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Dear Mr. Keener:

As follow up to the inquiries at the BOCC Workshops addressing the issue of how
much nutrient loading may be reaching the receiving waters/harbor as a result of
septic tanks, the attached technical memorