance calculations 

should be used to compare the reductions of single pass ISFs and the RSF system. 

Table 4.11 shows the theoretical changes in NHs*-N and nitrate-N | 

concentrations in the RSF system at Site #1. The conversion of NH«*-N to nitrate- 

N is estimated from the influent household NH.*-N concentrations and the NH4*-N 

- concentrations measured in the pump chamber of the RSF. A range of 25.0 to 

87.7 mg/l of nitrate-N were produced in the sand filter, a theoretical NHa*-N 

conversion of 56 to 96%, with hydraulic loading rates (HLRs) between 9 and 56 

~ cem/day. NH«4*-N removal by volatilization is not likely to be significant at the near 

neutral pH values seen in the sand filter (6.56 to 7.68 Std. Units) at Site #1 despite 

the high degree of air to water contact provided by pumping effluent to the top of 

the sand filter. Therefore, the reduction in NH4*-N is due entirely to nitrification in 

the RSF. 

: Nitrate-N concentrations in the pump chamber of the RSF are lower than the 

concentrations estimated to be produced implying 38 to 96% denitrification in the 

RSF. Denitrification in the RSF system at Site #1 is greater than the denitrification 

seen in ISFs due to differences in the designs of the two systems. The design of 

the RSF system includes a saturated rock storage unit for denitrification, whereas 

ISFs are designed to drain completely. 
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Table 4.11 Theoretical changes in NH4*-N and Nitrate-N concentrations in the RSF for the study periods used in the determination of 

effluent treatment by the RSF system at Site #1. (Excludes study periods #1, D, Q, R, S, and T). 

| Estimated in Average Measured in RSF _ Theoretical 

Household Waste 

Sand Percent Percent 

Period HLR Ratio TKN NH4*-N TKN NH,4*-N | Nitrate-N NH,4*-N * Produced Nitrate-N 

| (em/day) | (SFR) | (mg/l) | img/) | img) | imal) img) mg) tt 

77 [23 | 4.0 | 646 | 425 | 133 | 104 | 85 [ 76 | 321 | 74 

a | 25 | 38 | 67.5 | 482 [ 112 | 90 [ 82 [81 |) 392 0 | 79 
—~ gf 19. |.29 | 717 | 647 [ 135 | 11.9 | 109 [82 | 628 | 79 

ef 23 | 40 | 1127 | 668 [ 93 | 89 | 35 [90 | 770 | 96 
—e [62 | 87 | 700 | 36.0 | 67 | 25 [| 114 [| 93 | 325 | 65 | 

saa 6.3 | 67.1 | 631 | S86 | 42 [ 187 [ 92) | 489 | 62 

me [49 | 81 | 885 | 562 | 54 | 45 [ 148 [ 92) [517 | 71 
2 Fy [26 | 35 | 865 | 658 | 76 | 60 | 135 | 91 | 698 | 77 | 

7 [aa 7.1 | 862 | 461 | 72 | 63 [ 125 [ea | 398 | 69 | 
— 60 | 8.1 | 1106 | 933 | 66 | 56 | 114 [94 [ 877 | 87 | 

xf 40 | 34 | 551 | 463 [ 76 | 65 | 122 [ 86 | 388 | 69 
[15 | 25 | 686 | 623 | 142 [ 135 [| 44 [74 | 388 |) 89 

m1. 9 |_16 | 769 | 626 | 262 [| 226 [| 58 [ 64 | 400 | 86 | 

nat «| 2.2 | 675 | 63.2 | 138 [ 104 | 205 [81 | 428 | 62 
po fs 20 | to. far | 268 | 187 |g | ee 

a9. | 85 | 842 | 681 | 45 [ 30 | 162 | 96 | 65.0 | 75 
yf 42_ [| 67 | 627 | 673 [| 65 [| 49 | 109 | 93 | 624 83 

v. |. a4. | 62 | 667 | 602 | 70 | 46 | 87 [| 92 | 556 | 84 

1} 4 eee es sa 0 8



| Figure 4.14 and Figure 4.15 show the relationships of the hydraulic loading 

rate (HLR) and sand filter ratio (SFR) to the theoretical conversion of NH«*-N in the 

RSF. In general, a greater percentage of NHs*-N is converted at higher hydraulic 

loading rates and sand filter ratios. However, nitrification in the RSF is also 

dependent on temperature and alkalinity levels. 

The reported minimum temperature for nitrification to occur is 5°C 

(Shammas, 1986). Temperature and nitrate-N concentrations measured in the 

pump chamber of the RSF are shown in Figure 4.16. The lowest temperature 

observed in the sand filter was 2.5°C on (February 4, 1994) and is below the 

minimum temperature required for nitrification; however, on this date, 13.1 mg/l of 

nitrate-N were measured in the sand filter. Temperature readings in the RSF were 

also below 6°C between January and March of 1993, 1994, and 1995, and during | 

these three winters nitrate-N levels in the RSF again remained above 10 mg/l 

despite the low temperatures. | 

Nitrate-N levels below 10 mg/l were detected during pump failure periods (5) 

and (6) and also during fall of 1993 and the summer of 1994 even though 

temperatures which were favorable for nitrification. These concentrations are likely 

the result of denitrification in the RSF, or lower SFRs. 

The variations in the nitrate-N concentrations measured in the RSF make it 

difficult to determine the effect of temperature on nitrification. However, despite 

temperatures below the minimum required for nitrification, nitrate-N concentrations 

detected in the sand filter were greater than 10 mg/, indicating that some degree 

of nitrification still occurred. 
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Figure 4.14 Percent conversion of ammonium to nitrate-N in the sand filter 

vs hydraulic loading rate at Site #1. 
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Figure 4.16 Nitrate-N concentrations and Temperature in the pump chamber of the 

RSF at Site #1 from 1992-1995.



The minimum alkalinity level required for nitrification is 40 mg/l as CaCO3 

(Sandy, 1987). Figure 4.17 shows the alkalinity and total hardness concentrations 

in the septic tank and pump chamber of the RSF from 1992 to 1995. Alkalinity in 

the pump chamber of the RSF has remained above 100 mg/I (CaCQs) since the 

system began operating. The limestone within the rock storage unit of the RSF 

continues to provide an adequate supply of alkalinity for nitrification in the RSF. | 

The average alkalinity and total hardness concentrations in the septic tank before 

the system was installed were 381.4 mg/l (range 340 to 432 mg/l) and 154.5 mg/l 

(range 124 to 180 mg/l), respectively. 7 

It is impossible to determine the amount of alkalinity destroyed by 

nitrification in the RSF because: 1) total hardness and alkalinity concentrations in 

the septic tank and sand filter are a mixture of treated effluent and household : 

loading, and there is no way to differentiate between them, 2) alkalinity increases 

due to denitrification in the septic tank and/or sand filter cannot be accounted for, 

3) organic solids in the effluent samples buffer the alkalinity endpoint, and 4) 

alkalinity consumption by sulfur reactions cannot be accounted for (no analyses 

were performed for sulfate or H2S). . 

Alkalinity increases in the RSF due to denitrification cannot be accounted for 

since samples were not collected from the rock storage unit; therefore, it is 

impossible to construct a statistical model for nitrification. However, because some 

nitrification still occurred despite low temperatures, and because alkalinity levels 

were within the range of the microorganisms involved, it appears that the variation 

in the conversion of NHa*-N was due mostly to the changes made in recirculation 
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. Figure 4.17 Alkalinity and Total Hardness in the septic tank and 

pump chamber of the RSF at Site #1 from 1991 to 1995.



rates to the top of the sand filter. 

4.152 Denitrification ; 

Table 4.12 shows the removal of nitrate-N in the septic tank by the 

denitrification process for the 19 study periods used in determining treatment 

efficiency. [It is assumed that denitrification of the nitrate-N produced in the sand 

filter occurs prior to pumping; thus, the concentrations pumped to the septic tank 

are the concentrations measured in the pump chamber of the RSF. Average nitrate- 

N concentrations between 0.2 and 9.4 mg/l imply incomplete denitrification during 

some study periods. Denitrification is assumed to be 100% complete when nitrate- 

N concentrations are below the limit of quantitation (<0.2 mg/l). Denitrification in 

the septic tank did not occur during study period N when no flow was pumped from 

the RSF to the septic tank (STR = 0.00, HRT = 11.7 days). 

Denitrification of the nitrate-N pumped from the sand filter to the septic tank 

ranged from essentially complete down to only half complete (49.9% during study 

‘period F) with STRs between 0.9 and 5.50 and HRTs of 6.8 to 1.5 days. In 

| : theory, if the STR is too high, denitrification could be inhibited by the excessive 

loading of aerobic effluent recycled from the sand filter. Unfortunately, samples 

were not collected for DO, thus the STR at which aerobic conditions developed in 

| the septic tank cannot be determined. : 

The highest average nitrate-N concentration in the septic tank was 9.4 mg/l 

(range 3.6 to 15.1 mg/l) during study period F (December 24, 1993 through 

January 12, 1994). This high nitrate-N level occurred with a STR of 2:30, which | 
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was not the highest ratio used during this study: STRs between 3.3 and 5.50 also 

had detectable nitrate-N levels ranging between 3.3 and 4.2 mg/l. However, 

denitirification in the septic tank is also dependent on temperature, pH, and carbon 

availability. 

Table 4.12 Average removal of Nitrate-N in the septic tank by the denitrification process 
for the study periods used in the determination of effluent treatment at Site 
#1, (does not include study periods #1, D, Q, R, S, or T). 

Septic 

" Tank NOs +NOQOz-N | NOs +NO2z-N ‘Percent 
Study | Ratio Sand Filter Septic Tank Denitrficication 

| #2 { 23 | 25 | 85 [| 02 | 976 | 

| Bo | 18 | 32) | 109 | 0788 
100.0 

PE | 55 | 15 | 1144) Tl 4 f 
pF | 23 | 263) | 187 [| 94 &2x1| a99 | | 

Go | 22 | 31 | 48 [04 [975 | 
PH | 09 | 4700] 135 Of <02 100.0 
pt | 19 | 30 | 125 ~[ 20 0CCT 89S 
VJ | 30 | 24 | 1144 [os 8 
PK [15 | 200 | 122 T  <02 [1000S 
pt | 30 | 24 | 44 fT <02  [ 1000 | 
pM [| 12 [| 49 [ 58 [| 02 | 971 
PN | oo | 11.7 | 205 J  <02 [| oo | 

 ~to | 10 | 68 | 155° [03 | 984 | 
Pp Po | 21 | 33) |) 162) CT 8 

pu | 33] 22° | 109) | 9 f8S 
pv | 31] 27) | 87h <02 [1000S 

| p wii 34 |] 160 |) 70 02 fT 
NOTE Denitrification is assumed to be 100% complete for Nitrate-N <0.2 mg/l 

The reported minimum temperature for denitrification in land treatment 

systems is approximately 2 to 5°C (Crites et Al., 1981). Temperature and nitrate-N | 

) concentrations in the septic tank from 1992 to 1995 can be seen in Figure 4.18. It 
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should be noted that during study period R nitrate-N levels reached 16.4 mg/l in the 

septic tank with an average temperature of 4.7 °C. This high nitrate-N level was 

due to the excessive loading of aerobic RSF effluent being recirculated to the septic 

tank due to a problem with the electrical controls for the pump in the pump 

chamber. 

The lowest temperature in the septic tank was 3.3°C on February 25, 1994, 

near the minimum temperature for denitrification to occur. On this date 3.0 mg/l - 

' -. nitrate-N occurred in the septic tank, indicating that temperature may be inhibiting 

denitrification. 

Denitrification rates are depressed below a pH of 6.0 and above a pH of 8.0 

with the highest rates occurring within a pH range of 7.0 to 7.5 (EPA 1975). 

| Figure 4.19 shows the pH in the septic tank from 1992 to 1995 at Site #1. After 

the installation of the “dam”, pH values ranged outside the optimal range but did 

not fall within the ranges at which denitrification would become depressed. 

Therefore, denitrification within the septic tank was not inhibited by pH. 

Table 4.13 shows the average percent denitrification, temperature, STR, 

BODs, COD, and pH measured in the septic tank for the study periods used in | 

determining optimal effluent treatment by the RSF system at Site #1. Values of 

percent denitrification below 100% indicate that denitrification was inhibited during 

some study periods. Denitrification could not occur during study period N when no 

flow was directed to the septic tank. 
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Table 4.13 Average nitrate-N, temperature, septic tank ratio (STR), BODs, COD, and pH in 

the septic tank at Site #1 for the study periods used in determination of 

optimal effluent treatment by the RSF system 

Study Percent 
Period Denitrification | Temperature STR BODs COD 

igi) | (magi) | Std. Units” 
p #2 | 98764 23 | 47 [150 [7.13 | 
pA 9847S 2 | 54 151 7.24 

Pp BUT 98-6 NS | 44 | 4 758 
pc UT 100.0 | NSE 25 | NS | ONS) [| ONS 
PE CUT 62 T1038 5S | 20 | 588 | 7.26 
PF 9 2 | 22 | 100 [| 7.08 

VO Gt 7ST 4 22 TNS [ ONS) [| NS 
J HUT 1000 | 4 Of NS [ nS) [NS | 
po 8B et te 56 | 128 [7.32 | 
p92 8.0 Of 181 | 211 [7.09 | 
pK 100.0 | 176 | 5 | 55 | 197 | 698 | 
pL 100.0 | 176 | 8.0 | 265 | 186 | 7.22 | 
pM T9877 2 | 78 | 240 [7.22 
PN | 7.2 | 0 133 [319 7.17 
J O98 4ST 0 | 630 | 344 [7.50 | 
PP 9838 2 | 87 | 162 | 7.32 
po 8 OT 83 | 55 | 80 T7538 

| pv 00.0 S| 13.8 | 3 | 39 | 100 Sf 7.34 
tL wf 97.t 163 | 3.4 fT nS [ nS  [ NS | 
Note Denitrification is assumed to be 100% complete for Nitrate-N <0.2 mg/l 
NS Indicates no sample available | 

A multiple regression model was constructed to determine which factor(s) 

had the most influence on the degree of denitrification in the septic tank. Twelve 

of the 19 study periods were used to determine optimal effluent treatment by the 

RSF system could be used to determine the factor(s) that have the most influence 

on denitrification in the septic tank at Site #1. Study periods A, B, C, G, H, N, and 

| W were omitted since temperature readings and/or BODs, COD, and pH analyses 

were not available. | 

The model yielded a multiple regression coefficient R?=0.81 (p=0.09). The 

model does not allow any conclusions to be drawn with any statistical significance 
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(p<0.05). However, this is the best model that be constructed for denitrification at 

Site #1 because many study periods were omitted for reasons previously discussed. 

Probability values (p) of the variable coefficients suggest that temperature explained 

the most variation in denitrification in the septic tank (Table 4.14). 

Table 4.14 Variables, coefficients, and probability values for the multiple regression model 

of denitrification in the septic tank at Site #1. 

___Variable__— Coefficient __ p-value __ 

| intercept -436.9 0.14 
Temperature 2.0 0.15 

HRT -9.8 0.19 

: STR -4.8 0.41 

BODs -0.04 0.43 

COD 0.22 0.30 

| pH 70.4 0.30 

Incomplete denitrification in the septic tank can be attributed primarily to the 

low temperatures observed in the septic tank at Site #1. The low temperatures 

encountered in a typical Wisconsin winter may affect the nitrogen removal 

) capability of the RSF system at Site #1; however, this site had low hydraulic 

loading and lower incoming temperatures than would most domestic systems. 

| As noted previously, denitrification does not occur solely in the septic tank. : 

Denitrification of the nitrate-N produced in the sand filter ranged between 38 and 

96% complete. It is suspected that more denitrification occurs in the sand filter 

when the saturated thickness in the bottom portion of the RSF is greater. | 

| 4.153 Total Nitrogen a 

| The loading to and removal of TN from the system at Site #1 was obtained 

from mass balances of the 19 study periods used to determine optimal nitrogen 
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removal. Due to the problems encountered with the design and actual flows, some | 

untreated effluent bypassed the RSF and went directly to the drainfield during 15 of 

these 19 study periods. Hence, removals were calculated based on the mass | 

applied to the RSF to make comparisons of the treatment efficiency for the various 

flow conditions used (Table 4.15). The total mass applied to the drainfield was 

calculated taking into consideration the bypass, and is used to determine the 

impacts on groundwater (Table 4.16). TN and chloride concentrations in the septic 

tank and sand filter from 1991 to 1995 are shown in Figure 4.20 and Figure 4.21, 

respectively. | 

TN removal based on the mass applied to the RSF ranged from 49.1% to 

92.8% over the course of the study, with the various flow conditions described | | 

earlier. TN removal based on the mass applied to the drainfield ranged from 21.8% 

to 83.7%. These ranges are different because of the untreated effluent that 

bypassed the system. 

The estimated TN concentration in the household waste was calculated from 

the mass balance calculations. From these calculations the average TN 

| concentration in the household waste for the 19 study periods used in the 

determination of treatment efficiency was 78.1 mg/l (range 55.1 to 112.7 mg/l). 

The average TN concentration in the septic tank before the system was installed 

was 76.0 mg/l (range 58.0 to 96.0 mg/l). The average TN concentration measured 

in the septic tank effluent after system installation was 35.1 mg/l (range 19.8 to 

68.8 mg/l). The average concentration of TN in the sand filter effluent applied to 

the drainfield was 21.7 mg/l (range 12.7 to 41.9 mg/l). 
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Table 4.15 Total Nitrogen removal for the RSF system at Site #1 based on mass applied to the RSF 

feo |_| se | SE : Study House Removed in | Removed in RSF to |Removed by| Based on Mass 
Period | Start Entering RSF* | Septic Tank RSF Drainfield System Applied to RSF* 

(grams/day) (grams/day) | (grams/day) | (grams/day) (grams/day) | | (%) _ 

eee 
(8 [siss | omans [ara aes [e[aaana [Tones [362 [aoe |e 
[PE Pronrna| anes [ara eres 
[F[raeans| name [ae ea era eer 8 [rene | aaee[a0|eaae = |_| eae anes | asa eo ee aa [Peres | ser | ares sass a [sane | rasa [ates ae (kPa [eens [eee ee saa [TE [arose Tansee eee aaa [arene | orene | es) as ose ese (8 [orrea owes [ea eo ae ae oPronmea | aires [ea a oar PN 
(of snaes [eres [anos ae eee Vv sare | ereres [area ase pw [mans [enews | ea [ee | ee [es ea



Table 4.16 Total Nitrogen removal for the RSF system at Site #1 based on mass applied to drainfield. 

. Mass Removed Mass Mass From Mass Mass Based on Mass Study From in Septic | Removed in RSF to Bypassing| Total to | Removed by Applied to Period Start House Tank RSF Drainfield RSF Drainfield System* Drainfield* (grams/day) | (grams/day) (grams/day) (grams/day) (grams/day) | (grams/day) | (grams/day} (%) 

se[n| (S/S Be ele 
8 [anes |ors3 | a0 | aa [ane [at a] an sf a | c | seas [sonia [are [30 [6 [as eas | meee |e [roars | sareses [972 [137 [6887 [008 08 _ | ienaes | iizies [300 [64 fei | s__|as_tns} tea a = | S| Wises | zara [36.0 [22 [ae 80 [00 = [Hera [aries [a1 [60 [ee a8 ea] aa | 1 | aes [snore | se8 [78 [as as | 0a se 

|_t | enorea | easree [ans [er | es af ete ta a 
af envies [yore [a8 00 | as 0 af a] a
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Figure 4.21 Total Nitrogen and Chloride concentrations in the 

sand filter at Site #1 from 1991 to 1995.



Maximum Removal 

| A maximum TN removal of 92.8% based on the mass applied to the RSF 

was accomplished during study period C (September 24, to October 11, 1993). 

The household water usage during this time was 372 Ipd (98.3 gpd). The flow 

conditions used to achieve this removal where an SFR of 4.00, an STR of 2.50, a 

drainfield ratio (Q*) of 0.530, with 0.470 bypassing the system as shown in Figure 

4.22. These flow conditions yielded a hydraulic loading rate to the top of the sand 

filter of 23 cm/day (5.6 gpd/ft?) and a hydraulic retention time within the septic 

| tank of 3.0 days. Of the 41.9 grams/day (0.097 Ibs/day) of TN estimated to be in 

the household waste, only 35.2 grams/day (0.078 Ibs/day) entered the RSF. Of 

this mass applied to the RSF, 3.0 grams/day (0.066 Ibs/day) were removed by the 

, septic tank and 29.6 grams/day (0.065 Ibs/day) were removed in the RSF, for a 

total removal of 32.6 grams/day (0.072 Ibs/day) or 92.8% TN removal. The 

estimated household TN concentration was 112.7 mg/l. The average TN 

concentration in the septic tank and RSF effluents were 38.8 and 12.8 mg/l, 

| respectively. 

| The results for study period C based on the mass applied to the RSF, 

indicate excellent TN removal. Only a portion of the mass from the house entered 

| | the RSF and received treatment; 16.1% of the mass from the household bypassed 

the system and went directly to the drainfield (Table 4.17). Of the 41.9 grams/day 

(0.092 Ibs/day) coming out of the household 32.6 grams/day (0.072 Ibs/day) were 

removed, 2.5 grams/day (0.006 Ibs/day) were pumped to the drainfield from the __ 

RSF, while 6.8 grams/day (0.015 lbs/day) bypassed the system. 
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HRT - Hydraulic Retention Time in the septic tank ((Liquid Storage Volume (3788 liters)) / Total Flow into Septic Tank). 

Figure 4.22 Flow shematics for study period C at Site #1



Table 4.17 Percent dally loading and removal of household Total N mass for the RSF system at Site #1, 

Mass Removed % Mass % Mass % Mass | % Mass % Mass 
Study From | in Septic | Removed in | From RSF to | Bypassing| Total to | Removed by 
Period Start House Tank RSF Drainfield RSF Drainfield System* 

(grams/day) 

(#2 | eraona [anves [ase [ aes | 7s | 9 [00 | me | er [a [snes [ snes | a6 [300 [aes —d i a] [8 | eves | oases [308 [252 | ars [esi | a] ea [ce [erases [tones [are [72 [oe [60 | tei | at) 773 | & | sorariea | vaaaes | 272 [08 [a8 [35a 00 | maa | 786 ee eee nef esa ses fre 
228 [00 | me | 72 

$0 [Paneer | saoee [aes [as] sa as a [| siaiaa [raze [aa | 280 [sae i808 
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By accounting for the mass bypassing, the TN removal is reduced from 92.8% to 

77.9%, since 9.3 grams/day (0.021 Ibs/day) or 3.4 kg/year (7.5 Ibs/year), instead 

- of 2.5 grams/day (0.006 Ibs/day)or 0.9 kg/year (2.0 Ibs/year), were entering the 

drainfield. 

The highest TN removal that occurred when the system was operating 

without any bypass, was 83.7 %, achieved during study period J (April 21, to July | 

22, 1994). The average household water use (Q) was 399 Ipd (105.4 gpd) with an 

SFR of 8.10, an STR 3.00, an HLR of 50 cm/day (4.8 gpd/ft?), and an HRT of 2.0 

| days. The flow schematics for study period J at Site #1 can be seen in Figure 

4.23. Of the 44.1 grams/day (0.097 Ibs/day) of TN generated in the house daily, 

7.2 grams/day (0.016 Ibs/day) or 2.6 kg/year (5.7 Ibs/year) entered the drainfield. 

The estimated TN concentration in the household was 110.6 mg/l. The average TN 

: concentration in the septic tank and sand filter effluents were 32.2 and 18.0 mg/l, 

respectively. 

Study periods #2, A, E, and G did not have any bypass and TN removals of 

66.2, 66.1, 75.6, and 77.2% were achieved. The estimated TN concentrations in 

the household for study periods #2, A, E, and G were 64.6, 57.5, 70.0, and 88.5 

mg/l, respectively. The.average TN concentrations in the septic tank for study 

periods #2, A, E, G were 29.3, 25.8, 19.8, and 32.0 mg/l, respectively. Average 

TN concentrations in RSF effluent pumped to the drainfield for study periods #2, A, 

E, and G were 21.8, 19.4, 17.1 , and 20.2 mg/l, respectively. While above the 10 

mg/| nitrate-N standard the concentrations in the RSF represents an average of 

76% nitrogen removal by the system. | | 
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Figure 4.23 Flow schematic for study period J at Site #1



Removal in Sand Filter and Septic Tank 

Figure 4.24 shows the percentage of the TN removed by the sand filter and — | 

septic tank, which were determined from the mass balance calculations of 19 study 

periods based on the mass applied to the RSF. In general, more TN was removed 

within the sand filter than in the septic tank. Although the volatilization of 

ammonia within the RSF may be occurring, it is suspected that the majority of the 

| TN removed by the sand filter occurred largely due to denitrification within the rock 

storage unit. | 

| To determine the TN removal by the sand filter alone, no flow was directed 

to the septic tank during study period N (September 17, to October 6, 1994). | 

Denitrification in the sand filter alone resulted in 49.1% TN removal based on the 

mass applied to the sand filter. During this 19 day period the average TN 

concentration in the septic tank increased to 67.5 mg/l (range 50.9 to 78.0 mg/)). | 

The average forward flow (Q) for study period N was 330 Ipd (87.2 gpd). The 

| average hydraulic conditions for study period N were an SFR of 2.20, an STR of 

OQ, a Q* of 0.450, a BPR of 0.550, an HLR of 11 cm/day (1.1 gpd/ft’), and an 

HRT of 11.5 days. With no recycling of flow to the septic tank, this TN 

concentration represents household conditions. The average TN concentration in 

the septic tank before the system was installed was 76.6 mg/l (range 58 to 96 

mg/l) with a forward flow of 371.3 Ipd (98.1 gpd). 
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Figure 4.24 Percent Total N removal in the septic tank and sand filter at Site #1. 9 
Percent removal based on the household mass applied to the RSF. pp 
Does not include mass bypassing the RSF.



4.16 Volatile Organic Compound Attenuation | 

Samples for the analyses of VOCs. were taken on eight occasions between 

July 8, 1993 and June 29, 1995. Table 4.18 shows the compounds detected in 

the septic tank and the pump chamber of the RSF. Toluene, sec-butylbenzene, 

dichloromethane, tert-butylbenzene, 1,4-dichlorobenzene, and o-xylene/styrene 

were detected on various occasions in the system at Site #1. Concentrations of 

these compounds were generally much higher in the septic tank, indicating removal 

within the sand filter. No detectable levels of VOCs were detected in the 

groundwater at Site #1. 

For all sample dates toluene was found in the septic tank in concentrations 

ranging from 20.0 to 345 ug/L. Toluene concentrations in the sand filter ranged 

from below the limits of quantitaion (0.5 pg/L) to 64.9 ug/L. Assuming that the 

concentration of Toluene present in the septic tank represents household conditions 

diluted by recycled effluent from the RSF, 81 to 100% of the toluene was 

removed by the RSF system. The Maximum Contaminant Level (MCL) for toluene 

, in drinking water is 1.0 mg/l (USEPA, 1995). Toluene levels in the septic tank 

never reached this level, nor was any toluene detected in the groundwater at Site 

#1. 

The second most frequently detected compound at Site #1 was sec- 

butylbenzene. Concentrations ranging from 1.7 to 52.1 pg/L sec-butylbenzene 

were found in the septic tank on six of the eight sample dates. Concentrations in 

the sand filter ranged from below the limit of quantitation (0.5 tg/L) to 2.1 ug/L. | 
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Table 4.18 Volatile Organic Compounds detected in the septic tank and pump chamber of the RSF at Site #1 : 

Sample date | July 8, 4 October 19, | January 21, | April5, | August 16, | February 3, | May 19, | June 29, | 
1993 | 1993 | 1994 1994 | 1994 | 1995 | 1995 | 1995 

| | | | 3 : 
! | | | | 

Compound (ppb) ST RSF I ST RSF J ST RSF ST RSF | ST RSF ST RSF | ST RSF L ST __RSF 

_ | ND ND | NO ND | ND ND | ND ND |} NO ND | ND ND | ND ND | NO ND 

Toluene | 24.0 NS 1 §3.9 ND | 20.0 1.8 | 36.0 1.7 | 345 #£64.9 | 50 ND | 57.8 2.1 | 135 6.3 

sec-Butylbenzene | 15.1 NS | 52.1 ND | ND ND ND NO | 9.3 «1.6 § 0.5 NO 7 1.7. ND P24 2.1 
Dichloromethane 5.5 NS ND no | ND ND ND ND ND ND # NO ND | ND ND : ND ND 
tert-Butylbenzene ND NS 1.7 ND | 2.7. ND ND ND ND ND jf ND NO : NO ND j ND NO 
Bromobenzene ND NS 1.0 ND ND ND ND ND NO ND #} ND NO NO NO i NO NO 

1,4-Dichlorobenzene NO NS ND NO 3.7 NO NO NO NO ND | NO ND ND ND NO NOD 

o-Xylene/Styrene ND NS ND ND ND ND ND ND NO ND ND ND ND ND | NO 96 

on NS No Sample Taken ST Septic Tank 

ND Compound not detected | RSF Pump Chamber of RSF



The RSF system removed between 0 and 100% of the sec-butylbenzene present in 

the septic tank. An MCL for sec-butylbenzene has yet to be issued by USEPA. No 

sec-butylbenzene was detected in the groundwater at Site #1. | 

Dichloromethane, tert-butylbenzene, and bromobenzene were each detected 

in the septic tank on at least one sample date. It is unknown what percentage of 

| the 5.5 g/L of dichloromethane detected in the septic tank on July 8, 1993 was 

removed, since a sample was not obtained from the sand filter on this date. One- 

-. hundred percent removal of tert-butylbenzene occurred for the samples of October 

oe 19, 1993 and January 21, 1994. It also appears that 100% removal of 

bromobenzene and 1,4-dichlorobenzene occurred for the samples of October 19, | 

1993 and January 21, 1994, respectively. | | 

| 4.17 Study Periods Omitted From Evaluation of Effluent Treatment 

Study Period #1 : 

During study period #1 the problem which resulted from retrofitting the RSF 

to the existing septic system at Site #1 made it impossible to determine the 

portions of the effluent applied to the drainfiled from the sand filter or bypassed 

directly from the septic tank. As a result, mass balance calculations could not be 

produced. Table 4.19 shows the ranges, averages and percent reductions of 

| several water quality characteristics for the septic tank and pump chamber of the 

RSF during study period #1 at Site #1. The reductions during study period #1 are 

: based on the concentrations observed in the septic tank prior to the installation of 

. the RSF system at Site #1. In the worst case scenario all of the effluent applied to 
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Table 4.19 Averages, ranges and percent removals of several water quality 
characteristics for the septic tank and pump chamber of the RSF at site #1, Study period #1. 

| | Septic Tank BEFORE] Septic Tank AFTER RSF | Sand Filter * |  RSFinstalled | Installed * : 
i 9/6/91 to 7/15/92 | 10/27/92 to 6/8/93 | 10/27/92 to 6/8/93 
7 Range : Range | Range | |} Min | Max. | Avg. [| Min | Max. Avg. | Red. | Min | Max. | Avg. | Red. ae G/L | mg/L | mg/L | mg/L | mg/t | mg/L 1% [mg/l | mg/L | mg/t | % om [208 | Se7 [ros] 49 [eso fess [rer [18 [io] 87 [ore ee [5 2 28a Tah oa [5 oH eter [05 soa] <a] <oz[ a5 [oa [wa [os paar [es [eel [eee [6 eee far asa [a [aes | 70 [aa | [ee [ree [aoe fae oso | 20ers foes NL [88 [788 [288 fers | aes [eee [ia aor aa [as REE [ee [Reel S00 [S00 S20] asa | r80] a0 | ao ras | Akalinity [340 | 432 381.4] 228.0/ 306.0] 266.8 30.0 | 128.0] 293.0] 172.2 | | | ree] | oo [Fen | 660] 880] ora] “a free] tooo] azo See [| os [80 [seo see [a7 favo seo sea yaa] ee | EPR [78 [780 [808 770 [awe Ver | a7 [sae ee NS LS [aS P88 [a | ose [am Pars [rae | aa a Nd a emer [| of [ee as eee ee per 

Shading indicates percent reduction 
| 

(*) Does not include first two sampling periods after RSF was installed, or pump failure periods > 5 days. 

(-) Indicates an increase. 
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the drainfield came from the septic tank; TN concentrations applied to the drainfield | 

were 54.4% less than those being applied to the drainfield without the RSF system. 

| Incorrect Design Flow Settings 

The flow rate from the RSF to the drainfield was mistakenly set to zero 

during study periods Q, S, and T, making it impossible to determine how much } 

effluent was treated by the RSF and how much bypassed the system. Therefore, 

mass balances were not produced for these study periods. | 

_ | Study Period D 

During study period D (October 12 to 26, 1993) the timer control panel for 

the sand filter pump was removed on October 12, 1993 for a design modification. 

With the timer control panel removed, effluent was not recirculated through the 

system. When water levels in the sand filter reached the bypass level septic tank 

effluent bypassed the sand filter and went directly to the drainfield. Since no 

effluent was recirculated during this time, it was assumed that nitrogen was not 

being removed by the system. Therefore, a mass balance was not produced. A 

simplified timer control panel was installed on October 26, 1993 and effluent was 

once again recirculated through the system. “ 

The concentrations of chemical species in the septic tank during study 

period D represent household conditions, because the system was not operating 

and no flow was directed back to the septic tank. The average concentrations of 

several water quality characteristics observed during study period D and those 

| observed in the septic tank prior to the installation of the RSF system are included 

in Table 4.20. 
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Table 4.20 Concentrations of several water quality characteristics in the septic tank and 

pump chamber of the RSF from before the installation of the system and also 

during study period D at Site #1. 

| Septic Tank. | Septic Tank | Sand Filter 
| BEFORE RSF , | AFTER RSF | AFTER RSF 

, Installed | Study Period D | Study Period D 
| 9/6/91 -7/15/92 110/12/93 - 10/26/93} 10/12/93 - 10/26/93 
? | | 
| Range | Range : | Range 

: | Min | Max. | Avg. | Min | Max. | Avg. | Min | Max. | Avg. 

| mg/l | mg/l | mg/l i mg/l | mg/l mg/l | mg/l | mg/l mg/! 

I | | | 

eo oe [os fers ae ae fae | | | | | . 

Revworn | oz] zoz| <uz oa] oz [eal or | =a | 
Ren [eal 7 [eee [ro [wo [so ee [7 [6 
RT [ee pmo fe [eee [ae | : | 

ee | [re [ee fee [ef ee [oe a 
[em [eo] om [eer [so [ono [ea om | a | | 

een | | ae sr so | an | a [ee ee a | | 

rere Te Ta [rene | ee | ae | [ee | ! | 

owns [ow [ws [eae loo] = | Ta | | | mrs fear [ree fra [re [a [ee | 
ers |S [Svs fm [a | | | | 

separ er [se [ar ara |e | 7 

owen | wae [oe [fee | | | 
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The forward flows (Q) before the system was installed and during study 

period D were 371 Ipd (98.4 gpd) and 347 Ipd (91.7 gpd), respectively. The | 

hydraulic residence times (HRT) in the septic tank before the installation of the RSF 

and study period D were 10.2 and 10.9 days, respectively. 

The concentrations observed in the septic tank during study period D were 

less than those observed before the system was installed. The concentrations may 

have been lower due to less loading from the household, as evidenced by the lower 

Q observed during study period D. Another possibility is that the HRT of 10.9 days 

may have not been long enough to reestablish household conditions in the septic 

tank, as only 12 days elapsed and concentrations in the septic tank may still have 

| been diluted by recycled treated effluent. | 

| Study Period R 

| During study period R (March 4 to 10, 1995) the electrical relay to the pump 

| in the sand filter failed. The relay failure caused the pump in the sand filter to 

| recirculate effluent continuously through the system. The relay failure may have 

been caused by the presence of water in the box that houses the electrical 

components for pump operation. Melting snow contributed water which infiltrated 

through a broken rubber seal on the access panel of the box. The exact date of the 

relay failure could not be determined, and it is unknown how long this condition 

existed between March 3 and 8. Therefore, the amount of flow being recirculated 

through the system was unknown and a mass balance could not be produced. The 

system was shut off on March 8, 1995 until a new 240-volt/12 amp solid state 
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relay was installed on March 10, 1995. | 

The loading to and removal of nitrogen within the system during study period | 

R is unknown. However, inspection of chemical data collected on March 8, 1995 

shows the results of the excessive loading of aerobic RSF effluent to the septic 

tank. Nitrate-N levels in the septic tank increased to 16.4 mg/l, indicating 

| incomplete denitrification (Table 4.21). Approximately 25% denitrification of the 

22.1 mg/l of nitrate-N Pumped from the RSF to the septic tank occurred, indicating 

that it is important not to over circulate RSF water to the septic tank. 

Table 4.21 Concentrations of chemical species in the Septic Tank and Sand Filter before, | during, and after the system failure of Study period R (All values mg/l). 7 

| Study | Sample 

1 Period | _Date__| __NOs-NOz-N_ | NHeN| TKN | TN Chloride | | 3/1/95 <0.2 31.0 32 32.1 43 Septic Tank | 3/8/95 — 16.4 9.9 11.6 28.0 41 
; 3/15/95 1.8 17.8 29.9 31.7 36 | 

| 3/1/95 19.7 1.5 1.8 | 21.5 37 Sand Filter | 3/8/95 22.1 4.25 | 4.76 | 26.9 41 
| 3/15/95 16.6 2.52 | 4.2 20.8 40 
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4.18 Groundwater Impacts 

The groundwater quality at Site #1 has been monitored between 1988 and 

| | 1995 in three different studies conducted through the University of Wisconsin- 

Stevens Point. The first study conducted by Shaw et al. (1993), investigated 

septic system and lawn chemical impacts at Site #1 (referred to as Site REE) from 

1988 to 1991 as part of a study designed to determine subdivision impacts on 

| groundwater quality. With homeowner cooperation Site #1 was selected for the 

- denitrification studies because the plume from the soil absorption system was well 

identified. 

This section describes the changes in groundwater quality resulting from the 

installation of the RSF system through June 1995. The figures include a separation 

indicating conditions before the installation of the RSF (BEFORE RSF) and conditions 

after the installation of the RSF (AFTER RSF). 

4.181 Installation of Monitoring Wells 

. The following is a description of the installation of the monitoring wells at 

Site #1. From 1988 to 1995, 37 wells were installed to allow sampling from 

various locations in the aquifer (Figure 3.17 and 4.27). Of these 37 wells, four 

were single depth skimming (REE UG, REE DG, REC V, and REC V2), two were well 

nests screened at 3 depths (REW S-D, and REC S-D), and five were multiport wells 

with five to seven ports each (RSDS A-E). The elevations and screened intervals of 

these wells are included in Table 4.22. 
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Table 4.22 Elevations of the monitoring wells and screen lengths at Site #1. 

Point Point Elevation | Screen Casing 
Depth . ft MSL Length Elevation 

et Stalled ft MSL 
REE UG Summer, 1988 23.11 1092.69 3 1115.80 
REE DG Summer, 1988 23.12 1092.44 3 1115.56 | 
REW S Summer, 1989 19.35 1096.29 1 1115.64 
REW M Summer, 1989 20.08 | 1094.84 1 1115.64 
REW D Summer, 1989 22.06 1093.58 1 1115.64 
REC S Summer, 1989 19.25 1096.00 1 1115.25 

| REC M Summer, 1989 | 20.56 1094.69 1 1115.25 
REC D Summer, 1989 | 22.06 1093.19 1 1115.25 
REC V Oct. 26, 1993 17.74 1097.34 3 1115.08 
REC V2 Dec. 1, 1994 21.05 1094.55 3 1115.60 
RSDS A Summer, 1990 19 - 23 1092.28 0.83-1] . 1115.28 
RSDS B Summer, 1990 19 - 25 1090.10 0.83 - 1 1115.10 
RSDS C Summer, 1990 19 - 23 1092.12 0.83 - 1 1115.12 

| RSDS D Summer, 1990 19 - 23 1091.89 0.83 - 1 1114.89 
RSDS E Summer, 1990 19 - 23 1091.86 0.83 - 1 1114.86 

Originally one up-gradient well (REE UG) and one down-gradient well (REE 

DG) were installed at Site #1 in the summer of 1988 (VanRyswyk, 1996). 

Fluctuations in the water table elevations and chloride concentrations for wells REE 

UG and REE DG are shown in Figures 4.25 and 4.26, respectively. The average 

background chloride concentration found in the up-gradient well (REE UG) between 

October 4, 1988 and June 29, 1995 was 2.9 mg/l (range <1.0 to 8.0 mg/l). The 

average chloride concentration in the down-gradient well (REE DG) over the same 

time period was 4.1 mg/l (range <1.0 to 9.0 mg/l). In this discussion, any 

monitoring well with a chloride concentration of 10 mg/l or greater is considered to 

be located in the plume originating beneath the soil absorption system. 

The average chloride concentration of 4.1 mg/l in well REE DG indicates that 

oo it is not in the plume; however, this average could be skewed low due to the fact 

_ that REE DG’s screened interval was often more then 1.9 m (6.3 ft) below the 
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Figure 4.25 Watertable fluctuations: wells REE DG and REE UG, 1988-1995. 
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Figure 4.26 Chloride concentrations in wells REE DG and REE UG, 1988-1995. 
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water table, where contaminant concentrations are expected to be highest. To test 

| this hypothesis, chloride data were evaluated for two time periods when the 

| screened interval of REE DG did intersect the water table: October 20 through | 

March 31, 1988 and also between January 5 through March 12; 1990. The 

average chloride concentrations in the up-gradient well (REE UG) for these time 

periods were 5.0 and 3.0 mg/l, respectively. The average chloride concentrations 

in the down-gradient well (REE DG) for these time periods were 5.7 and 7.0 mg/l 

. respectively. This supports the hypothesis that well REE DG is not located in the | 

plume. | - 

Well nests REW and REC were installed down-gradient of the drainfield in the 

summer of 1989 in an effort to better define the plume. The initial investigation 

indicated that well nest REC had chloride concentrations in excess of 10 mg/l and 

was located in the plume while well nest REW was not. It was suggested by | 

| VanRyswyk (1996) that preferential discharge was occurring within the first few 

meters of the drainfield (Figure 4.27). Reneau et al. (1989) reported that this 

| phenomenon is not uncommon in highly permeable soils. In theory, the discharging 

zone of a soil absorption system should progress towards the end of the drainfield 

| as a biological mat develops. | 

A transect of multiport wells (RSDS A-E) was installed in the summer of 

1990 in an attempt to intersect the contaminant plume 38.1 m (125 ft) down- 

gradient of the drainfield (Figure 4.27). Results from these wells offered more 

evidence that discharge from the drainfield was creating a relatively narrow and 
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thin plume. These wells were also used to compare nitrate-N: chloride ratios (N:Cl) 

with occurring in the saturated zone. VanRyswyk (1996) concluded that no 

significant attenuation of nitrogen occurred over the roughly 33.1 m (110 ft) flow 

distance between these wells. Denitrification is not likely to be significant at the 

shallow depths of this highly permeable, unconfined aquifer which is aerobic and 

| lacks a sufficient carbon supply. | 

In order to determine the VOC impacts on groundwater and to sample 

nitrate-N during high water table conditions, two additional wells were installed. | 

Well REC V was installed October 26, 1993 during the high water table levels 

encountered in 1993. The water table stayed within the three foot screened 7 

interval of this well until September, 1994 when water table levels dropped by at | 

feast 0.2 m (0.5 ft). In response to the lowering of the water table well, REC V2 

was installed December 1, 1994. The water table stayed within the three foot 

screened interval of this well through the end of this project (June 29, 1995). 

4.182 Water Table Fluctuations. 

_ The water table at Site #1 fluctuated between 4.1 and 6.1 m (13.6 to 20.0 

ft) below the ground surface at well nest REC. This amounts to approximately 3.2 

to 5.2 m (10.6 to 17.0 ft) of unsaturated soil beneath the soil absorption system. 

; VanRyswyk (1996) and Osesek (unpublished) observed a plume thickness of | 

approximately 1.0 m (3.3 ft) at well nest REC. The water table fluctuated up to 

14 m (4.7 ft) above the top of the shallowest port of well REC between the falls of 

1993 and 1994 (Figure 4.28). When the water table was above the screened 

interval of the weil, the most concentrated portion of the plume was not captured. 
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However, the addition of wells REC V and REC V2 did allow shallow samples to be | 

collected when the water table when levels were above REC S (Figure 4.28). 

in the transect of multiport wells, well RSDS C was the most impacted. The 

water table fluctuations and screened interval of well RSDS C is shown in Figure 

4.29. Since wells REC and RSDS C were both located within the plume they are | 

used to determine any changes in groundwater quality resulting from the enhanced 

effluent treatment provided by the RSF. | 

| 4.183 Nitrate-N Reductions | . 

Well Nest REC (4.6 meters down-gradient) 

. The concentrations of nitrate-N and chlorides observed in wells REC are 

shown in Figures 4.30 and 4.31, respectively. As previously stated, when the | 

water table was above the screened interval of the wells the most concentrated | 

portions of the plume were not captured, making it difficult to compare the 

conditions before and after the installation of the RSF. However, if sample dates of 

similar water table levels within the screened elevations are compared, conclusions 

regarding the changes in groundwater quality resulting from nitrogen removal by the 

RSF system can be made. 

Tables 4.23 and 4.24 show the average nitrogen (TN or nitrate-N) and 

| chloride concentrations in the septic tank, the RSF, well nest REC, and up-gradient 

well REE UG. The groundwater averages were obtained from the sample date(s) 

which had similar water table elevations. Shading in the table indicates that water 

table elevations were within the screened interval of the well. Samples for 

groundwater conditions were collected less frequently than septic tank and RSF 
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Table 4.23 Average Nitrogen Concentration (TN or Nitrate-N) in the septic tank, RSF, well 
nest REC, and well REE UG at Site #1, 1989 to 1995. 

Total N (mg/l) Nitrate-N (mg/l) 
Discharge Well 

Septic REC | REC | REC | REC } REC | REE 

Tank | RSF Ss Vv v2 M D UG 

B | 8/28/89 9/8/89 SS 9.8 ae 
E | 10/26/89 | 11/08/89 7.0 
F | 1/5/90 4/26/90 pea 21.4 Ree 
o| 7/5/90 6/3/91 SES 39.6 | 83 | 0.7 
R | 7/1/91 8/5/91 ie 27.5 | 0.8 | 0.8 
E 9/9/91 4/23/92 | 82.3 Fe 60.o 32.3] 1.0 | 09 

5/20/92 | 7/15/92 | 60.0 [29.8 | 43.|e24 [23 
A | 10/16/92 | 4/6/93 40.5 | 26.1 | 22.5 4.4 1.4 12. 
F 5/26/93 | 33.9 | 17.9 | 20.4 0.4 1.4 | 0.5 

iT 7/7193 30.8 | 16.5] 0.5 1.3. |. 3.4 0.9 : 
E | 9/24/93 | 10/28/93 | 34.8 | 18.6 | 0.1 Rages 0.4 | 2.6 NS 
R 2/18/94 | 30.1 | 18.0] 0.7 ao 0.4 | 0.8 | 1.5 

4/24/94 | 8/24/94 | 34.1 | 31.4] 16.5 hae | 5.0 | 0.4 | 0.8 
R 9/22/94 | 49.9 | 30.7 | 12.0 1.0 0.1 0.6 
S | 11/7/94 | 12/21/94 | 53.0 20 Kags 7.2 0.3 1.2 
F 1/31/95 | 28.0 | 24.1 ra ed 7.3 | 0.5 | 1.1 

3/13/95 | 6/29/95 | 30.1 19 Paes eee) 7 1.1 
Note: Shading indicates average values for water table levels within the screened intervals of the 

well ports, the upper most portion of the contaminant plume. 

Table 4.24 Average Chloride Concentrations in the septic tank, RSF, well nest REC, and 
well REE UG at Site #1, 1989 to 1995. 

Chloride (mg/l) Chloride (mg/l) 
Discharge Well 

Septic REC | REC | REC | REC | REC | REE 
Tank | RSF s Vv v2 M D UG 

B | 8/28/89 9/8/89 ee 45.0 10 4.0 
E | 10/26/89 | 11/08/89 - 36.0 2 1 
F | 1/5/90 | 4/26/90 - AE7) 16.7 (ae 
oO} 7/5/90 6/3/91 S555 30.5] 9.4 | 25 
R | 7/1/91 8/5/91 41.5 25.0] 3.0 | 4.5 
E 9/9/91 4/23/92 | 54.7 aoe 28.8 | 2.2 3.1 

5/20/92 | 7/15/92 | 53.5 30.0 5.5 5.0 6.5 
A | 10/16/92 | 4/6/93 35.7 | 30.9 | 25.6 6.1 2.4 | 3.0 
F 5/26/93 | 30.8 | 31.4 | 17.0 1 2.0 1 
T 7/7193 31.7 | 28.6 1 2 5.0 | 2.0 
E | 9/24/93 | 10/28/93 | 29.7 | 27.3 1 fee 1 2.5 NS 
R 2/18/94 | 28.5 | 32.4] 2 2 1 1 2.0 

' 4/24/94 | 8/24/94 | 38.9 | 36.0 | 33.3 Poa7 8.9 1 1:2 
R 9/22/94 | 52.3 | 31.5 | 14.0 - 1 1 1 
S | 11/7/94 | 12/21/94 | 43.0 | 27.3 Bsa - 11.0 1 1 
F 1/31/95 | 36.2 | 38.0] - - fezee) 13.0 | 1 1 

3/13/95 6/29/95 38.9 | 30.3 - -__ 80S F863 12.3 | 2.3 
Note: Shading indicates average values for water table levels within the screened intervals of the 

well ports, the upper most portion of the contaminant plume. 
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samples; therefore averages for the septic tank and sand filter were made for all the 

sample dates prior to the last date which was used for the groundwater. Both the 

concentrations in the septic tank and sand filter are listed due to the problems 

encountered with effluent bypassing the RSF and the uncertainty in the 

concentrations applied. When bypass is occurring the concentration applied to the 

soil absorption system is likely to be in-between the concentrations observed in the 

septic tank and sand filter. 

7 In the literature the ratios of the chloride concentrations in on-site system 

effluent to the chloride concentrations in the down-gradient wells (CI:CI) have been 

| | used to determine the degree of mixing/dilution that occurs as the effluent enters 

the groundwater and moves to the monitoring wells (Shaw and Turyk, 1992). Also 

reported in the literature is the ratio of TN concentrations in the on-site system 

effluent to the nitrate-N concentrations observed in the down-gradient wells (TN:N). 

Comparison of the Cl:Cl and TN:N ratios can indicate if nitrogen and chloride | 

respond in a similar fashion. Differences in the ratios could be attributed to nitrogen 

removal via denitrification in the soil absorption system and/or in the groundwater. 

If the ratios are not appreciably different, it has been concluded that nitrogen and 

chloride respond in a similar fashion. It is widely accepted that chloride is 

conservative, non-reactive in nature; any changes in chloride concentrations are due 

to dilution/mixing only. When it has been determined that nitrogen and chloride 

respond in a similar fashion the ratio of nitrate-N concentrations in monitoring wells 

| to the chloride concentrations in the monitoring wells (N:Cl) have been used to 
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determine any attenuation of nitrogen as it moves through the soil and/or 

groundwater. | 

Prior to the installation of the RSF the TN:Cl and Cl:Cl ratios ranged between 

1.3 and 1.8 over the 4.6 m (16 ft) distance to well nest REC. The effluent 

bypassing the system and water table fluctuations make it difficult to determine the 

amount of dilution/mixing after the installation of the RSF. However, when the 

ratios for dilution/mixing were compared between similar water table elevations as 

| those seen before the installation of the RSF, no appreciable difference was found. 

Since it appears that nitrogen and chloride responded the same when similar water 

table elevations were compared, the N:Cl ratio can be used to compare the changes 

in groundwater quality resulting from the installation of the RSF system. 

Nitrogen:Chloride (N:Cl) ratios were determined for the average | 

concentrations in the septic tank, the RSF, well nest REC, and up-gradient well REE 

UG (Table 4.25). A reduction in the N:Cl ratio between the conditions observed 

| before and after the installation of the RSF are due to denitrification by the RSF 

system. The ratios averaged 1.5 before and 0.7 after the installation of the RSF. 

When the shaded values are compared to the discharging unit (septic tank or RSF) 

it appears that no appreciable changes in nitrogen occurred between the RSF and 

monitoring wells during most of the sampling periods. TN removal for all the study 

periods used to determine effluent treatment by the RSF system was 65.3%. The 

average N:Cl ratios in well nest REC, which represents only sampling periods when 

the water table was within the screened interval of the monitoring wells, indicate a | 
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Table 4.25 Average Nitrogen:Chloride (TN or N:Cl) ratios for the septic tank, RSF, well 

nest REC and well REE UG at Site #1. 

Discharge *° Well 7° 
WT ft 

above 
Septic REC | REC | REC REC | REC REE | 1096 
Tank RSF s Vv v2 M D UG fs 

B | 8/28/89 | 9/8/89 0.8 | 1.0 0.18 
E | 10/26/89 | 11/08/89 ra 0.7 | 3.5 -0.24 
F 1/5/90 4/26/90 ere) 1.3 eGees -0.67 
o | 7/5/90 6/3/91 po 1.3 | 0.9 | 0.3 | 0.61 
R]}| 7/1/91 | 8/5/91 at 1.1 | 0.3 | 0.2 | 1.32 
E 9/9/91 4/23/92 1.5 ere | 1.1 0.5 0.3 | 0.53 

5/20/92 | 7/15/92 | 1.1 [1.0 | 0.8 | 05 | 04 | 1.7 
A | 10/16/92 4/6/93 1.1 0.8 0.9 - 0.7 0.6 0.4 1.55 
F 5/26/93 1 0.6 1.2 - 0.4 0.7 0.5 3.33 
© 7/7193 1.0 0.6 0.5 - 0.7 0.7. 0.5 5.66 
E 9/24/93 10/28/93 1.2 0.7 0.1 ao - 0.4 1.0 NS 4.62 
R 2/18/94 | 1.1 0.6 | 04 fos) - 0.4 | 08 | 08 | 2.36 

4/24/94 | 8/24/94 | 0.9 | 0.9 | 05 Fee - 0.6 | 0.4 | 0.7 | 1.78 
R 9/22/94 1.0 1.0 0.9 - 1.0 0.1 0.6 1.21 
s | 11/7/94 | 12/21/94] 1.2 0.7 eee - 0.7 | 0.3 1.2 | 0.53 
F 1/31/95 | 0.8 | 0.6 - oe 0.6 | 0.5 | 1.1 | -0.01 

3/13/95 | 6/29/95 | 0.8 | 0.6 it [66 ese) o6 _|.0.5 | 0.39 
Note: Shading indicates averages values for water table levels within the screened intervals of the well 

ports. 
- Indicates no sample available (Well not yet installed or insufficient volume in well) 

1 Average values for the groundwater samples based on date(s) on which samples were collected. 

2 Average values for the septic tank and sand filter are based on the all the sample dates prior to the 

last date on which the groundwater sample(s) were collected. 

* Average height of the water table above 1096 ft MSL (the point elevation of REC S). Values between 
0.01 and 1 are within the screened interval of REC S. 

a_ Total Nitrogen:Chloride 
b__Nitrate-N:Chloride 
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53% reduction of nitrate-N. It would be expected that the reduction seen in the 

groundwater would have been greater if bypass had not occurred. 

An increase in the N:Cl ratio is apparent for well REC V for the sample dates 

between April 24 and August 24, 1994. The ratio seen in the monitoring well is 

greater than the ratio seen in the septic tank or RSF. This can be attributed to the 

release of nitrogen from storage in the soil absorption system as the BODs loading . 

was decreased by secondary treatment in the RSF. Unfortunately, the study design 

did not include detailed monitoring of the of the conditions within and immediately 

| beneath the soil absorption system. This, combined with the elevated water table 

. levels and bypass of the system, make it impossible to quantify any release of 

nitrogen which may have occurred when the plume was not captured by the - 

Monitoring wells. 

Despite the nitrogen removal which was achieved by the RSF system, 

nitrate-N concentrations at 4.6 m (16 ft) down-gradient of the drainfiled still exceed 

the drinking water standard of 10 mg/l. TN concentrations applied to the drainfield 

by the discharging unit (septic tank or RSF) were not below 10 mg/I due to the 

relatively high household concentrations entering the system reflecting the 

conservative water usage by the residents. However, if bypass of the RSF had not 

occurred, these concentrations would have been considerably lower. 

Multiport Wells RSDS (38.1 meters Down-gradient) 

From 1990 to 1991 samples were collected monthly from wells RSDS (A-E) 

by VanRyswyk (1996). From 1992 to the fall of 1993 the frequency of sample 

collection was reduced to approximately once every two months by Osesek 
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(unpublished). This project reduced the frequency of sample collection even further 

to once every six months. This resulted in insufficient data collected after the 

installation of the RSF to draw any significant conclusions regarding its effect on 

| down-gradient groundwater quality. 

The water table fluctuations in the down-gradient multiport wells RSDS 

(Figure 4.29) obscure any changes in groundwater quality that resulted from the 

installation of the RSF system at Site #1. In 1993 the water table rose 

approximately 1.2 m (4 ft) above the screened elevation of the shallowest well port 

of all wells in transect RSDS (A-E). Following a peak in 1993, the water table 

continued to drop through 1994 and stabilized in the summer of 1995. | 

The average hydraulic gradient between wells REC and RSDS C was 2.26 x 

10°. The gradient varied with the water table fluctuations between July, 1990 and 

June 1995, decreasing from 2.91 x 10° to 1.09 x10°. Assuming an effective 

porosity (ne) of 0.30 and a hydraulic conductivity (K) of 0.05 cm/sec (142 ft/day) 

the estimated average linear velocity (v) is 0.32 m/day (1.1 ft/day). The estimated 

travel time for the 33.5 m (110 ft) distance is 103 days (range 80 to 214 days), or 

_ 3.4 months (range 2.6 to 7.0 months). In general, the travel time increased from 

1990 to 1995. 

The concentrations of nitrate-N and chlorides observed in the transect of 

multiport wells located 38.1 m (125 ft) down-gradient of the soil absorption system 

both before and after the installation of the RSF system are included in Figures 4.32 | 

and 4.33, respectively. Travel times between well REC and RSDS C were not 

accounted for in determination of the average values. It should be noted 22 sample 
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dates were used to determine the average values for before the installation of the 

RSF: only seven samples dates were used for calculation of the averages for after 

the installation of the RSF. 

Due to the water table fluctuations above the screened intervals of the 

| wells, it is difficult to compare the values seen in well nest REC and multiport well 

RSDS C. In general, the concentrations observed in wells RSDS are less than those 

seen in well REC, due to dispersion and further dilution of the contaminant plume as 

the groundwater moves the additional 33.5 m (110 ft) down-gradient. As seen in | 

Figures 4.32 and 4.33, the concentrations in the plume at 38.1 m down-gradient | 

before the installation of the RSF system were greater than those seen after the 

| | installation of the RSF system; average nitrate-N concentrations were reduced by 

an average of at least 50%. The number of well ports exceeding the 10 mg/I 

nitrate-N standard were reduced from twelve to two. If bypass of the RSF had not 

occurred, it would be expected that no well port would have exceeded the standard 

at this distance. 
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Figure 4.32 Average nitrate-N and chloride concentrations in RSDS multilevel 
wells BEFORE the installation of the RSF. Includes sampling dates 
from June 20, 1990 to August 28, 1992. 
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Figure 4.33 Average nitrate-N and chloride concentrations in RSDS multilevel 
wells AFTER the installation of the RSF. Excludes sampling dates 

: between July 7, 1993, and July 18, 1994. 
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4.184 Phosphate a | 

Figure 4.34 depicts phosphate concentrations in well nest REC located 4.9 

m (16 ft) down-gradient of the drainfield. Phosphate concentrations began to 

increase significantly in 1994 and continued to rise through June, 1995. The 

movement of phosphate though soil is strongly dependent on the number and types 

of adsorption sites available on the soil particles. The continuous loading of 

phosphate to the soil causes the adsorption sites to become saturated and 

| phosphate is allowed to move down-gradient. The hydraulic loading to the soil 

absorption system was approximately 378.5 Ipd (100 gpd) from 1988 through | 

| 1995. The original conventional septic system was installed at Site #1 in the | 

summer of 1982. Since no significant levels of phosphate were detected in well | 

nest REC prior to 1994, it appears that the breakthrough of phosphate at 4.9 m (16 

, ft) occurred after 12 years of system usage. Up-gradient concentrations in well 

REE UG showed no considerable increase in reactive phosphate (Figure 4.35). 

There are three causes for uncertainty in the explanation of phosphate | 

: breakthrough at 4.9 m (16 ft) down-gradient. (1) TP concentrations in.the septic 

tank and sand filter reached respective maximum values of 23.7 mg/l and 11.2 

: mg/l on July 1, 1994. These were the highest values observed between 1991 and 

1995. (2) Groundwater samples were not analyzed for phosphate between the 

summer of 1991 and the summer of 1993. (3) The sample taken in 1993 occurred 

when the water table was 1.4 m (4.6 ft) above the screened interval of REC S. | 

, | | Breakthrough may have already occurred at this time, but the sample is not 
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Figure 4.34 Phosphate concentrations in well nest REC, 1988-1995. 
4.9 meters (16 ft) downgradient of the drainfield. 
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Figure 4.35 Phosphate concentrations in wells REE DG and REE UG, 1988-1995. 
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representative of the plume since the plume thickness at this distance was only 1.0 

m (3.3 ft) below the water table. 

Figure 4.36 depicts reactive phosphate concentrations in multiport well 

| RSDS C located 38.1 m (125 ft) or 33.5 m (110 ft) down-gradient of the drainfield 

or weil nest REC, respectively. A slight increase in reactive phosphate . 

concentrations is apparent. However, these concentrations are still only slightly 

above the quantitation limit of 0.002 mg/I, compared to concentrations above 4 

mg/l observed in well REC V2. It is suspected that the volume of soil between well | 

| nest REC and multiport well RSDS C is adsorbing the reactive phosphate, therefore 

breakthrough at 38.1 m (125 ft) down-gradient of the drainfield has not yet 

occurred. | 

4.185 Volatile Organic Compounds 

Samples were collected from either well REC V or REC V2 on five occasions 

between July, 1993 and June, 1995. Samples collected were representative of | 

water table levels within the screened intervals-of the wells. No VOCs were 

| detected above the limits of quantitation by EPA Method 8021. It appears that the 

soil absorption system or the 3.2 to 5.2m 106 to 17.0 ft) of unsaturated soil 

beneath the soil absorption system were effective at removing any VOCs which 

were not removed by the sand filter. 
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4.2 Study Site #2 

This section describes the results of the two projects involving the design 

and optimization of the RSF system for reducing nitrogen loading to groundwater at 

Site #2. The initial project involving the design and initial monitoring of the RSF 

system was conducted by Osesek and Shaw (unpublished) between September 1, 

1991 and August 31, 1993. Prior to the installation of the RSF investigations at 

Site #2 conducted from.September 1, 1991 to August 12, 1992 involved 

monitoring of the original dosing chamber and groundwater quality characteristics. 

After the installation of the RSF system on August 13, 1992 both the RSF system 

and effluent loading to groundwater were monitored during study periods #1, #2, 

and #3. 

The objective of the project conducted by this author between September 1, 

1993 and June 29, 1995 was to determine the optimal nitrogen removal capability 

of the RSF system. To do this, variations were made in the recirculation rates and 

in the frequency and duration of pumping events. During this project 19 study 

_ periods (A-S) of varying duration were observed. 
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| 4.21 Temperature Variations 

The temperatures observed in Dosing Chamber #1, the pump chamber of the 

sand filter, and Dosing Chamber #2 from 1992 to 1995 are shown in Figure 4.37. 

Temperatures in the pump chamber of the sand filter ranged from 9.5°C (January 

5,1995) to 21.1°C (June 22, 1994). Temperatures in Dosing Chamber #1 ranged 

from 10.7°C (February 13, 1995) to 20.5°C (June 22, 1994). Temperatures in | 

Dosing Chamber #2 ranged from 9.0°C (February 4, 1994).to 18.7°C (July 15, 

1994). The temperatures at this site are greater than those observed at Site #1 

due to the greater water usage and the deeper placement in the ground of the RSF 

and dosing chambers. 

Unlike the previous site, only one set of thermocouple wires was located in 

the RSF, so horizontal variations were not determined. Temperature readings for all 

: depths of the thermocouple wires are shown in Figure 4.38, Again, the deepest 

probe is the warmest in winter, approximately 5°C warmer than the top. 
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Figure 4.37 Temperature readings in dosing chamber #1, the pump chamber of the sand filter 
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4.22 Flow Conditions 

in the design of this system wastewater is applied to the top of the RSF 

from two distributions systems: from Dosing Chamber #1, and from the pump 

chamber of the RSF. If the pump in Dosing Chamber #1 were to malfunction, . 

untreated septic tank effluent could bypass directly to Dosing Chamber #2 through 

the overflow pipe built into the sewage ejector pit. Over the course of monitoring, 

the pump in Dosing Chamber #1 never failed, thus no untreated household effluent 

bypassed the system. : 

When the pump in the pump chamber of the RSF fails to operate, effluent 

flows by gravity into Dosing Chamber #2 via the overflow level built into the RSF. 

From Dosing Chamber #2 effluent is pumped to the mound system for disposal. 

The conditions seen during study period #1 of the initial project represent treatment 

in the RSF for the time period from the installation of the RSF, August 13, 1992 to 

the time the pump was made operational, November 5, 1992. The concentrations 

in Dosing Chamber #1 during study period #1 represent undiluted household 

effluent that was not recirculated from the RSF. A flow schematic for study period 

#1 is included in Figure 4.39. 

After November 5, 1992, when the timer controls were operational, effluent 

from the pump chamber of the RSF was pumped simultaneously to the top of the 

sand filter for nitrification, back to the septic tank for denitrification, and to Dosing 

Chamber #2 from which it was pumped to the mound system for disposal. The flow 

schematic for the scenario during study period #2 is shown in Figure 4.40. 
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Figure 4.39 Flow schematic for study period #1 at Site #2.



1.10 0.50 

t 1.60 O 

3.70 

. NITRIFICATION oo 0.50 _.. 

WN HLR = 95 cmi/day Overflow 

; Recirculating Sand Filter Q 

Septic Tank 

Q 2.10 Dosing 

z House | Q+ 1.10 | Chamber #2 Q 

o Effluent To Mound 
DENITRIFICATION IN dey System 

WW NY 
HRT = 1.1 days Dosing \ \ 

Chamber #1 

Pump . 

Q = 1694 liters/day Waste Water Generated 

HLR - Hydraulic Loading Rate to top of sand filter ((Flow pumped to top of sand filter) / Area of sand filter (6.54 mm). 

HRT - Hydraulic Retention Time in the septic tank ((Liquid Storage Volume (37885 liters)) / Total Flow into Septic Tank). 

Figure 4.40 Flow schematic for study period #2 at Site #2.



4.221 Design Flow Conditions 

Table 4.26 shows the flow rates and programmable timer settings which 

were used to achieve the variations in flow pumped from the pump chamber of the 

RSF: to the sand filter, septic tank, and Dosing Chamber #2 from 1992 to 1995. 

These represent the design settings and not the actual flow conditions achieved. 

| ‘The design flow rate is calculated from the flow rate through the flow control 

‘valves’ (lpm) and the maximum number of minutes/day the pump will operate. The | 

— maximum number of minutes/day is based on the ON interval and 48 cycles/day. | 

This assumes that volume of effluent in the RSF keeps the upper (DELAY interval) 

float up and that the pump runs through two cycles/hour every hour. 

A different design flow rate to Dosing Chamber #2 was used for study 

periods J and K. To more accurately control the amount of effluent being pumped 

to Dosing Chamber #2, an additional pump was placed in the pump chamber in the | 

RSF. This pump operated on a different float and timer control circuit. The pump 

| was set to deliver 14.2 lom (3.75 gpm) for 15 minutes four times daily to Dosing 

| _ Chamber #2. This amounts to a maximum of 852 Ipd (225 gpd) pumped to Dosing 

Chamber #2 during study periods J and K. 

During study period R (May 12 to June 13, 1995) the timer controls for the 

pump in the pump chamber of the RSF were inoperable due to damage caused 

when an electrical relay burned out. The electrical relay had failed once before on 

June, 15 1994 during study period E (May 14 to July 15, 1994) and was replaced 

| two days latter on June 17, 1994. Since only two days elapsed before the pump 

was turned back on, the concentrations in Dosing Chamber #1 did not have time to 
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Table 4.26 Settings of the programmable timers, design flow rates from the pump in the pump chamber of the RSF, and 

actual duration of pump operation for all study periods at Site #2. 

Timer Setting Pump Flow Control Valve Setting Design Flow Rates Pump 

Period (min) | (min/day) | (Liters/min) | (Liters/min) | (Liters/min) | (Liters/day) | (Liters/day) | (Liters/day) | Cycles/day (min/day) 

at | 5s [ 25 [ 240 | o | oOo | oO | oO J oO | oO | Oo | oO | 
#2 | 5 | 25 [| 240 | 11.36 [ 7.57 | 3.79 | 2,725 | 1,817 | 908 | 480 | 240.0 | 
#3 | 5 | 25 | 240 | 1893 [| 11.36 | 473 | 4542 | 2,725 | 1,136 | 480 | 2400 | 

TA | 5 | 28 | 240 | 1893 | 11.36 | 454 | 4542 | 2,726 | 1090 | 48.0 | 240.0 , 
[ep | 8 | 22 | 384 | 1893 | 11.36 | 454 | 7,268 | 4361 | 1744 | 363 | 290.1 
fc | 8 | 22 | 384 | 17.98 | 17.60 | 454 | 6905' | 6759 | 1744 | 309 | 247.0 | 
fo | 5 [ 25 | 240 | 17.98 | 1760 | 681 | 4315 | 4,225 | 1635 | 43.0 | 2148 | 
Te [| 5 [| 25 [ 240 | 17.98 | 22.71 | 662 |° 4315 | 5457 | 1590 | 48.0 | 240.0 
Hf 8 | 2s | aso 26.80 22.7) | 6.44 6.888) Abt} 184 fb 188.2 

on G | 5 [| 25 [| 240 | 2650 | 2271 | O | 6369 | 6451 | O | 480 | 240.0 
- H | 5 | 25 | 240 | 23.47 [| 2650 | oO | 5633 | 6359 | O | 480 | 240.0 

Hf 8 fe eases LoL east Lao 
Ty {[ 5 [ 26 [ 240 | 24.23 | 13.25 | 14.20** | 5814 | 3,180 | 852** | 941.5 | 207.7 
TK {| 5 .{ 25 | 240 | 25.55 | 9.08 | 14.20** | 6132 | 2,180 {| 852** | 42.30 | 217.5 
Pt { 5 [| 25 [| 240 | 26.74 | 908 | oO | 6178 | 2180 | oO | 480 | 240.0 

M [| 5 | 25 | 240 | 25.74 | oO | oO | 6178 | O |  O | 480 | 240.0 
Ae tee ee BO 192.0 

Oo [ 4 [ 26 [ 192 | 25.74 | 9.08 | O | 4942 | 1,744 | O | 480 | 1920 
| 4 | 26 | 192 | 25.74 | 11.36 | oO | 4942 | 2,180 | oO |{ 480 | 1920 | 

| 4 [ 26 | 192 | 18.93 [| 11.36 | 454 | 3,634 | 2180 | 872 | 48.0 | 192.0 
PR {[ of o [| o [| oOo | oOo | Oo | Oo | Oo J Oo | oO | 0 | 
| s | 3 [ 27 [| 144 | 1893 | 13.25 | 4.54 | 2,725 | 1,908 | 654 | 480 | 144.0 | 

** Additional pump in pump chamber of RSF pumping 14.2 Lpm to Dosing Chamber #2 for 15 minutes every six hours.



reestablish household conditions. Nonetheless, the data for June 15, 1994 were } 

omitted from the averages for study period E. | 

The relay failure which occurred on May 12, 1995 caused extensive damage 

to the wiring in the timer control panel. This damage was repaired on June 13, 

1995. Since flow was not pumped from the RSF to the septic tank for 

approximately 30 days, household concentrations were reestablished in Dosing 

Chamber #1. Thus, the data obtained between May 12 and June 13, 1995 is 

treated as a distinct study period, study period R. | | 

| Water Use Variations . 

The household water usage determines effluent levels in the sand filter and 

thus, controls the DELAY interval float which operates the pumping events. When 

the water usage exceeds the maximum design flow pumped from the sand filter to 

Dosing Chamber #2, overflow to Dosing Chamber #2 occurs. When water levels in 

the RSF are at the overflow level the pump runs through the maximum cycles/day. 

When water usage is less than the flow pumped to Dosing Chamber #2, water 

levels in the RSF drop below the DELAY interval float and the pump does not 

operate until water levels in the RSF rise. This results in less than maximum 

cycles/day and actual flows which are lower than design flows. The variability in 

the household water usage at Site #2 can be seen in Figure 4.41. 
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4.222 Actual Flow Conditions | 

The actual flow rates [average flow rates (Ipd)] are determined from the flow 

rates through the flow control ‘valves’ and the average actual pumping time (Table 

4.26). The average flow rates, the hydraulic loading rate (HLR) in cm/day, and the 

hydraulic retention time (HRT) in days are summarized for all the study periods at 

Site #2 in Table 4.27. , , 

| Table 4.28 contains the flow ratios for the average hydraulic conditions at | 

Site #2. The forward flow (Q) through the system is defined as the average 

| household water usage. The sand filter ratio (SFR) at Site #2 is defined as the total 

flow to the top of the RSF to the forward flow (OQ). The total flow to the top of the 

RSF is the sum of the amounts pumped from the pump chamber of the RSF plus the 

amount of recycled to the septic tank and the forward flow (Q) from the house into 

| the septic tank. The septic tank ratio (STR) is the ratio of the amount treated sand 

filter effluent recycled to the septic tank to the forward flow (Q). The discharge 

ratio (DR) is the ratio of the flaw pumped from the RSF to Dosing Chamber #2 to 

the forward flow(Q). The overflow ratio (OFR) is the ratio of effluent exiting the 

“RSF via the built in overflow level to the forward flow (Q). The total amount of 

effluent entering Dosing Chamber #2 is the amount discharged from the pump in 

| the RSF plus the amount overflowing, this equals the forward flow (Q) pumped 

from Dosing Chamber #2 to the mound system. | 

Initially, problems were encountered with pump failures; however, these 

problems were resolved through the redesign of the timer control panel. Grains of 

sand occasionally clogged the orifices of the flow control ‘valves’. Sample 
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| Table 4.27 Average hydraulic conditions for all study periods at Site #2. 

Study Forward Flow | Total Flow to Top of| HLR * Flow to Septic Tank | HRT° Flow to | Overflow to 

Period Start (L/day) Sand Filter (cm/day) | (L/day) (days) DC #2 OC #2 | 

(L/day) | (L/day) (L/day) 

91 | _a/i3v92]_—tvsv92{— aga | 49T 2 
Tw2 | 11/6/92] —sg/s/93]_ = 1,694 S| CS 236] SK IF | 908 S| 786 
r wa | 6/16/93] —sa/31/93{_— 1,604 S| SS —8872——CT 86 | 2728 | 36 | 68 
TA | _9/i93|_—s9/2ava3]— 1370S |S 8688 | 82 T2726 | 1,090 | 280 
Aen esti ieioe eeaae e e 

rc. [| 10/27/93] 12/23/93{ 1,122, | 9910 | 4847 1122 0 
Tp | t22aga] —ssiayoa] aes | 106 | 39 | 8 8T 1463 0 

E | saga  7is4{ 1,826 | 11,892) | 77 | 8451 T1590 | 236 
—i—| tieea|— sat toe [at es 0 

eo | enoalaaareal aso —~| 12670 ~~=«dSC=CitA | ASTC«d| =| | SCi 
TH earea[ervoal 80a ——~—itas98 —=«dY~=Cite_ | CiSSC«dE=Ci S| SC SCd;CSC« 

. [oro ena —enaes ees —“—t Cd tt Cd | CdYCi 
on ry [ grsoyoa]—ttvgoaf, 76S | T2922 76 | 

TK | —iieo4y—asteyos] 98 | 802423 et a 8 
Lt | wigs]  22as] —1,327, | Ss 8B | 48 TBO 1327 

eel aneme[ areas 
TN | . 3/16/98} ~—3/2a/os] = 1389 | CS 881M e889 

oO |  3/2a9s[ ss avevos[ 1,257, | 7948 tte 7 
Pp. | ass] eys/os{ 317 | 848929 tO 87 
of ves] srives| 1,310 ~*~) ~SCstaaSSCdPC~Ct Cd SSC ~C~dYSCi‘S‘) «gS 
PR | s/i29s{ eyiayos] = 1,364 | 864 et 8864 

eee —eneeet aaa ee 

*HLR = Hydraulic Loading Rate to top of RSF (Based on total amount of effluent applied to top 6.54 m? area of RSF). 

>HRT = Hydraulic Residence Time within Septic Tank (Liquid Storage Volume (3,785 L) / Total Flow into Septic Tank). | 
Total Flow into Septic Tank = (Forward Flow + Flow to Septic Tank).



Table 4.28 Flow Ratios for the average hydraulic conditions for all study periods at Site #2. 

me] ee [ee [ues [amis [eee | me [em | ee Period (L/day) Ratio (SFR) | Ratio (STR) | Ratio (DR) | Ratio (OFR) Flow (Q) 

ai | ense2] isa] tar] tO] 
#2 | t16re2]6isyea|iteoa | 37~~| 11 | 08 | 08 | 10 ~~ 
wa | e/teea|_a/avea|_—i1.e0a.—~—=«d|=SCiCd|SCSC*‘aA?~SC*‘i]#!DW’ )—S—=«dS=S=C“‘(cOS | (OO 
aA _ | 9/3] S/a3eal—i.a70~=~*~s=“‘éw ‘SCT OCCT Cd 
ea | sarea]_torzeea|_.a1a.~—~=«sS? Sd STC TCO CdYCiO 
ce | to7e3|_t2asresy 1122 | 68 | 39 | 10 | oo | 10 

[oo [arses srses[ asa Cid Cid] dC CYC CdYSCiC 
[—e[snana|7nsea|teze | 63 | 30 | 09 | 01 | 10 | 
—F_[mereal_syeeattoa2—i«d|=S(‘cC#O.U| 88] U1O. [OO | ~—(«iO , 
[~e|_ ators] ayasreal——iaasaSC~dSCiA dT CdESCtO Cd CitO 
[—H_ | sareal areal soa —=«d| sits | 79 | 00 | 10 | 10 | 

- (orf snea[—srees, ees CPSC CCC dCi dCi 
sy _[ssoa] teats SSCidEC(iBOYCATCOdESO CYC dit 

a  . [x [tees] ines] ese —Si«d|SS | SOTO CYC dCi 
1 ines] 2a2es[a27 Ss 73d] St) | OO Cd] SCO | tO 
(—mM__|_2eaes|_a/se8| i278 =| 68 | oo | 00 | 10 | 10 
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[P| _47798| ess] ita? —S«d| Si d| CY COO CdS | iO : 
a [sees] snves| isto | 64 | 7 | o7 T1.0 | 
i anaes} enams[ tae eee ee ete 
[seas] ees] 74a—=SC«dE=s=Cia?Cd| Ss | SCS Cd 

the Forward Flow (Q). | |



acquisition was also a problem when dosing chamber hatches were frozen. These 

occasions are not included in flow rate and concentration averages used in the 

mass balance calculations (Table 4.29). 

Table 4.29 Dates omitted from the flow rate and concentration averages used in the mass 
balance calculations at Site #2.. 

Study | 

? to 12/30/93 Pump Off an Unknown Number of days 
12/30 to 1/4/93 Pump Off 5 days 

3/13/93 to 3/23/93 Pump Off 9.5 days 
5/10/93 to 5/19/93 | #2 | Pump Off 9.0 days 
7/2/93 to 7/26/93 | #3 | Pump Off 24 days, Redesign of Timer Control Panel 

11/18/93 Dosing Chamber #2 Orifice Clogged | 
| 11/23/93 Dosing Chamber #2 Orifice Clogged 

6/15/94 to 6/17/94 | E | ~~~ Pump Failure, Electrical Relay Replaced —=_| 
11/5/94 | KC Unable to Obtain Sample for DC #2, Hatch Frozen 

4.23 Mass Balance Calculations | 

Mass balances were produced for all 22 study periods at Site #2. Unlike 

Site #1, an additional sample point (Dosing Chamber #2) is available between the 

pump chamber of the RSF and the mound system. This additional sample point 

| allows the loading to the mound system to be determined with more accuracy than 

at the previous site. 

Assumptions 

Mass loadings and removals throughout the system were calculated using 

the chemical data collected [from the pump chamber of the RSF (C1), Dosing 

Chamber #1 (C2), and Dosing Chamber #2 (Cs)] and the flows from the household 

(Qi), the flow recycled back to the septic tank (Q2), and the flow pumped to Dosing 
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Chamber #2 from the RSF (Qe). There are four known values obtained from these 

measurements which become the basis for the mass balance calculations: the mass | 

from the RSF to the septic tank (Mz), the mass from Dosing Chamber #1 to the top 

of the RSF (Ms), the mass from the RSF to Dosing Chamber #2 (Ms), and the mass 

applied from Dosing Chamber #2 to the mound system (Msg). A schematic for the 

mass balance calculations can be found in Figure 4.42. Mass balance calculations 

for the 22 study periods at Site #2 are included in the appendices. 

No samples were available from the point of wastewater entry to the system 

| after the RSF was installed and the pump became operational. Therefore, the 

actual concentrations of chemical species in the household waste was unknown. 

The average concentrations in the original dosing chamber obtained before the 

installation of the system could be used to represent household conditions, but 

these were variable over time because the water usage at the Site #2 was highly 

7 variable over the course of monitoring. The daily water usage at Site #2 between 

1991 and 1995 ranged between 596 Ipd (157 gpd) and 3,090 Ipd (816 gpd). The 

household concentrations were estimated, due to this variability, as follows. 

An assumption was made in order to estimate the concentrations of 

chemical species in the household waste since there was no sample point between 

the household and the septic tank effluent flowing into Dosing Chamber #1. The 

concentrations in the septic tank effluent flowing into Dosing Chamber #1 are a 

combination of household waste and recirculated flow from the sand filter. The 

assumption made was that no transformations or losses of chemicals occur in the 
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Flow Volume Mass 

1 From House (M 1) Qi M3-M2" 

2 From RSF to Septic Tank (M2) Qa2 Q2xCi 

3. Septic Tank Outflow (M s) Qi+Q2 (Q1 + Q2)xC2 

4 Total to Septic Tank (M 4) Q:+Q2 Mi+Ma2 

5 Removed in Septic Tank (M s) 0 Ma-Ms3 . 

Measured Concentrations Measured Flows 2 oo ial aya ie a Oc ee “Cy 

C1 Sand Filter Q 1 Household Water Use gs Total to DC #2 (Me) a1 Me+M> 
C2 Septic Tank Q2 Recycle to Septic Tank 9 DC #2 to Mound(M ) | QO; QixCa 

Cs Dosing Chamber #2 Qe Pumped to DC #2 10 Removed in DC #2 (M 10) 0 Me-Me 

11 Removed in RSF (M11) 0 Ms3-(Me+ M2) 

Figure 4.42 Schematic for the mass balance calculations at Site #2.



household waste as it passes through the septic tank. Therefore, the mass of : 

chemical coming out of the house is equal to the mass in the septic tank effluent . 

applied to the RSF from Dosing Chamber #1 less the mass pumped to the septic 

tank from the sand filter. | 

| A further assumption was made for TN. Household waste is primarily NHs*- | : 

N and organic-N; there is no nitrate-N in household waste because anaerobic . 

conditions exist and none was detected in the samples collected from the original 

dosing chamber before the installation of the system. Total kjeldah! nitrogen (TKN) 

~ consists of NH«*-N and organic-N; therefore, the TN in the household waste is the 

| mass of TKN in the septic tank effluent applied to the RSF less the mass of TKN in 

the septic tank effluent from the sand filter. 

The use of these assumptions in the mass balance calculations indicates that 

the removal of chemical mass, with the exception of TN, occurs only in the sand 

filter. Accordingly, no chemicals are removed in the septic tank except TN as 

nitrate-N through denitrification since it was assumed that no nitrate-N exists in 

household waste. The implication that chemical mass is not removed in the septic 

tank may be a limitation in the interpretation of these results based on. mass and 

percent removal but not for TN removal, which was the primary focus of this study. 

A sample point did not exist which would allow the concentrations 

overflowing to Dosing Chamber #2 via the built in overflow to be determined. As a 

result, the concentrations in the overflow to Dosing Chamber #2 were assumed to | 

be the same as the concentrations observed in the pump chamber. However, as 

seen at the previous site, concentrations were not uniform within the sand filter and 
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| it is unlikely that the concentrations in the over flow to Dosing Chamber #2 were 

the same as those seen in the pump chamber of the RSF. This causes the mass 

balances to predict an unrealistic mass increase in Dosing Chamber #2 during some 

study periods, when the concentrations measured in Dosing Chamber #2 are 

| greater than those in the RSF. However, TN removal in Dosing Chamber #2 by 

denitrification is likely to be minimal as the effluent in Dosing Chamber #2 is 

characteristically aerobic and depleted in available carbon. | 

Despite the apparent discrepancies in Dosing Chamber #2 during some study 

periods, the mass balances still provide a good estimate of the loading ‘to | 

groundwater. The mass discharged from the system is a known value based on 

concentrations measured in Dosing Chamber #2 and the average flow rate applied 

to the mound system. The mass removed by the system ts the difference between 

the estimated mass from the household (M1) and the mass discharged (Ms]. Since 

the concentrations in Dosing Chamber #2 are the actual concentrations being 

applied to the mound system, the mass balances at Site #2 provide a better 

estimate of the mass removed by the system than do the mass balances at Site #1. 
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4.24 BODs, COD, and Total Phosphorous 

The concentrations of BODs, COD, and total phosphorous (TP) in Dosing 

Chamber #1, the pump chamber of the RSF, and Dosing Chamber #2 from 1991 to 

1995 at Site #2 are included in Figures 4.43 to 4.45. These data were collected for 

20 of the 22 study periods used to evaluate the various levels of treatment 

achieved at this site. Samples were not available for study periods N and H. 

Table 4.30 shows BODs removal for the RSF system at Site #2. The 

_-- @Stimated mass of BODs from the house was calculated using the mass balance 

assumptions. Using these assumptions, 123 to 485 grams/day (0.272 to 1.069 

Ibs/day) of BODs were generated in the household. BODs removal ranged from 

| 79.3% to 98.9% for the various flow conditions used. | 

The estimated average concentration of BODs in the household waste was 

198.6 mg/l (range 118 to 276 mg/l). The BODs measured in the original dosing 

chamber before the system was installed averaged 174.7 mg/l (range 68 to 292). 

The average concentration of BODs in Dosing Chamber #1 after system became 

operational was 83.8 mg/I (range 28 to 245 mg/l). The average concentration of 

BODs in the RSF was 11.6 mg/l (2 to 43 mg/l). The average concentration of BODs 

applied to mound system from Dosing Chamber #2 was 9.0 mg/I (range 2 to 44 

mg/l). _ 
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Table 4.30 BODs removal by the RSF system for all study periods at Site #2. 

| Removal in Dosing 
Study Mass From | Removal in | Removal in Dosing Chamber #2} System Percent | Period Start House Septic Tank | Sand Filter | Chamber #2 | to Mound Removal Removed 

(grams/day) (grams/day) | (grams/day) (grams/day) (grams/day) | (grams/day) 

1 | snae2 | rvsiez | 1086 [00 | 1443 | 209 | 234 | 102 | ere : #2 | iiveie2 | 6/ise3 [245.0 [00 [231.3 [a dS YP #3 | 6/16/93 | e/31e3 | 274.87 [0.0 [268.4 | 02 | 6.3 | 268.6] 977 __A_| 9/93 [9/23/93 [213.1 [0.0 [208.4 | 7 | 4.0 | 209.1 | 98 1 8 | 9/24/93 | 10/26/03 [279.0 [0.0 [2726 ~| 3.4. +| 3.0 | 276.0] 98.9 | 10/27/93 12/23/93 [247.0 [0.0 [236.8 | Sn dS *dYSCOin 8 3 | oO _|i2i2aieat 6/133 [343.7 [0.0 329.3 «| a «id Si —«d Sg. 87 _£__| siiaiea | 715/93 [484.9 [0.0 [469.4 [10.0 | 5.8 | 479.4] 98.9 HF | meres | ayee3 [127.9 [0.0 12nd 6 808 GS | aovea [9/23/03 | 128.7 0.02.2 dS «dt Bo ~ HH | e/2area [ onnioa [NS TNS [NS oT SONS | NS] NS] NS o a 
J | 9/30/94 [11794 [1233 Cd SSCdT:SCitdA 

| K | iverea | itevoa [192.4 [0.0 | a3.3 [42 dS «dt | | i995 | 2/2295 [305.4 [0.0 [299.1 | 10.2 ~-+| 16.8 | 288.9] 94.8 __M__| 2/23/06 | a/is95 [313.4 [0.0 [289.4 | 8.3 «dS *dY~Sis04 97 | _N | 3/16/95 | 3/2395 [NS [NS [NS S| SONS | NS” sONS. NS : 9 | 3/2495 | 46/95 | 218.8 [0.0 eat [82 «| 2 + 06.2 da LP | aig {5/8/95 [225.8 [0.0 [2228 =| dS data oa a | sees | siiios | 2629 [00 [2478 [4a —~«d| Sia *dY~Sia | R | 6/12/96 | 6/13/95 [293.30 | 0.0 [235.3 [| a7 | 60.7 *4| 2926 | 79.3 __S__| e/iaios [6/28/95 | 201.8 [oo Ti9.3 46 CdS ~~ te. 
(-) Indicates an increase in dosing chamber #2 relative to the sand filter due to higher concentrations being detected in dosing chamber #2



Table 4.31 shows COD removal for the RSF system at Site #2. The 

estimated mass of COD from the house was calculated from the mass balance 

calculations. Approximately 253 to 931 grams/day (0.558 to 2.053 Ibs/day) of 

COD were generated in the household. COD removals ranged from 59.7% to 

95.7% for the various flow conditions used. 

| The estimated average concentration of COD in the household waste was 

413.5 mg/l (range 194 to 830 mg/l). The average COD concentration measured in | 

| the original dosing chamber before the system was installed was 348.6 mg/l (range 

| 98 to 745 mg/l). The average concentration measured in Dosing Chamber #1 after 

the system became operational was 174.7 mg/l (range 66 to 444 mg/l). The 

: | average concentration in the RSF was 44.4 mg/l (range 22 to 116 mg/l). The 

| average concentration of COD applied to the mound system from Dosing Chamber 

#2 was 43.4 mg/l (range 20 to 104 mg/l). 

Table 4.32 shows TP removal for the RSF system at Site #2. The estimated 

mass of TP was calculated from the mass balance calculations. Approximately 

2.90 to 9.00 grams/day (0.006 to 0.020 Ibs/day) of TP were generated in the . 

. household. TP removal ranged from 17.5 to 70.1% for the various flow conditions 

used. It should be noted that the results for study period R are misleading because 

the TP concentrations in Dosing Chamber #1 (4.47 mg/l) were less than those seen 

in the sand filter (6.68 mg/l) or Dosing Chamber #2 (6.37 mg/l). Thus, the 

concentrations seen during study period R are not used in determining the 

concentration averages and ranges. 
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Table 4.31 COD removal by the RSF system for all study periods at Site #2. 

Removal in Dosing 
Study Mass From | Removal in | Removal in Dosing Chamber #2} System Percent 
Period Start House Septic Tank | Sand Filter | Chamber #2 | to Mound |. Removal Removed 

(grams/day) (grams/day) (grams/day) (grams/day) (grams/day) | (grams/day) 

| | ense2z| ivs92_ | 5204 | 00 | 3484 | 295 | 1424 | 3780 | 726 | 
| #2 | 11/6/92 | 6/15/93 | 4096 | 00 | 3510 | O58 | 581 | 3515 | 658 
| #3 | 6/16/93 | 8/31/93 | 6945 | 00 | 6459 | 90 | 396 | 6549 | 943 
| A | 9/1/93 | 9/23/93 | 615.4 | 00 | 4816 | 15 £| 323 | 48317 | 937 | ~~ 
|B | 9/24/93 | 10/26/93 | 468.0 | 00 | 4393 [ -40 | 326 | 435.3 | 930 | 

| | ¢ | 10/27/93|_ 12/23/93 | 930.8 | 0.0 | 905.7 | -261 | 61.3 #4x| 8795 | 945 
| oO  |12/24/93| 5/13/93, | 663.0 | 00 | 6146 | 17.7 | 307 #+| 6323 | 295.4 | 
| E | 6/14/94 | 7/15/93 | 355.0 | 00 | 2940 | 239 #| 37.1 | 3179 | 896 | ) 
| oF | 76/94 | 8/9/93, | 279.8 | | 228 TCT SST «S84 
S| Sores |_si2sies_|_262.7 _{_0.0__} 27.2 | 0.0 {26.8 [227.2 [39.9 

> H__| 8/24/94 | osiiaa_ | UNS | NST NS SCT CONS S| SS SOUNS~SOd[~SOUNS~S<d[.SCONSC” 
@ | i | 9/294 | 9/29/94 | 302.1 | 0282.2 TCT Sf SC80.s dC 

| J | 9/30/94 |_ 11/7/94 | 615.9 | 00 | 4897 | 39 &£x,| 223 | 4936 | 957 | 
| Kf 11e/o4 | 118/94 | 68.8 | OO | 52800 —Cd| SS] ~SCid|~S si SOdTStCi«i 
| it | 1/19/95 | 2/22/96 =| 439.3 | 0. | 407.9 =| -226 ~~] S40 ~S|~Si885.3 «|S 
| M__| 2/23/95 | 3/18/95 | 667.4 | = =000 | 493.7) =| | S803 ~S | S487.2) «|S CSd 
| N | 3/16/95 |_ 3/23/95 | NS | NS | NS | NS | NS | NS | NS 
| O _| 3/2495 | 4esos_ | 367.6 =| T2995) =~] 18.2 )~—C| S29 S| 4 |S 
| P| 479s | 6/5/95 | 3895 | OT 8375) =| 23.3 S| S783 ~~] S841] 8S 
| Oo | 8/6/95 | 6/1195 | 530.3) | 00 =| 4736 | 50S? SCT S686) SC 
| R | 8/12/95 | 6/13/95 | 363.3) | 00 6] 1948 | 16.2 ~~] 1423 |) 2i1.0~C«dTtiTC*” 
| S| 6/14/95 | 6/28/95 | 319.4 | 0293.9) | ST S28 SCT S939 ~Cd|~SCt20S 

(-) Indicates an increase.in dosing chamber #2 relative to the sand filter due to higher concentrations being detected in dosing chamber #2



Table 4.32 Total Phosphorous removal by the RSF system for all study periods at Site #2. 

Removal in Dosing 
Study Mass From | Removal in | Removal in Dosing Chamber #2| System Percent 
Period Start House Septic Tank | Sand Filter | Chamber #2 | to Mound’ | Removal Removed 

(grams/day) (grams/day) (grams/day) (grams/day) (grams/day) | (grams/day) 

| #1 | ense2 | inse2 | 5.96 | 00 | o60 | 045 | 492 | 1.04 | 178 
| #2 | 11/6/92 | 6/18/93 | 3.91 | Ts OT O2 ~SOdYSia24 | Sit? «dO 
| _ #3 | 6/16/93 | _ 8/31/93 | 9.00 | 00 | 563 | 032 | 3.05 | 5.95 | 661 
| A | 9/1/93 | 9/23/93 | 6.88 | |? TA OTB CO|~S80O CdS 
|B | 9/24/93 | 10/26/93 | 5.11 | 8 SSC 20ST Sd . 
| ¢ {10/27/93 12/23/93 | 6.67 [| 00 | 361 | -007, | 313 | 354 | 5631. | 
| Oo 12/24/93| 6/13/93 | 6.12) | T2028] SSO] SCd|S 
| E | 6/14/94 | 7/15/93 | 7.12) | Te? CT SCOTCCB CTSCO23 |S” 

: | oF | 716o4 | a/g93 | 6.36 | | 84 TACT SCT S838 Sd] SCO 
| G | s/io/oa | 8/23/93 | 4.47 | 2 TOS | 23ST S284 STi 

3 | H | g2ao4 | orto | NS O[ CNS NST CONS SSOd|SOCNS”~SOd[| ~SOUNS.~S| SONS 
© 1 | 9294 | g2g9a [| 290 | 00 6 4 8 SCR SOT~St22 S| SCS 

| J | 93/04 | i794 | 3.15 oT 8 Too STS SCOdTSC6 CTS CS 
| Kf 1ieo4 | iig94 [| 3.93 [ 00 =6T 207 Toe SST iTSCO|~SC2 STS 
Jt | i998 | 2/22/98 |. 4.94 | TA 8e ~~ 88S S| So dS CSC; 
| M_.{ 2/23/98 | 3/16/95 | 6.42) [| 00 =| 4.75 [038 ~~] SOT S| S41 STS Cs 
JN | 3/16/95 | 3/23/95 | NS [| NS [| NS | ons | NS | NS | nS | 
| Oo | 3/2495 | avey9s8 | 6.13 | 20 CTS CTC SC«dYTC (isi 
tarts _{_s/siss_{_s.§8__{_0.0__| oa _fo.ig_ [4.60 [1.08 [19.3 

| 6/6/95 | 5/1195 {| 6.91 | 00 | 248 | 009 | 3.34 | 257 | 435 
| OR | 6/12/95 | 6/13/95 =| 6.10 S| 38.07 TTS SCOTS dT Sa 

| |S | 6495 | 6/2e95 | 3.98 | of 9 ToT 9 ~~ S279 ST 01S” 
(-) Indicates an increase in dosing chamber #2 relative to the sand filter due to higher concentrations being detected in dosing chamber #2 . 

Also indicates an increase in the sand filter relative to dosing chamber #1 due to higher concentrations being detected in the sand filter. 

NS No Sample Available



| The average TP concentration estimated in the household waste was 4.6 

mg/l (range 2.3 to 5.9 mg/l). The average TP concentration in the original dosing 

chamber before the system was installed was 5.6 mg/l (range 2.8 to 8.7 mg/l). 

The average TP concentration in Dosing Chamber #1 after the system became 

operational was 3.3 mg/l (range 2.2 to 5.0 mg/l). The average TP concentration in 

the RSF was 2.7 mg/l (range 1.6 to 3.9 mg/l). The average concentration of TP 

applied to the mound system from Dosing Chamber #2 was 2.6 mg/l (range 1.5 to : 

3.9 mg/l). 

| As noted previously in the discussion for Site #1, the variability of TP Oo 

loading to the system from the household, the different hydraulic loading rates 

used, and the different pHs observed make it impossible to determine whether 

adsorption or precipitation of phosphate control TP removal within the sand filter at 

Site #2. 

4.25 Nitrogen | 

4.251 Nitrification 

Chemical results from sample data collected on July 4, 1994 from: the | 

lysimeter in the unsaturated sand layer of the RSF, the monitoring well screening | 

the saturated rock storage unit of the RSF, the pump chamber of the RSF, Dosing 

Chamber #1, and Dosing Chamber #2 are shown in Table 4.33. Results for this 

| sample date indicate that the concentrations of chemical species are not uniform 

, within the sand filter. The lysimeter showed 6.8 mg/l of nitrate-N produced in the 

top sand layer of the RSF, while the monitoring well and pump chambers showed 
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concentrations of 3.8 mg/l and 3.6 mg/l, respectively. The decrease in 

concentrations between the unsaturated and saturated bottom portions of the RSF 

imply denitrification in the saturated rock storage layer. Therefore, it is not possible 

to estimate the nitrate-N produced in the RSF using the concentrations measured in 

the pump chamber of the RSF. | 

| Table 4.33 Concentrations of water quality characteristics in the sand filter lysimeter, 

monitoring well, pump chamber, in Dosing Chamber #1, and Dosing Chamber #2 at Site #2 

as measured on July 1, 1994. | 

| Nitrate-N | NHe*-N | TKN | BODs 

___Location tema /l_—|_ emg/_ | smg/l_|_mg/l_| Std Units _ 
RSF lysimeter | 6.9 | <0.01 | 08 | - | - 

RSF Well ; 38 | 42 | 45 | 358 | 7.36 | 
RSF Pump Chamber | 3.6 | 1.67 | 37 | 90 | 698 
Dosing Chamber #1 [04 | 510 | 93 | 120 | 685 
Dosing Chamber #2_| 3.0 | 1.95 | 33 | 30 | 7.25 

Table 4.34 shows the theoretical conversion of NH4*-N to nitrate-N in the 

| RSF. The conversion of NH«a*-N is estimated from the influent household 

concentrations and the NH«*-N concentrations measured in the pump chamber of 

the RSF. Approximately 8.8 to 61.9 mg/l of nitrate-N were produced in the sand 

: . filter, a theoretical conversion of 42 to 98%, with HLRs ranging from 21 to 196 

cm/day. NH«4*-N removal by volatilization is not likely to be significant at the near 

neutral pH values seen in the sand filter (6.33 to 7.89 Std. Units) at Site #2, 

despite the high degree of air to water contact provided by pumping effluent to the 

top of the sand filter. Therefore, the reduction in NH4*-N is due predominantly to 

nitrification in the RSF. Concentrations in the pump chamber are lower than the 
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Table 4.34 Theoretical changes in NH4*-N and Nitrate-N concentrations in the RSF for the study periods used in the determination of 
effluent treatment by the RSF system at Site #2. 

| Estimated in Average Measured In RSF Theoretical 
Household Waste 

Sand | Percent Percent 
Filter Conversion Nitrate-N Denitrification 

Period HLR Ratio TKN NHs*-N | TKN |.NH«*-N | Nitrate-N NH.*-N * Produced Nitrate-N 

p #1 | 23) | 10 | 287 | 221 | 189 | 129 | os [| 92 #+| 42. ~+~| 95 
| #2 | 95 | 37 | 274 | 183 | 63 | 48 [ 47 [135 | 74  +~| 65. 
| #3 | 136. | 6.5 | 454 | 266 [| 49 | 39 [67 | 227 | 85 | 75. 
J A | 132, =| 63 | 423 | 289 | 25 [ 20 | 69 | 269 #+=+| #2493 | 74. 
_ 8B | 164 | 77 | 449 | 287 | 19 [11 [88 [276 ~~ tit SSCOdSt(‘“‘iéaBSOC*S 
pc | 162 | 88 | 402 [| 99 | 17 [ 11 [ 40 [38 [| 69 |. 6a 
J Oo | 6139 Of 6.2 | 335 | 183 | 27 | 15 [48 [169 =| 92 +~| 72 | ~~. 

+ ~[ _& | 177 | 63 | 181 | 13.7 [42 | 33 [29  [io4 [ 76 | 72. 
S [LF | 143) | 86 | 383 | 289 | 61 [| 44 [| 33 [| 244 | 95 | 87.1 

 G | 194 | 14.7 | 291 | 1930 | 19 [ 09 [14 [184 [ 95 | 93. : JH | 196 | 15.9 | 328 | 308 [| 16 [| of [ 15 [ 303 | 98 | 95 
pot ft 4a 4 | 44 ans | 27 [ 10 [347 [408  [ 98 | 921 
J J {| 129) 21 1265 | 64.7 | 347 | 69 | 38 | 31 7 309 | #69 #2x| 90 
JK | 123) | 114.6 | 92.1 | 689 [ 7.7 | 70 | 69 | 619 =| 90 | 90.4 
pot | 148 | 7.3 | 43.4 | 374 | 72 1 38 [ 69 | 336 =| 90 #2+| 83 

M | 114 | 58 | 404 | 331 | 79 [ 70 | 85 | 261 #+=<(| 79 | 67... ASS oe Sea pea ep er 
| Oo | 121 ~+| 63 | 328 | 270 [| 73 [ 50 | 50 | 220 #|  &+292 | 77 
p23 [6a 98.8 [261 as | 0] 
| a | 109 St 64 | 406 | 6269 | 62 | 43° [ 66 | 226 #2+|  &2+84 | 76 
po oR | 21 [| 10 | 321 [ 267 | 155 [ 125 [ o6 [| 143 | 53. 96 
VS | 82 dt 7.2 | 64.2 [434 [49 [23 [ 80 | 412 | 95 80



y 
2 

concentrations produced, implying 54 to 96% denitrification in the saturated rock 

Storage unit of the RSF. 

| Figures 4.46 and 4.47 show the relationship of the hydraulic loading rate 

(HLR) and sand filter ratio (SFR) to the theoretical conversion of NH«*-N in the RSF. 

| In general, a greater percentage is converted at higher hydraulic loading rates and 

sand filter ratios. Variations in temperature and/or alkalinity may account for the 

variations in NHs*-N conversion at similar recirculation rates. 

| The reported minimum temperature for nitrification to occur is 5°C 

(Shammas, 1986). Temperature and nitrate-N concentrations measured in the 

pump chamber of the RSF are shown in Figure 4.48. Nitrate-N concentrations | 

measured in the pump chamber of the RSF were below 1.0 mg/l when the pump 

was not operating. This is due to denitrification of the nitrate-N produced when 

pumping effluent to the top of the sand filter from Dosing Chamber #1. 

The lowest temperature observed in the pump chamber was 9.5°C (January 

5, 1995), which is significantly higher than the minimum temperature required. On 

this date 8.1 mg/l of nitrate-N were measured in the sand filter. It is suspected that 

| temperature did not have a significant effect on nitrification at Site #2 due to 

‘temperatures above the minimum required. | 

The minimum alkalinity level required for nitrification is 40 mg/l as CaCOs 

(Sandy, 1987). Figures 4.49 and 4.50 show the alkalinity and total hardness 

concentrations in Dosing Chamber #1, the pump chamber of the RSF, and Dosing 

Chamber #2 from 1992 to 1995. Alkalinity in the pump chamber of the RSF has 

remained above 80 mg/l (CaCOs) since the system began operating. The limestone 

within the rock storage unit of the RSF continues to provide an adequate 
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vs hydraulic loading rate at Site #2. 

100 
o 0 a oo a 

@ §9pe oo 0. ee eee oy 5 
< Gs a 

8) 6 oe ee 8 eee ee ee = ee 
—E B a 
& 70 a et a OR Sak ea ee aS ee 

® G6O0;---/------------------------------- 
Cc Db 

2 SOP -J---- ee er rr re rr re ee eee 
i“ 

2 40 O.-------------------------------- 

S 
O SOP --- + ee 2 ee re ee ne ee ee 

e 
@ 20-F----------------------------------- 
£ 
@ 10------+22+--5--------- ee ee eee 

0 
o 1 2 3 4 5 6 7 8 9 1 11 12 13 14 «15 16 

Sand Filter Ratio (SFR) 

Figure 4.47 Percent conversion of ammonium to nitrate-N in the sand filter 
vs sand filter ratio (SFR) at Site #2. 

174



30 : 25 

F Nitrate-N Temperature 

25) fee si wo ie ohm hn i i mains min to ie) Sea ot ene Se ee eS 
t 4 20 

ee BK I m A 
a 20 ae, Sete ee See, anata a ee ie a ae eee ae a me eee sw oe soe oe 
a 1 ft 4 XS _ 

3 % A + 9 E 15 2 E ads h, Af ° 5 Meee 3 BiG [Rm sk niet ~ 2 Arte Na an ce ing ae aor | 0° Ss 
B g 
: STARTED 4 10 2 

(4) 

© 10b--- wnt eter ee Bye eee ee ee eee eee eee eee fee ee 
= ® ig vat - VW f 
N PU ut Pra t: 

” 4 L, A m W mh N\ 9 | 5 
Als 5 iy y tu) 

aoe No- 1A -lor ol ®- ee / Atom - 1-2 -p Y- ba W- 
0p Vi qi NAY rw Ao oh NY (Y) w 

Hh] HY] © ce a S/o u 
i | im lh 

h ‘ ) Cea) LY 
OHS Ee) U 1 bes me) 

O@) QQ @ © Pump Failures (1-7) © 2) 

1992 1993 | 1994 1995 

Figure 4.48 Nitrate-N concentrations and Temperature in the 

pump chamber of the RSF at Site #2.



350 
BEFO

RE R SF OPER
ATIO

N 

#1 
#2 

STU
DY 

30 

mr 

(PERIOD 

ees 
ca
e 

° 

a
 

n {e | 

Ba 
 -.

 ek 

: 

=~ 

eC
 

|
 

ah ae
d es iat 

ey 
PER

T 

= 250 

o
e
 

ie iS oo
 oo

 
romatg 

MO a 

2 

Red 
— 

ee 
Ee oo 

ae 
og 

ae 
R 

6 

Be 
P 
i 

S| Be 
oe
 

Dosi 
EE
 

E 

BL Si
ARren

 
ee el 

a 
ee 

ro 
sing a

ne 

ra 200 
fp a
 

ee
 

Le
 a
 

Dosin
g C 

ber #1 § 

=; 

Py se 
pes —

 

Peary
 EB

 pee 
b
e
 

eg
 

H 

3 

Z 
¢ 

a 
_ 

oe e & oe
 o
o 

og 
Ss pe pa

mper
 #2 H 

$e 
Aes 

a 
ee iS 

pd 
LC 

eg 

a 
: 

H 

oO 

Regi
e a
 

|
 

a e
e C

o 

ind 
Fi 

B 

o 15 

hy 
Ee i
 a 

ae
 

ie 
a 

ok 
E De 

cers 
- 

0 

Ct 
oe -— 

oh 
ne 

fe a 
i
 

a i
 a. 

are 
ri 

(2) 5 DAYS 
HS 

7 a
y 

Ge SS _ 
Poy 

ey oF
 ae 

100 
(3) 2 DAYS

 
ke
 _f BS

 ou 
aR Ce _

 
Ff aL 

. 
at 

a 

(6 24 DAY: 

0 ae 
ct 

Boe 
ae W

e 
.
 

a Be h
o a

 at 
ee 

ie 2 Ae
 

a 
oe 

eS 
oo 

2 
et 

te 
LA
 

ee oe ey eo o
e ay 

ae 

i a
. 

ee 
See

 B
RE 

fie
 ee b

a 
ee oi 

eS Beg o
e 

ee 
SH: 

50 

va 
ee 

oe 
A 

eS co 
pe 

oo 
Le 

4 | ae 
on a

e 

\ RSF 
ae
 nee 

ae 
Bd 

. 
A. 

Ra 
o ee

 a
 on B

e 

sb In[o 
NSTALL

ED 
ff eo LP 

ae 
Bi 

cl me 
Re 

bo} 
A Ti

ke 
ce a

A 

5 es 
fe
 Bed 

2g 
i 

os a
e 

sea
s 

Loa eS 
tN. 

ok 
nt oe se

) 
ae 

Mea
 

at 
oe 

col ab « 
Tae 

Se
at
s 

La 
AV 

92 
DIJ 

oe
 Ne a

 
gE 

ee 
fe EDS | o

e 
ae 

ee 

F 

uaa a
 Be setae

 
a Wes

 ca 
be foe: 

Peas 
SE.

 erg 
| . Le 

IM} A |M] J eee 
| me

 
aot 

Bas 
ce Hie 

Re 
os 

Ba | le 4 

ea 
Os
 

pe 
Le 

ik 
CRE: 

1993 
IN JD HJ a

 Se 
aE Co . BoA rl 

: 

Figure 4 

| Le 
T au

 

49 

ning 
A 

Og C
LEP 

| 

Alkal
inity

 
i 

199
 

lo IND 
ar
g 

7). 

R 
It 

4 

J 
a El: 

SF a 
y in dosi 

FIMI
A 

| 

t Site 
#2 vi

le 
cham

 

2 

199
 MI J 

tom 
199 

ber 
#1 

5 

ie ‘oon 
the 

5, 

pum
 p cha mb er of the



200 
BEFO

R — RS FE OPE
RAT

ION
 

#1 

#2 

ST!
 

Dosi 

uD 

sing
 Ch 

OS 

Y PER
IO 

pee 
ie 

ee 
mm 

#3 
|B c 

owas 
am 

U 
oo 

ce 
Sa 

ge
e 

ST. 
G 

eeyiy
 

D 
: 

2 

gk lst 
eae 

ee 
_ 

ee a
e 

G1 

= 

Be
 

| 
es
 ee r

e 
a
e
 

i a
y 

Hele 

A 

5 

6 

| 

a 
oo a
 Lo a

d 2 ee
s 

IN} PIR 

e 

Po
t 

7 
2 La L

o a
 oe

 

PITT 

Ee 

Le oY 
oo 

os 
e io

. 
Be P

e ny a
 

Le 
a a

 
pry

 oltete
 

_ 

| 
Pk
 

ae 
a 

if 
i.
 

ae 

. 
é 

_ 
Aa}

 ah
 6 oe

 
ee 

ALE 
aie 

I 

° 

~ ok 
soe 

3 ae 
ye St

i 
Ss mn coe 

 .
 ee p

e 
- os

 ee 
@ a

 ee 

° 

i 

Ck
 ae 

oe 
| ® ae 

cp a
 _
 

ee 
oo 

as 
os 

ae 
: 

A 

qi 
a 

Ay 
ee A

UR 
oe
 r

o 
ae 

Be 
a 

ae
 ce 

i 
es 

A 
cans 

Up 
ee 

| | i
e i

. 
| 

RBA
 7 &

 ad
 Ve a 

iy 

a 
oo 

1 
a 

Ee a
y 

ue A
LS S

 Be 
fake 
A 

pty
 i ae

 Ba 
Bs Ee 

(1)? 
DAYS M 

= 
ro 

fi 
| a

 a
 Y

ee 
ae 
Se
 a a

 
A a 

ah 

(2 ? DAY: 

ny 
| ee 

A 
pce

 a 
ee 

ee 
os 

Hs 
& ne e

we
 : 

if
 

a 
e 

(a) 9 ‘DAY
 

oN 
ro 

Ne fe 
Es | a 

pos 
Re 
ay
 

Bhi
 oe 

es W
e 

Bay 

re 4 DAY
S: 

RS 
as 

| 
a.
 i

 ie 
Le 
oF
 

A 
E - 

XO 
Ma | 

ae 

o 
0 

| 
F 

oS 
Pe 

et | ae
 be ce

 

cM 
oy pe 

a 
ee 

ts, 

AY 
N 

. Hees
 ao

 ea | bo 
Pe
 ta

 t
e 

et
 bi

ne 
4 

it 
| 
i 

Gd 
oO 

Poy
 cL 
i 

aL 
i 

NX Nea 

1991. 
aes 

re o
e
 

vo 
co 

aL 
Or 

aN 

Aca 
8 4 

ee 
2 EA

 Be eS bee
 e
e
 

ee 
Ee $8 

| Bs
 — 

Cy 
Rhea 

: 

; 

9 

mp 
Tal 

oe 
 
.
 

Pest 
ae C

e D
t fo 

8 
ee be 

PC 
Pa Vf | bi Al 

ae 
, 

ea
 a
 

ee 
ie
 iS a

 
ee HN 

199 
- c
e 

ah
 

ee 
a 

a .
 bik

 iD 

per
o 

i a
) o

y 
oe 

. Te
 

JIA 
ee 

Ho
s.
 bee

 
be a
 
a 

ae 

Fi 

93 

JIE 
ral 

a: 
oS 

p 
ae a 
i
 

Es EI . i Gy 

igur
e 4 

AlM 
ey
: 

ao 
a | 

i be 

et 

wan
a L

o ait
 a 

otal 
H 

19 
sloI

n 
b c a

 : | 

RSF 
at ard

ness 
i 

94 

al 
el 

Site 
in dosi 

aie
 

#2 
losi

n 

. 

ac 
7 

‘rom
 

g cha 

95 

199 
mbe 

1 to 19 
r #1, 

al 

95 
, and th 

. 

e pum
 

p chai mb er 
of 

tl 

he



supply of alkalinity for nitrification in the RSF. The average alkalinity and total 

_ hardness concentrations in the original dosing chamber before the system was 

installed were 167.8 mg/I (range 108 to 280 mg/l) and 59.8 mg/l (range 40 to 84 | 

| mg/l), respectively. It should be noted that alkalinity concentrations are greater 

than total hardness concentrations because organic solids in the effluent samples 

buffer the alkalinity endpoint. 

It is impossible to determine the amount of alkalinity destroyed by 

nitrification in the RSF because: 1) total hardness and alkalinity concentrations in 

the septic tank and sand filter are a mixture of treated effluent and household | 

loading, there is no way to differentiate between them, 2) alkalinity increases due 

to denitrification in the septic tank and/or sand filter cannot be accounted for, 3) 

organic solids in the effluent samples buffer the alkalinity endpoint, and 4) alkalinity 

consumption by sulfur reactions cannot be accounted for (No analyses were 

performed for sulfate or H2S). 

| The variations in NHs*-N conversion are due predominately to changes 

which were made in the recirculation rate to the top of the sand filter. No variation 

can be attributed to temperature or alkalinity since they were within the range of 

the microorganisms. 
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4.252 Denitrification | 

Table 4.35 shows the removal of nitrate-N in the septic tank by the 

denitrification process for all study periods at Site #2. It is assumed that 

denitrification of the nitrate-N produced in the sand filter occurs prior to pumping to 

the septic tank; thus, the concentrations pumped to the septic tank are the 

| concentrations measured in the pump chamber of the RSF. Average nitrate-N 

concentrations between 0.3 and 1.0 mg/l imply incomplete denitirification in the 

septic tank during some study periods. Denitrification is assumed to be 100% 

complete when nitrate-N concentrations are below the limit of quantitation (<0.2 

mg/l). Also, denitrification in the septic tank did not occur during study periods #1, | 

M, N, and R, when no flow was directed back to the septic tank (STR = 0.0Q, 

HRTs 2.7 to 3.0 days). In theory, if the STR is too high, denitirification in the | 

septic tank will be inhibited by the development of aerobic conditions. 

Unfortunately, DO measurements are not available. 

Denitrification of the nitrate-N pumped from the sand filter to the septic tank 

ranged from essentially complete down to only 66.7% (study period E). with STRs 

between 1.4 and 1.90 and HRTs of 1.1 to 0.5 days. The highest average nitrate-N 

concentration within the septic tank was 1.0 mg/l (range <0.2 to 3.4 mg/l) during 

study period E. This high nitrate-N level occurred with an STR of 3.00, which was | 

| not the highest ratio used during this study. STRs between 1.6Q and 6.30 also 

| had detectable nitrate-N concentrations ranging between 0.3 and 0.7 mg/l. 

However, denitirification in the septic tank is also dependent on temperature, pH, 

and carbon availability. 
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Table 4.35 Average removal of nitrate-N in the septic tank by the denitirification process | 
at Site #2. 

Tank NOz +NOz-N NOs + NQz2z-N Percent 
Study | Ratio . HRT Sand Filter Septic Tank Denitrficication 

_ | Period | (STR) (Days) | __ (mg/l) ___ (mg/l) (%) _ 

/ #1 | oo | 25 [| of | <o2 [| oO ~ 
| | #2 {11 | oti 47 UT <02 fT 00—CS~™*e 

_ #3 | 17 | o9 fT 57 [|  <o2 [| 100 
pA | 20 | 09 [| 69 #x,| <o2 [ 100 
| B | 25 | o8 [| 88 | o3 | 61 
 ¢ | 39 | 07 [ 40 #[| <02 #| 970 | 

oO | 26 | o7 [| 48 [07 #+x|[ 862 | 
PE | 30 | of | #29 &X2| 10 #x| #667 | 
VF | 35 | 08 [| 33 ~6f))~ 6 <02 =| 100 +&#+| ~~ 
| G | 63 | o6 | 14 [| 03 [| 815 

oo pH | 79 | 05 [ 15 | <o2 #+2x| 100 | 
pt | 49 | 10 [347 T02  ~ [ 955 SCO” 
p J | 41 | oi 38a Totti SCO 
pK | 28 | 14 7 59 | <02 #| 100 
pt | 16 | 11 hf 69 UCSC CS” 

| | M | oo | 30 |] 85 #| <02 =| #+24O | 
| PN | oo | 27 [30 [| <02 | +2o 

_ Oo | 14 | 13 [50 [| <02 #| 100 | 
PP | 47 | oa 62 dT <02 dT C—ttO—~—~—~—S 
po | 17 | 11 [66 <02 dT S~C~*ttOO—~—~—“C~™*O 
) R | 00 | 28 | o6 | <oz2 | oO | 
| S | 25 | 14 [80 | <0o2 #+[ 100 ~ 
NOTE Denitrification is assumed to be 100% complete for Nitrate-N <0.2 mg/l 

The reported minimum temperature for denitrification to occur is 2 to 5°C 

(Crites et al., 1981). Temperature and nitrate-N concentrations in the septic tank 

effluent measured in Dosing Chamber #1 are shown in Figure 4.51. The lowest 

temperature recorded in Dosing Chamber #1 was 10.7°C (February 13, 1995) and 

is significantly above the minimum required temperature of 5°C. On this date 0.2 
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Figure 4.51 Nitrate-N concentrations and Temperature in 

dosing chamber #1 Site #2.



mg/l of nitrate-N were measured in Dosing Chamber #1. Since the measured 

nitrate-N concentration was at the limit of quantitation for nitrate-N. (<0.2 mg/l) 

| and the temperature observed was above the reported minimum it appears that | 

temperature did not inhibit denitrification at Site #2. | 

Denitrification rates are depressed below a pH of 6.0 and above a pH of 8.0. 

Figure 4.52 shows pH levels in the septic tank effluent measured in Dosing 

Chamber #1 from 1992 to 1995. The fluctuation in pH levels observed in Dosing 

_ Chamber #1 (6.50 to 7.61 Std. Units) are within the range required by the 

| microorganisms.: | a 

Table 4.36 shows the average percent denitrification, temperature, STR, 

BODs, COD, and pH for all the study periods at Site #2. Denitrification in the septic 

tank ranged from 66 to 97% complete, values less than 100% indicate that 

denitrification was inhibited during these study periods. Denitrification in the septic | 

tank did not occur during study periods #1, M, N, or R, when effluent was not 

directed to the septic tank. Also temperature readings and/or BODs, COD, and pH 

analyses were not available for study periods A, B, and H. Thus, these study 

| | periods are omitted from the determination of the factor(s) which havé the most 

influence on denitrification in the septic tank at Site #2. 

: 182



BEF a ORE RSF O} PERATION 

, Ss : E , TUDY PE! 

7 (1)? OFF 
ee 

| ii 

6 ae DAYS 
el 

‘ 
| 

9 

eae oe 
ae 

is Daye | a a 
gy tl 

; 2 : 

a 
eee eg ce 

tess Hy, J 
MoO 

pe 
2 

ge 
as 

ae 
L as 

= 
___ [Pum _ 

ro oo 
im 

gi 
: 

EE _ 
be 

oe 
eA g Ch = Be | 

| a 
sy of 

| bo ae o oe 
oar chamber #1 ie 

, 

a 
| Lae 

A oe a ye 
pH B 

3 

of 

_ 

Ea 
8 

| i . 
Co 

a 
We oF 

pars x ee 

| 

- 
8 | ed 

ae oS ( 
Se pe ei ce ea By Ce 

| 
: 

ce 
- ae | 

ee eee Et ps ti ee 
Le 

es Ea aa Fe be 
a 

ee 3 4 

4 
==] IN SF 

se 
Ee 

og Te 
on pe. ee co 

a Pe Lo 
a 

i 

STAL 
bee a 

Wy oA bg ; ed ee a 
i] : | \ 

Ql 
LED bee ce aes Nt 

AB ad ee oe 
| : i 

| | 

6.8 

bee ae 
4] 1a ae 

a oo a t | 
i 

: 

R E WY Ai ye a Ee a. 
vy le 

- 1 
I 

3 . | : t r 
- 7 a Ho 

a aa Fe ad 4 oe 

6.6 

8 oG 
i 1 a 

fe 
1G 

LE Le  e 
1a 

sD 

Meee 
Ee 

ee 
oe Be go le 

pes B Lo 
re ep a: 3 i oY 

cf i 

Bb ss8 
es eee 

ee Rhee 
ata 

ee Ss 
be he 3 

Paige: 
ead 

i 

Ss 

ees 
Po 

ee 
oe 

bg 
pa 

ye ee Ms: 
ee 

usy, 
ey 

oun 
AL 

ID |J 

Ba 
Fes 

pee 
ae 

beet 
ee eR 

ee ema 
ee 

st Ad 

1 
F lM 

toa 
Pe 

che oe 
bt poke 

ce ri 
ne ae 

Ak 
i 

99 
A[M 

Bee OZ) 
ee hoa 

oe ae 
PAL 

oo 
a i 

_ 

1 

J 
a 

Gy le 
ee 

BN ed 
Ble 

og 
ic 

J [als fo o> 
© Oh 

Et | ia 
Eg 

ae 7 oy 
a ve 

1992 

plutei 

ee Ce 
ae 

Ee a 
cb B Ce 

Ua 
a 

ak 
oo Le L at Oe oy 

Be. 

. fi . lO L y | a 1e EF | 

£ : ue Le se lk a 

Figure 4.5 

nang 
| 

8 t 0) 

.52 pHi 

199. 
IND |J a 

ee 

| 

in dosi 
| 

losing cha ; | m ; ber #1 Z at Site #24 rom 1 1991 to 1 992.



Table 4.36 Average percent denitrification, temperature, septic tank ratio (STR), BODs, 
COD, and pH in the septic tank at Site #2 for all study periods between 1992 and 1995. . 

: Study Percent 

| Period | Denitrification| Temperature} STR BODs COD 

_(%) (°C) _|_tmgn)_|_(mgit)_| Std. Units_ 
Tai fo | 9 | 00 | 126 | 349 | 662 
[#2 [00st OT tt | 4 =d|~Cit «SCO 
[#3 [100[— 86 SYS? ~*| =~ ~=«d|~St79«d|~Sid 
[~A_ [100 NS SCT 0 | 54] ~sta)~Ci 
[es [961 [ NS | 25 | 64 | 117 | 6084 
[c | 970 ~| ~~ 80 ~=«|:sk (| 47 ~—~«dSs~=Cits |i 
[> | 862 [55 [| 26 | 72 | 180 | 673 | 

ee [| 67 | 10 | 30 | 73 | 7 | 680 | ~~ 
[oF [100 is7 as [31 | 94 | ees | 

| pH | too] NS E79 T NS | NS) [Ns | 
7 [ss | 193 | 49 | 40 | 101 | 693 

[a] 936 7 —~dT at | edt dCi 
[kK [ 100 [40 [28 | 63 | 260 | 693 
[uf sis fas | 16 | 90 | 140 | 65a | 
[mM [oo | 9 [oo | 28 | 444 | 670 
[N [oo | 7 | 00 | NS | NS | NS 
[po [00 [4s [14 | 82 | 154] 676 
[Pp [i007 —~d|st '| 66 (| ~ 136 ~d| SC 
[a [ 00 te a | 82 | 78 «| 
[Rf o | tes | oo | 26 | 29 | 721 

ss [oo Tet 2s | 86 | as | eee 

A multiple regression model was constructed to determine the influence of 

- temperature, STR, BODs, COD, and pH on the percent denitrification in the septic 

tank. Only 15 of the 22 study periods were used for the reasons previously 

described. The model yielded a multiple regression coefficient R? = 0.85 

(p =0.005). Probability values (p) of the variable coefficients show with statistical 

significance (p<0.05) that the HRT, STR, and BODs explained the most variation in 

the degree of denitrification in the septic tank (Table 4.37). However, the HRT, 

| STR, and BODs concentration in the septic tank are not independent of each other. | 
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Table 4.37 Variables, coefficients and probability values for the multiple regression model 
of denitrification in the septic tank at Site #2. 

|___ Variable Coefficient p-value 

Intercept 273.64 0.024 ** | 

Temperature 0.19 0.865 

HRT 29.17 0.003 ** 

STR -§.52 0.008 ** 

BODs -0.62 0.003 ** 
7 COD 0.07 0.086 

eee 2396027 | 
__** Statistical Significance (p <0.05) 

. The household water usage determines the STR, HRT, and BODs 

concentration in the septic tank. As the water usage increases the HRT and BODs 

concentration decrease. Increased water usage also causes the pump in the RSF to 

recycle more effluent from the sand filter to the septic tank, and this increases the 

STR. When the STR is increased, the volume of reduced BODs recycled to the 

septic tank is greater and causes dilution of the influent household BODs. | 

Therefore, incomplete denitrification in the septic tank at Site #2 can be attributed 

to reduced BODs, or reduced carbon availability in the septic tank. This probably 

has the most effect when a high degree of BODs removal occurs in the sand filter 

and the household water usage increases. 

The model also shows that temperature and pH did not have a significant 

effect on denitirification in the septic tank at Site #2. This supports the conclusions 

that temperature and pH levels were within the range of the microorganisms. 

As noted previously, denitrification does not occur solely in the septic tank. 

| Denitrification of the nitrate-N produced in the sand filter ranged between 54 and 

| 96% complete. The degree of denitrification in the sand filter varies according to 

the changes in the thickness of the saturated bottom portion of the RSF. Whenno _ 
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, ; 

flow is pumped from the sand filter to Dosing Chamber #2, the saturated thickness 

is at its maximum level, equal to the overflow level to Dosing Chamber #2. The 

average degree of denitrification in the sand filter was 86% complete (range 68 to 

| 96%) when the sand filter was at the overflow level (OQFR=1.0Q) during study 

periods #1, G, H, |, L, M, N, O, P, and R. 

The average degree of denitrification in the sand filter was only 75% 

complete (range 54 to 90%) when the level of saturation in the RSF fluctuated 

below the overflow level (OFRs 0.0 to 0.5Q) in response to pumping from the pump 

‘chamber of the RSF during study periods #2, #3, B, C, E, F, J, K, and S. It is 

suspected that denitrification is less complete in the bottom of the sand filter during 

these study periods since less stagnation occurs in the rock storage unit of the RSF. 

This occurs because the level of saturation in the rock storage unit fluctuates due 

to the media’s response to pumping from the pump chamber of the RSF. 

Decreased carbon availability probably accounts for the variations in denitrification 

in the rock storage unit of the sand filter during study periods with similar saturated 

thickness. Since few samples were collected from the monitoring well in the rock 

oo storage unit, variations in denitrification within the rock storage unit due’ to 

decreased carbon availability cannot be quantified. 

4.253 Total Nitrogen 

TN and chloride concentrations in Dosing Chamber #1, the pump chamber of 

the sand filter, and Dosing Chamber #2 from 1991 to 1995 are shown in Figures 

4.53, 4.54, and 4.55. It should be noted that the concentrations in the septic tank 
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Figure 4.53 Total Nitrogen and Chloride concentrations in Dosing Chamber #1 

at Site #2 from 1991 to 1995.
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) effluent in Dosing Chamber #1 are diluted by recirculated effluent treated in the 

sand filter. Exceptions are made for study periods #1, M, N, and R when effluent | 

was not recycled to the septic tank. The samples collected during these time 

periods represent undiluted household concentrations and the mass balances predict 

these concentrations as the estimated household concentrations. 

The loading and removal of TN to the system at Site #2 was obtained from 

_ the mass balances of all the study periods between August 13, 1992 and June 29, 

1995 (Table 4.38). The reduction of the TN generated in the household and applied 

to the mound system from Dosing Chamber #2 at Site #2 ranged from 28.9 to 

90.8% over the course of the study with the various flow conditions described 

earlier. | 

The estimated concentration of TN in the household waste was calculated 

from the mass balance calculations for all the study periods at Site #2. From these 

calculations the average TN concentration in the household waste was estimated to 

| be 40.9 mg/l (range 18.1 to 92.1 mg/l). The average TN concentration in the 

original dosing chamber before the installation of the RSF and Dosing Chamber #1 

before the operation of the pump was 37.1 mg/l (range 22.0 to 61.0 rAg/l). The 

estimated household concentrations range slightly outside the observed 

concentrations before treatment by the system due to the variability of the 

household water usage between 1991 and 1995. The average concentration of TN _ 

pumped from the pump chamber of the RSF was 10.6 mg/l (range 3.1 to 19.4 

mg/l). The average concentration of TN applied to the mound system from Dosing 

Chamber #2 was 11.5 mg/l (range 3.0 to 20.5 mg/l). : 
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Table 4.38 Total Nitrogen removal by the RSF system for all study periods at Site #2. | 

Removal in Dosing 
| Study Mass From | Removal in | Removal in Dosing Chamber #2} System Percent 

Period Start House Septic Tank | Sand Filter | Chamber #2 | to Mound Removal Removed 
(grams/day) (grams/day) | (grams/day) (grams/day) (grams/day) | (grams/day) 

| ense2| iveme2 | 428 [oo | 140 | 18 | s04 | 124 | me #2 | 116/92 | 6/is/93_ [46.5 [8.2 97 [8 +d 9.8 | 7.08 #3 | 6/16/93 | ese [72.8 [16.1 [40.7 [0.2 | 17.2 | 66.6 | 976.4 A __| 9/1/93 | 9/23/03 [57.9 [18.4 [26.6 | 01 | 13.0 +4 aa. 978 8B | 9/24/93 | ro/agie3 [69.2 | 276 [17.8 | 1.4 | 12.7 | 46.6 | 78.6 ¢ | 10/27/93] 12/23/93 | 45.1 [16.8 a9 [CdS S*dYCSt | 0 [i2i2aea} sige3 [490 [14.5 [236 [03 | 10.7 | 38.4 | 782 L£ | saiea | 793 [33.1 [es ne TO  —«dY Sia dt HF | meres | sea | aia [21 9.4 SidSCts=‘iA Cd.) |G | eioved | a/23i93 | 26.0 [6.7 Tea | S09 «dS SdYSCSiat2 a ~ LH | ai2aiea | oiye4 [26.4 [8.8 6.0 SCT SS SCdYSik «dT Sn = |_| | saa | s2gie4 | 29.37 [103 [15.0 S10 C«dYSSi a SC*dS(Cta a | J | 9so/ea | 1iy7iga [43.7 [78 291d 8 dCi «dt |) Kf iiverea | tee [64.3 [nt 43.7 dS 8 Jt | wigies | 2azes | 676 [nt [29 OdYSCi‘tB Sat |_M_ | 2/23/96 | 3/1s95_ [61.6 [0.0 30.8 ~~ 20 —«dYS*Ci*dY~Cti S27 
| Oo | 3/24/96 | 4/695 | ang ea [74 ~~ ~SCO dS 61.0 | pp | aries {5/6/95 [5.0 [tno 27.3 dT dS dP a0 a | 569s | sities | 63.7 [ing 25.8 a «dP Sit 9.3 | OR | si2i05 | 6/1395 | 43.8 | oo 220d 8S OdYSCStiBdYCwa __S__| 6/14/95 | 6/2895 | 40.6 [15.0 [5.9 ~~] SS S«dYSiaB YS 

(-) Indicates an increase in dosing chamber #2 relative to the sand filter due to higher concentrations being detected in dosing chamber #2



The mass balances predict an increase in TN within Dosing Chamber #2 

during some study periods. This occurs when the concentrations measured in | 

Dosing Chamber #2 are greater than those observed in the sand filter. The 

concentrations being pumped and/or overflowing to Dosing Chamber #2 were 

assumed to be those concentrations found within the pump chamber of the RSF. 

However, due to the variation of concentrations with location in the sand filter it is 

unlikely that the concentrations in the overflow to Dosing Chamber #2 were the | 

same as those in the pump chamber. Unfortunately, too few samples were 

| | collected from the different locations in the RSF to predict the concentrations 

overflowing to Dosing Chamber #2, and therefore, any additional removal which 

may have occurred in can not be determined. It is suspected that denitrification 

would not be significant since the effluent in Dosing Chamber #2 is aerobic and 

depleted in available carbon. 

Maximum Removal 

A maximum TN reduction of 90.8% was accomplished during study period H 

(August 24 to September 1, 1994). The household water usage during this time 

was 804 Ipd (212 gpd). The flow conditions used to achieve this removal were an 

SFR of 15.90, an STR of 7.90, a DR of 0.00, and an OFR of 1.00. These flow 

| conditions yield a hydraulic loading rate to the top of the sand filter of 196 cm/day 

(48 gpd/ftz) and a hydraulic retention time in the septic tank of 0.5 days. The flow 

schematic for study period H can be found in Figure 4.56. With no flow being 

directed to Dosing Chamber #2, the wastewater levels in the RSF were maintained 

at the overflow level and the pump ran through the maximum of 48 cycles/day. 
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7.90 0.00 

| 7.00 8.90 

15.90 

NITRIFICATION _... 1.00 __ 
W HLR = 196 cmi/day Overflow 

Recirculating Sand Filter Q 

Septic Tank 

Q 8.90 Dosing 
a House | oO + 7.90 | Chamber #2 Q 

& Effluent i To Mound 
DENITRIFICATION pees 5 System N N 
HRT = 0.5 days Dosing \ \ 

Chamber #1 

Pump 

Q = 804 liters/day Waste Water Generated 

HLR - Hydraulic Loading Rate to top of sand filter ((Flow pumped to top of sand filter) / Area of sand filter (6.54 m®)). 

HRT - Hydraulic Retention Time in the septic tank ((Liquid Storage Volume (3785 liters) / Total Flow into Septic Tank). 

Figure 4.56 Flow schematic for study period H at Site #2.



| Of the 26.4 grams/day (0.058 Ibs/day) of TN estimated to be generated in 

the household only 2.4 grams/day (0.005 Ibs/day) were applied to the mound 

system from Dosing Chamber #2. This would represent an annual loading to the 

mound system of only 0.8 kg/year (1.825 Ibs/year) instead of 9.6 kg/year (21.2 

Ibs/year) being applied with out treatment by the RSF system. 

| | Removal in Sand Filter and Septic Tank 

Figure 4.57 shows the percentage of TN removed by the sand filter and 

septic tank determined by the mass balance calculations of all the study periods at 

Site #2. As also seen at the previous site, more TN is removed in the ‘sand filter 

than in the septic tank. Although volatilization of NHs*-N may be occurring in the 

sand filter, it is suspected that the majority of the TN removed in the sand filter | 

occurs by denitrification within the rock storage unit. Examination of study periods 

without flow recycled to the septic tank (#1, M, N, and R) reveals TN removal due | 

entirely by treatment in the sand filter alone. 

| During study periods #1 and R the pump in the pump chamber was non- 

operational. Effluent was applied to the top of the sand filter in a single pass 

| applied from Dosing Chamber #1. The forward flows (Q) during study: periods #1, 

and R were 1,491 Ipd (394 gpd) and 1,364 Ipd (360 gpd), respectively. The sand 

filter ratio (SFR) for both study periods #1 , and Ris 1.00. The hydraulic loading 

rates (HLR) to the top of the sand filter were 23 cm/day (5.6 gpd/ft?) and 21 

cm/day (5.2 gpd/ft?), respectively. Without flow recycled to the septic tank, the 

hydraulic retention times (HRT) were 2.5 and 2.8 days. TN removals of 28.9 and | 
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41.7% were achieved by the RSF system at Site #2 in a single pass applied to the 

| top of the sand filter from Dosing Chamber #1. 

During study periods M and N the flow control ‘valve’ to the septic tank was 

closed off and no flow was directed to the septic tank. Effluent was applied to the 

| top of the RSF from Dosing Chamber #1 and also from the sand filter. The forward 

flows through the system during study periods M and N were 1,278 Ipd (338 gpd) 

and 1,389 Ipd (367 gpd), respectively. The SFRs were 5.80 and 4.6Q during 

study periods M and N. The HLRs to the top of the sand filter were 114 cm/day 

| (28 gpd/ft?) and 97 cm/day (24 gpd/ft2). With no flow being directed to the septic 

tank, the HRTs were 3.0 and 2.7 days. TN removals of 55.4 and 43.7% were 

achieved by the RSF system in 5.8 and 4.6 passes applied to the top of the sand 

filter from Dosing Chamber #1 and the pump in the pump chamber of the RSF. 

4.26 Volatile Organic Compound Attenuation 

Samples for the analyses of VOCs were taken on eight occasions between 

July 8, 1993 and June 29, 1995. Table 4.39 shows the compounds detected in 

| Dosing Chamber #1, the pump chamber of the RSF, and Dosing Chamber #2. 

VOCs were detected at one or all of the sample locations on seven of the eight 

sample occasions. No VOCs were detected at any sample location on August 16, 

1994. It should be noted that the sample of May 19, 1995 was contaminated 

during handling and/or transport since VOCs were detected in the “trip blank”. Asa 

result, this study date is omitted from this discussion. 

Fourteen different VOCs were detected in at least one of the sample 

locations at Site #2, double the number of VOCs detected at Site #1. The number 
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and concentrations of the VOC species detected was greatest in Dosing Chamber 

#1 and reduced in the RSF and Dosing Chamber #2. This indicates removal of 

VOCs in the RSF. 

The most frequently detected compound in Dosing Chamber #1 was 1,4- 

dichlorobenzene, with concentrations ranging from <0O.7 to 39.8 pg/L. | 

| Concentrations of 1,4-dichlorobenzene in the RSF ranged between <O.7 to 4.3 . 

| pg/L, while those in Dosing Chamber #2 ranged between <0O.7 to 2.8 pg/L. The | 

lower concentrations in the RSF and Dosing Chamber #2 indicate 71 to 100% 

removal of 1,4-dichlorobenzene. | 

Toluene was the second most frequently detected compound in Dosing 

Chamber #1 with concentrations ranging from <0.5 pg/L to 49.9 pg/L. Toluene 

concentrations in the sand filter and Dosing Chamber #2 were never detected | 

| above the limits of quantitation (0.5 ug/L). This indicates complete removal of 

toluene by the RSF system. 

The third most frequently detected compound in Dosing Chamber #1 was 

sec-butylbenzene (range <0.5 to 10.7 ug/L). No sec-butyibenzene was detected 

above the limits of quantitation (0.5 pg/L) in either the RSF or Dosing Chamber #2. 

This indicates complete removal of sec-butylbenzene by the RSF system. 
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Table 4.39 Volatile Organic Compounds detected in the Dosing Chamber #1, the pump chamber of the RSF, and Dosing Chamber #2 at 
Site #2 | 

[Compound (ppb) DC#1 RSF  DC#2 | DC#1_ RSF __OC#2 | OC#1_ _RSF__OC#2 | DC#1 ASF DC#2 
Naphthalene | ND ND NO | 2.0 ND ND ; NO ND ND ND NO ND 

| Dichlorodifluoromethane | NO ND ND f= NOD 18.0 NO ND ND ND NO ND ND 
n-Butylbenzene , 1 .0 ND ND | ND ND ND 2.5 ND NO ND ND ND 

1,1,1-Trichloroethane | ND ND ND ND NO ND | ND ND NO NOD ND NO 

isopropylbenzene ; 1.5 ND ND ND ND NO 7 1.8 ND ND 2.4 ND ND 
m+p Xylene : ND NO ND ND ND ND # ND ND ND # ND 28 NO 

Toluene | 49.9 NO ND ND ND ND 7 8.5 ND ND 10.0 ND NO 

sec-Butylbenzene | 10.7 NO ND 10.2 ND ND | NO NO NO | ND NO NO 
Dichloromethane | 5.5 ND NO ND ND ND ff NO NO ND ff NOD ND ND 
1,4-Dichlorobenzene 39.8 NO ND | 108 1.6 1.2 ) 97 37° 28) 101 43° 24 
o-Xylene/Styrene ND ND ND ND NO ND ND ND ND | 3.0 ND ND 
1.2,4-Trichlorobenzene ND NO ND ND ND ND 1.5 ND . NO | ND ND ND 

, Chloroform | ND ND ND ND ND ND : 7.3 ND NO ff ND ND ND 
o | lsopropylbenzene ND ND ND NO NO ND } ND | NO NO | NO ND NO | 

NS No Sample Taken DC#1 - Dosing Chamber #1 DC#2 - Dosing Chamber #2 

| | (Continued)



Table 4.39 ( continued) 

FCompound (ppb)__ DC#1 RSF __DC#2 | DC#1 RSF j DC#1 RSF DC#2_ TripB cry tee ore 

Naphthalene | ND ND ND NO ND ND | ND ND ND 1.3 | ND ND ND 

Dichlorodifluoromethane | NO ND ND ND ND ND | NO ND ND ND ND ND NO 

n-Butylbenzene : | NO NO NO ND NO NO | NO 1.4 1.3 ND # NO NO NO 

1,1,1-Trichloroethane |} NOD ND ND NO NO NO | ND NO NO 3.4 | ND NO NO 

| isopropylbenzene ND ND ND NO ND ND ND . NOD ND ND {| ND ND ND 

m+p Xylene NO ND ND No ND NO | ND ND NDB ND | ND = ND NO 

: Toluene ND NO NO 1.9 NO NO 18.1 ND 1.0 NO 24.3 NO ND 

sec-Butylbenzene NO -ND ND 0.6 ND. NOD 2.8 ND ND NO 3.1 ND ND 

| Dichloromethane NO ND ND NO ND ND ND ND ND NO jf. ND ND NOD 

1,4-Dichlorobenzene ND ND ND ND ND NO ND ND NO ND ND NO NO 

© o-Xylene/Styrene ND ND ND NO ND ND | 1.9 ND ND ND || ND ND ND |. 

o 1,2,4-Trichlorobenzene ND ND NO ND ND ND | ND NOD ND ND | ND ND ND 

Chloroform ND ND ND ND ND No || ND ND NO NO j| NO NOD NOD 

lsopropylbenzene | ND ND ND ND ND ND | 1.4 ND ND ND | ND ND ND 

ND Compound not detected RSF - Pump Chamber of RSF Trip B - Trip blank transported with samples.



4.27 Groundwater Impacts | 

The groundwater at Site #2 has been monitored between 1990 and 1995 in 

three studies conducted through the University of Wisconsin-Stevens Point. The 

first study, conducted by Shaw and Turyk (1992), investigated the mound system | 

at this site as part of a study comparing nitrate-N loading to groundwater from 

different types of alternative soil absorption systems. Site #2 is referred to as site 

SN1 in Shaw and Turyk (1992). With homeowner cooperation Site #2 was 

selected for the denitrification studies because the plume from the mound system 

was well identified. This section describes the changes in the groundwater 

. conditions resulting from the installation of the RSF system through June of 1995. 

The figures contain a separation indicating the conditions seen before the 

installation of the RSF (BEFORE RSF) and conditions after the installation of the RSF 

(AFTER RSF). The locations of the monitoring wells at Site #2 can be found in 

Figure 4.58. 

4.271 Water Table Fluctuations 

The water table at Site #2 fluctuated 2.0 m (6.2 ft) and was 14 to 2.0m 

| (4.5 to 11.2 ft) below the ground surface throughout the course of monitoring from 

October, 1990 to June, 1995 (Figure 4.59). Seasonal changes are again evident as 

is the severe fluctuation between the falls of 1993 and 1994. 

200



DGW 

2 DGE d 
, oO 

MOUND SYSTEM 

DOSING g 
CHAMBERS 4 

i , Seo 
SEPTIC 

TANK 

tat 
o 10 #20 30 40 = 50 g 

SCALE (FEET) 

Flow 

Jordan Road SNINEW 

Y e | 
Figure 4.58 Location of monitoring wells at Site #2. 
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4.272 Nitrate-N Reductions 

Figures 4.60, 4.61, 4.62, and 4.63 show the nitrate-N and chloride | 

concentrations for all depths of down-gradient well nests DGE and DGW from 1990 

to 1995. Tables 4.40 and 4.41 show the same data for all the sampling dates 

after the installation of the RSF. The plume is considered to have chloride | 

~ concentrations greater than 10 mg/l. The sampling dates which had chloride 

concentrations less than 10 mg/l were omitted from the calculation of the average 

values for after the installation of the RSF because it is uncertain if the ‘plume was 

_ within the screened interval of the well due to: 1) possible errors made in the water 

table measurements, or 2) possible errors made in obtaining the samples. 

Table 4.42 shows the average nitrogen (TN or Nitrate-N), and average 

chloride concentrations: in wells DGE 1-4, DGE V or DGE V2, DGW 1-4, the up- 

gradient well SNINEW, and the concentrations applied to the mound system, for 

before and after the installation of the RSF. The average concentrations applied to 

the mound system were made for all the sample dates prior to the last date which | 

was used in the groundwater averages. It should be noted that samples for 

groundwater conditions were collected less frequently than dosing chamber 

samples. | 

It is important to note that the chloride concentrations observed to be exiting 

the mound system are lower than the concentrations observed in the down-gradient 

monitoring wells (Table 4.42). The average concentrations of chloride after the 

installation of the RSF from October 20, 1992 to June 28, 1995 in Dosing 

Chamber #1, the RSF, and Dosing Chamber #2 were 28.5, 28.2. and 23.2 mgil, 
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Table 4.40 Nitrate-N and Chloride concentrations in groundwater monitoring wells DGE 1, V, V2, 2, 3, and 4 for all sample 

dates after the installation of the RSF system at Site #2. 

DGE DGE DGE DGE DGE DGE DGE DGE DGE DGE 

1 1 V or V2 Vor V2 2 2 3 3 4 4 

Date Nitrate-N Chloride | Nitrate-N | Chloride | Nitrate-N Chloride | Nitrate-N Chloride | Nitrate-N = Chloride 

(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 
1/04/93 16.2 24 : - 14.4 24 15.0 23 14.4 23 

3/02/93 11.9 25 - : 13.0 26 13.0 26 12.8 26 

4/06/93 10.9 26; : - 11.3 26 11.6 26 113 26 

5/26/93 12.8 26 : 5 11.7 26 12.0 26 12.0 26 

7/09/93 10.9 22 - - P4465 22 11.5 23 11.3 22 

Sa ee lace cece eee 
2/18/94 FOB Ob tO Oe BL 
ania | 7.3 35 6.9 33 6.8 34 oe 67 33 
6/02/94 5.4 34 5.0 30 5.4 31 6.6 32 5.6 34 
7/19/94 4.4 Sie. 4.9 32 4.9 30 5.4 34 4.9 30 

8 8/23/94 5.5 29 5.0 30 5.6 29 5.1 30 5.8 28 

® 9/23/94 . : a 20 teal, 0.7 29 Lente rowmemenee® 
11/07/94 - eee 4.1 28 ONO 

. 12/21/94 6.5 28 9.1 31 [ee ee 8.7 28 
1/31/95 9.4 33 5 - 8.4 26 11.4 38 

3/13/95 11.4 39 - - 11.3 37 11.7 44 
4/26/95 13.9 40 14.3 39 11.7 42 14.0 40 
5/19/95 12.5 40 13.1 40 13.8 40 13.2 40° 

6/29/95 10.5 39 10.9 38 13.5 40 11.3 38 
Shading indicates well ports which are not located in the plume or have a Chloride concentration < 10 mg/l. 

- Indicates no data available for the sample (well not yet installed or insufficient volume in well).



Table 4.41 Nitrate-N and chloride concentrations in groundwater monitoring wells DGW 1, 2, 3, and 4 for all sample dates after the 
installation of the RSF system at Site #2. \ 

DGW DGW DGW DGW DGW DGW DGW DGW 
1 1 2 2 3 3 4 4 

Date Nitrate-N Chloride Nitrate-N Chloride Nitrate-N Chloride Nitrate-N Chloride 
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) : 

1/04/93 a3) 12 15.7 24 17.2 24 16.6 23 
3/02/93 10.4 21 12.0 25 12.4 25 12.9 24 

406/93 | 9.8 8 23 | 11.6 25 12.2 25 12.7 25 
5/2693 | 28 F708 | 120 26 | eats Semmens same home! Siemon esses 
7/09/93 | 4B BO | (13.1 a rmrt~w®C®COU‘CCONCCéiéRdCC. 
9/30/93 10.1 17 16.4 24 14.8 23 14.7 22 
2/18/94 5.9 26 7.4 32 7.9 32 Il 32. —Ct«;w 
4/21/94 6.9 32 6.9 34 3 35 7.3 35 
6/02/94 4.2 26 6.2 32 6.3 32 6.3 33 

re 7/19/94 4.6 30 6.7 30 6.0 31 6.7 31 
9 8/23/94 6.0 28 dio 29 6.9 33 6.9 29 

9/23/94 4.7 29 5.7 29 6.3 29 
11/07/94 6.2 34 6.3 33 6.4 33 
12/21/94 Td. 35 7.6 36 7.5 36 
1/31/95 : - 14.1 39 10.0 35 
3/13/95 - - 11.2 35 10.8 35 
4/26/95 13:3 37 11.3 37 11.5 38 
5/19/95 12 36 11.2 35 V1.7 37 
6/29/95 11.4 38 11.3 38 10.9 37 

Shading indicates well ports not located in the plume or have a Chloride concentration < 10 mg/l. 

-_Indicates no data available for the sample (well not yet installed or insufficient volume in well).



Table 4.42 Average nitrogen and chloride concentrations, and nitrogen to chloride ratios (N:Cl) before and after the 
| _ installation of the RSF system at Site #2. 

BEFORE RSF . AFTER RSF | 
11/15/90 - 10/20/92 — 1/4193 - 9/30/93 | 2/18/94 - 8/23/94 © 9/23/94 - 6/29/95 

Well NOs-N | Chloride | N:Cl NOs-N | Chloride | N:Cl NOa-N | Chloride | N:Cl NOa-N | Chloride | N:Cl 

DGE- 1 29.1 24.3 1.2 11.3 22.3 0.5 | 5.7 0.2 - . . 
DGE - V(2) - - - - . : 5.5 0.2 10.7 36.5 0.3 
DGE - 2 34.3 29.1 * 4.2 12.2 22.7 0.6 5.7 | (0.2 10.3 35.2 0.3 
DGE - 3 34.4 29.1 1.2 12.3 22.8 0.6 5.7 0.2 9.8 34.6 0.3 

DGE 4 34 3 297 12.2 227 | 06 | 58 | 31.3 | 0.2 10.6 136.5 | 0.3 

DGW - 1 15.6 13.4 | 1.2 8.0 160 | os | 5.5 28.4 | 0.2 , , 
DGW - 2 29.0 23.8 1.2 13.3 24.8 0.6 6.7 31.4 0.2 34.8 0.3 

nN DGW - 3 32.4 25.7 1.2 13.6 24.4 0.6 6.9 32.6 0.2 35.3 0.3 
& een GW 4d 29 3 892 1389 23.8 | 06 | 68 | 320 | «0.2 | 35.0 0.3 

SNINEW 131.4 0.0 <0.2 40.0 0.0 i) 103.4 2.7 43.5 0.1 

Entering MS 40.6 1.2 12.7" 19.7 0.6 7.3* 27.3 13.1° 37.7 0.3 

Average values exclude dates with chloride concentrations < 10 mg/l. Attributed to error in sampling or well missing the plume. 

MS Mound System. | | 

" Total Nitrogen Concentration. (Before values calculated from the original dosing chamber, After values calculated from Dosing 
Chamber #2) 

- Indicates no data available (well not yet installed or insufficient volume in well). 
A eens



respectively. An unexplainable change occurs between the RSF and Dosing 

Chamber #2. It is widely accepted that chlorides are conservative, non-reactive in 

nature. However, chloride concentrations in Dosing Chamber #2 were consistently 

lower than the concentrations seen in Dosing Chamber #1 or the RSF. One logical 

explanation for decreased chloride concentrations in Dosing Chamber #2 would be 

infiltration or seepage of water into Dosing Chamber #2. While Dosing Chamber #2 

is located fairly deep in the ground, no measurements where made to determine the 

exact depth; therefore it cannot be determined if water table elevations reached the | 

elevation of Dosing Chamber #2. | 

A second clarification should be made regarding the chloride concentrations 

up-gradient of the mound system. The average chloride concentrations in the up- 

gradient well SNINEW were generally much higher than either the concentrations 

being applied to or seen down-gradient from the mound system. Figures 4.64 and 

4.65 show the nitrate-N and chloride concentrations observed in up-gradient well 

SNINEW between 1990 and 1995. The up-gradient well is located only a few 

meters down-gradient of a road and may reflect the usage of road salt in the winter 

(Figure 4.58). Unfortunately, there were no up-gradient wells located any closer to : 

the mound system and it is impossible to know the chloride concentrations 

immediately up-gradient; therefore, the amount of dilution that occurs as the _ | 

| groundwater moves between up-gradient well SNINEW and the mound system 

cannot be determined. | 
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In the literature the ratio of the chloride concentrations in on-site system 

effluent to the chloride concentrations observed in the down-gradient wells (Cl:Cl) 

has been used to determine the degree of dilution/mixing of the effluent as it enters 

the groundwater and moves to the monitoring well (Shaw and Turyk, 1992). Also 

reported in the literature is the ratio of TN concentrations in the on-site system 

effluent to nitrate-N concentrations observed in down-gradient wells (TN:N). 

Comparison of the Cl:Cl and TN:N ratios can indicate if nitrogen and chloride 

respond in a similar fashion. Differences between the ratios could be attributed to 

nitrogen removal via denitrification in the soil absorption system and/or in the / | 

| groundwater. Shaw and Turyk (1992) reported that the CI:Cl and TN:N ratios 

averaged 1.4 (maximum 1.9) and 1.3 (maximum 1.6), respectively at Site #2 from 

1990 to 1991. They concluded that both nitrate-N and chlorides behaved in a 

| similar fashion as they moved into and through the groundwater and that no ~ 

significant nitrogen removal occurred in the soil absorption system or groundwater. 

Table 4.43 shows the TN:N and CI:Cl ratios for before and after the | 

installation of the RSF system at Site #2. The results observed before the | 

. installation of the RSF were similar to those previously documented. The ratios are 

| larger for well nest DGW than DGE since it is located approximately 3 m farther 

down-gradient, hence more dilution/mixing occurs with greater distance. Also there 

IS NO appreciable difference between the TN:N and CI:Cl ratios indicating that no 

denitrification occurs. However, after the installation of the RSF the Cl:Cl ratios 

indicate that it did not behave the same as nitrogen. The discrepancy in the Cl:Cl 

ratio before and after the installation of the RSF system results from the influence 
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of the up-gradient chloride concentrations and the change seen in Dosing Chamber 

#2. Unfortunately, an adjustment for the up-gradient concentrations cannot be 

made since the chloride concentrations immediately up-gradient are not known. 

Table 4.43 TN:Nitrate-N (TN:N) and Chloride to Chloride (CI:Cl) ratios for before and after 
the installation of the RSF in wells DGE (1-4) and DGW (1-4) at Site #2, 1992 to 1995. 

| Total Nitrogen : Nitrate (TN:N) 
Well Before RSF After(1) =| —_After (2) After (3) 
DGE 1-4 1.3 
DGW 1-4 1.4 

. Chloride : Chloride (CI:Cl) | 
el Before RSF | After (1) | After (2) | After(3) 

DGE 1-4 07 © | 0.9 a 
DGW 1-4 0.9 0.9 1.1 

Before RSF 11/15/90 - 10/20/92 | 
After (1) 1/4/93 - 9/30/93 
After (2) 2/18/94 - 8/23/94 | 
After (3) 9/23/94 - 6/29/95 | ee 

Inspection of the TN:N ratios (Table 4.43) indicates that it reacted the same 

_ Way before and after the RSF in periods (2) and (3). The TN:N ratio is less during 

after period (1) than before the RSF, reflecting that the down-gradient nitrate-N 

concentrations were greater than the TN concentrations applied to the mound 

System. This could be the result of nitrogen being released from storage in the soil oe 

absorption system as BODs loading was reduced by secondary treatment in the 

RSF; similar results were seen at Site #1. Any release of nitrogen from storage in 

the soil absorption system resulting from the installation of the RSF cannot be 

quantified since the amount of dilution/mixing cannot be determined. | 

| If it is assumed that the dilution/mixing factor did not significantly change 

after the installation of the RSF, then it can also be assumed that nitrogen and 
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| 

chloride behaved the same both before and after the installation of the RSF. 

Making this assumption enables a comparison of the nitrate-N to chloride (N:Cl) 

| ratios before and after the installation of the RSF (Table 4.42). A reduction in the 

N:Cl ratio between the before and after periods is due to nitrogen removal by the 

RSF system. There is no appreciable difference between the N:Cli ratios applied to 

the mound system and those seen in the down-gradient monitoring wells. This has 

two implications: 1) no significant release or removal of nitrogen occurred in the soil 

absorption system or groundwater, and 2) the discrepancy caused by the elevated 

chloride concentrations did not have a significant effect on the nitrate and chloride 

ratio. | 

The effectiveness of the RSF in reducing nitrogen loading to groundwater | 

can be determined by observation of the N:Cl ratios. These were determined for 

the average concentrations applied to the mound system and in wells DGE 1-4, 

DGE V or v2, and DGW 1-4 (Table 4.42). A decrease in the N:Cl ratio between the 

before and after periods is due to denitrification by the RSF system. The N:Cl ratio 

_ before the system was installed was 1.2, after the system was installed the ratio 

was reduced to 0.6, 0.2, and 0.3 in the down-gradient wells, a reduction of 64 to . 

77%. The reductions seen in the groundwater are similar to the reductions seen by 

the different levels of treatment achieved in the RSF for the various flow conditions 

used. The average TN removal determined from all the study periods at Site #2 

was 70% (range 29 to 90%). 
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. 4.273 Phosphate | 

The original mound system at Site #2 was installed in 1983. The average 

hydraulic loading to the system from December 1991 to June 1995 was 1,337 Ipd 

| (range 596 to 3,090 Ipd) [353 gpd (range 157 to 816 gpd).]. Wells DGE are DGW 

| are 10.5 m (34 ft) and 13.5 m (44 ft), respectively, down-gradient of the mound 

system. Table 4.44 shows the ranges and average phosphate concentrations ( mg/I 

POs") for all depths of wells DGE, DGW, and the up-gradient well SNINEW for all 

sample dates between July 9, 1993 and June 29, 1995. 

| Table 4.44 Ranges and average phosphate concentrations for all depths and sample dates 
of wells DGE 1 - 4, DGW 1- 4, and up-gradient well SNINEW from July 9, 
1993 to June 8, 1995 at Site #2. : 

| PO.* (mg/l) 
Well | Min Max. Average 

DGW 1-4 0.003 0.200 0.010 
SNINEW 0.002 < 0.016 0.005 

The average concentration of TP pumped from Dosing Chamber #2 to the | 

mound system during this same time period was 2.71 mg/l. The average 

phosphate concentrations seen in wells DGE 1-4 and DGW 1-4 are much lower than 

the concentrations of TP in Dosing Chamber #2, indicating removal in the soil | 

absorption system and in the volumes of soil between the mound system and the 

down-gradient wells. Thus, unlike the similarly aged soil absorption system at the 

pervious site, breakthrough of phosphate has not yet occurred at 10.5 or 13.5 m 

down-gradient of the soil absorption system at Site #2. However, there were no 
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monitoring wells located 4.9 m (16 ft) down-gradient of the soil absorption system _— 

at Site #2 as there were at Site #1. 

4.274 Volatile Organic Chemicals 

Samples were collected from either well DGE V or DGE V2 on five occasions 

between October 1993, and June 1995. Samples collected were representative of | 

water table levels within the screened intervals. No VOCs were detected above the 

limits of quantitation by EPA method 8021 on four of the five sample dates. 

| On May 19, 1995 7.3 pg/L of 1,1,1-trichloroethane and 1.7 pg/L of o- 

xylene/styrene were detected in the sample from well DGE V2. However, 3.4 pg/L 

of 1,1,1-trichloroethane, and 1.3 pg/L of naphthalene were detected in the ‘trip 

blank’ carried along with the samples. This indicates that the sample may have 

been contaminated during handling or transport. 

No VOCs were detected in either well DGE V2 or the ‘trip blank’ on June 29, 

1995 the final date on which samples were obtained. Excluding the data for the 

sample collected on May 19, 1995, it appears that either the mound system or the 

unsaturated soil beneath the mound system was effective at removing any VOCs | 

that were not removed by the sand filter. . 
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9. SUMMARY OF EFFLUENT TREATMENT BY RSF SYSTEMS 

5.1 Study Site #1 | 

_ Despite the problems with partial clogging of the gravity intake during part of 

the study, useful data was generated at this site. 

The hydraulic loading rates (HLR) used at Site #1 ranged between 8 and 56 

cm/day (2 and 14 gpd/ft’). The sand filter ratios (SFR) used to achieve these 

loading rates tanged between 2.9 and 8.70. The septic tank ratios (STR) used 

ranged between 0.0 and 5.50. Table 5.1 shows the percent removal of BODs, 

COD, TP, and TN achieved by the various flow conditions for the RSF system at 

Site #1. 

Table 5.1 Average, minimum, and maximum percent removal of BODs, COD, TP, and TN 
achieved by the various flow conditions at Site #1. | 

Percent Removal 

poet Orge | Ving | Max. 
BODs 94 81 99 
COD 88 82 97 
TP 35 5 74 
TN 76 49 93 

BODs and COD removal was rather high, despite the variations in the amount : 

of effluent applied to the top of the sand filter, averaging 94 and 88%, 

respectively. TP removal was highly variable (5 to 74%) reflecting changes in the 

household concentrations and the adsorptive Capacity of the sand filter media. If 

phosphorous removal is desired, different sand filter media should be selected to 

achieve better removal than was found in this Study. 

| Nitrogen is attenuated through nitrification in the sand filter followed by 

denitrification, in either the saturated rock storage unit of the RSF or in the septic. 

tank. More nitrogen was removed in the rock Storage unit of the RSF (48%) than in 
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the septic tank (28%). Some variations in nitrogen attenuation were caused by 

temperature, carbon availability, and dissolved oxygen levels. Nitrogen removal | 

was not significantly affected, despite conditions that were unfavorable for 

complete denitrification. TN removal by the RSF system averaged 76% (range 49 

to 93%). Clogging of the gravity distribution system resulted in bypass of the 

system during some study periods; this created some uncertainty in the 

concentrations being applied to the soil absorption system. A maximum removal of 

84% occurred when no effluent bypassed the sand filter. This removal was 

| achieved with an average water usage (Q) of 339 Ipd (105 gpd), an SFR of 8.10, 

an HLR of 50 cm/day (4.8 gpd/ft?), an STR of 3.00, and an HRT of 2 days. Of the 

44.1 grams/day of nitrogen generated in the household only 7.2 grams/day were 

applied to the drainfield. | | 

The conversion of NH«*-N to nitrate-N was 90% complete, with an SFR of 

3.50 (HLR 25 cm/day). Loading rates higher than 3.50 did not convert 

substantially more NH4*-N. While higher STRs resulted in conditions unfavorable 

for denitrification in the septic tank, the overall system performance was not | 

affected since the sand filter removed a higher percentage of nitrogen than the — 

septic tank. 

| Nitrate-N concentrations in the down-gradient monitoring wells adjacent to 

the soil absorption system were reduced by an average of 53%. If bypass of the 

system had not occurred, the reductions in the groundwater concentrations would 

have reflected the nitrogen attenuation by the RSF system. Due to dilution/mixing 

with groundwater, concentrations in down-gradient monitoring wells were 
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approximately half of the concentrations being discharged. Nitrogen was not 

attenuated in the soil absorption system or groundwater. Nitrate-N concentrations 

at 38.1 meters (125 ft) down-gradient of the soil absorption system were further 

diluted than those seen adjacent to the soil absorption system. Before the 

installation of the RSF twelve ports exceeded the 10 mg/l nitrate-N standard; only , | 

two ports exceeded the nitrate-N standard after the installation of the RSF system. 

If bypass of the RSF system had not occurred, it would be expected that no 

shallow groundwater samples would have exceeded 10 mg/l at this distance down- 

gradient. i 

| Phosphate breakthrough at 4.9 meters (16 ft) down-gradient of the soil 

absorption system occurred after approximately 12 years of usage with an average 

hydraulic loading of 378.5 Ipd (100 gpd). | 

| Toluene and sec-butyl benzene were the most frequently detected VOCs in 

| the septic tank at Site #1. Concentrations were reduced by an average of 91% in 

the RSF, indicating physical and biological attenuation in the RSF. In general, VOCs 

were not completely removed at this site since the water usage and loading rates 

were relatively low. No VOCs were detected in the groundwater, indicating 

attenuation in the soil absorption system or in the unsaturated soil beneath the soil 

absorption system. | | 

5.2 Study Site #2 

This site used a pump in a sewage ejector pit to deliver septic tank effluent 

to the top of the sand filter. This design resulted in fewer problems than the design 

| 
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at Site #1 . Water use at this site was greater than at Site #1, resulting in more 

dilute household effluent concentrations. | 

The hydraulic loading rates used at Site #2 ranged between 21 and 196 | 

cm/day (5 and 48 gpd/ft’). The SFRs used to achieve these loading rates ranged 

between 1.0 and 15.90. The STRs used ranged between 0.0 and 7.90. Table 5.2 

shows the percent removals of BODs, COD, TP, and TN achieved by the various 

flow conditions for the RSF system at Site #2. 

Table 5.2 Average, minimum, and maximum percent removal of BODs, COD, TP, and TN 
| achieved by the various flow conditions at Site #2. 

Percent Removal 

aces ee OF AGE_ Se |, , CR 
BODs 95 79 99 
COD 88 60 96 
TP 42 18 70 | TN 70 29 91 , 

BODs and COD removal was rather high, despite the variations in the amount 

_ Of effluent applied to the top of the RSF: they averaged 95 and 88%, respectively. 

TP removal is again variable (18 to 70%), yet the average removal of 42% is higher 

than the removal seen at Site #1 due to the higher water usage and higher loading 

| rates. 

Nitrogen attenuation at Site #2 was achieved through the same processes as 

at Site #1. One significant difference at Site #2 was that temperature did not have 

an effect on nitrogen removal since levels were above the minimum level required 

for nitrification and denitrification. Some variation in nitrogen attenuation occurred | 

due to carbon availability and dissolved oxygen levels. No problems of system 

bypass were encountered at Site #2. Again, more nitrogen was removed in the. 

sand filter (48%) than in the septic tank (22%). The maximum removal of nitrogen 
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was 91%. This removal was achieved with an average water usage of 804 Ipd 

(212 gpd), an SFR of 15.90, an HLR of 196 cm/day (48 gpd/ft2), an STR of 7.90, 

and an HRT of 0.5 days. Of the 26.4 grams/day of nitrogen generated in the 

household, only 2.4 grams/day were applied to the mound system. These loading | 

rates are relatively high and require a high amount of energy. SFRs around 8.50 or | 

an HLR of 100 cm/day (24 gpd/ft2) would still achieve approximately 85% removal. 

and are probably a more realistic goal for nitrogen removal by RSF systems since 

less energy input is required. {t should be noted that higher loading rates were 

required to achieve results similar to those seen at Site #1 because the effluent 

was more dilute, reflecting the higher water usage at Site #2. 

The conversion of NH«*-N to nitrate-N was 90% complete with as SFR of 

6.00 (HLR 100 cm/day). Loading rates greater than 6.0Q did not result in greater 

: conversion and did not merit the additional energy input. Higher septic tank ratios 

may have effected the degree of denitrification in the septic tank due to aerobic | 

conditions and decreased carbon availability. However, the overall system 

performance was not affected, as a higher percentage of nitrogen was removed in | 

, | the sand filter. These problems seemed to arise at septic tank ratios exceeding 

4.0Q, the ratio should be limited to eliminate similar problems. 

Nitrate-N concentrations in the down-gradient monitoring wells were reduced 

an average of 73% by nitrogen attenuation in the RSF system. No attenuation of 

nitrogen occurred in the mound system or groundwater. While nitrate-N 

concentrations were generally near or below the 10 mg/l standard, it should be 

noted that the effluent at this site was relatively dilute due to the high water usage 
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by the residents. Variations in water usage between different homes should be 

considered in efforts made to require nitrogen removal from on-site sewage disposal 

systems. a 

The number and concentrations of the VOC species detected were greatest | 

in Dosing Chamber #1 and reduced in the RSF and Dosing Chamber #2. This 

indicates physical and biological attenuation of VOCs in the RSF. The most 

frequently detected compound in Dosing Chamber #1 was 1-4, dichlorobenzene. 

The RSF system removed 71 to 100% of the 1-4, dichlorobenzene prior to 

discharge to the mound system. Complete attenuation of non-chlorinated VOCs 

was achieved by the RSF system. VOC attenuation was more complete at Site #2 

because the water usage and loading rates were higher. No VOCs were detected in 

the groundwater at Site #2, implying attenuation in the mound system or in 

unsaturated soil beneath the mound system. | 

5.3 Optimal Flow Conditions | 

Table 5.3 summarizes the flow conditions that achieved approximately 85% 

nitrogen removal by the RSF systems at Sites #1 and #2. Higher loading rates did 

achieve better nitrogen removal but, the author believes they do not merit the 

additional energy invested. It is difficult to make a direct comparison of the flow 

ratios at the two sites for two reasons: 1) the household water usage is higher and 

the initial application of effluent to the top instead of the bottom of the sand filter 

caused the HLR rate to be higher at Site #2, and 2) the HLR tate was lower at Site 

#1 since the water usage was less and the initial application of effluent was made 

to the bottom of the RSF. : 
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Table 5.3 Comparison of study sites with flow conditions that will achieve approximately 
85% removal of nitrogen. . 

| | SFR 8.10 8.50 
HLR cm/day (gpd/ft?) 50 (4.8) 100 (24) 

STR 3.00 3.50 
| HRT days 2 1 

The SFR that will achieve approximately 85% removal of nitrogen is 

between 8.1 and 8.5Q. The HLR used to achieve this removal is between 50 and 

100 cm/day (4.8 and 24 gpd/ft?) and is variable due to differences in water usage 

and the method of initial application of effluent to the RSF. 

| The amount of effluent recycled to the septic tank should be limited to about 

3.0Q. This will help to alleviate incomplete denitrification in the septic tank by 

maintaining anaerobic conditions and a sufficient carbon supply. | 
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6. CONCLUSIONS and RECOMMENDATIONS 

The following conclusions and design recommendations can be drawn from this 

research. 

1) RSF systems can achieve up to 90 percent total nitrogen removal using 

relatively simple pump and flow regulation equipment. 

2) Temperature did not appear to severely limit nitrification and denitrification 

despite the relatively cold temperatures observed. These systems could be 

utilized for nitrogen removal in Wisconsin. | 

3) The saturated rock storage unit of the RSF proved to be very effective at 

nitrogen removal; in fact it removed a higher percentage of nitrogen than did 

the recirculation to the septic tank. Systems aimed at nitrogen: removal 

should include a sand filter that has a saturated rock storage unit. 

4) The limestone storage unit appears to be able to maintain a pH near 7.0 

within the wastewater, thus canceling the effect of nitrification on poorly 

| buffered wastewater. | 

5) The method of applying septic tank effluent to the top of the RSF proved to 

: be more reliable than the gravity distribution method to the bottom of the 

| sand filter. Application of effluent should be made to the top of the RSF | 

from a separate tank which incorporates a screened pump vault. oe 

6) Applying effluent to the top of the RSF resulted in the development of a 

biological mat after approximately one year of operation. The mat was 

raked and did not redevelop over the next year and a half of monitoring. The 

laterals of the distribution systems required cleaning approximately once 

each year. This demonstrates that some type of routine maintenance would 

be required with these type of systems. | 

| 7) The pump chamber of the RSF should be screened to keep any sand or other | 

solids from damaging the pump or clogging the orifices of either the flow 

control ‘valves’ or in distribution system laterals. 

8) Sand filter ratios (SFR) between three and six times the daily water usage to 
the top of the sand filter resulted in 90% conversion of NH«4*-N to nitrate-N. 

9g) An SFR approximately eight times the daily water usage achieved 85% total 

nitrogen removal. The author believes this to be the most practical removal 

| | for RSF systems based on energy costs of $45.00 per year at $0.07/KWhr. 
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10) The amount of effluent recycled to the septic tank from the RSF should be 
limited to three times the daily water usage to ensure compete 
denitrification. 

11) ~The utilization of the septic tank as a carbon source was not always 
effective at promoting complete denitrification, especially when the loading 
rates to the septic tank from the sand filter were relatively high, resulting in 
dilution of the BODs in the septic tank. Denitrification systems may require : 

| separate tanks to serve as a denitrification site. This would increase the 
monetary and space requirements of these systems. | 

12) | RSF systems should be monitored once every six months to ensure that they 
| are maintained to function properly. 

13) A float style warning mechanism must be incorporated into RSF systems to | 
alert homeowners of system failures. | 

14) These systems remove significant amounts of nitrogen and reduce 
groundwater nitrate-N impacts. Groundwater concentrations were reduced 
by an average of 73%. The reduction would have been greater if the 
systems had been operated at their optimal performance. 

15) Phosphate breakthrough at 4.9 meters down-gradient of the conventional 
soil absorption system occurred after approximately 12 years of usage with 
an average hydraulic loading of 100 gallons/day. 

16) Toluene, sec-butylbenzene, and 1-4-dichlorobenzene were the most 
frequently detected VOCs in the septic tanks. The RSF system is successful 

: at reducing the VOCs being applied to the soil absorption systems. The 
unsaturated soil beneath the soil absorption systems removed any VOCs 
which were not removed by the RSF system. 

17) RSF systems produce a high quality effluent with significantly reduced 
amounts of; solids, fecal coliforms, organic matter, and nitrogen (when 
incorporating denitrification). These abilities of a denitrifying RSF can help to 
lengthen the life-span of soil absorption systems and protect groundwater 
quality. 
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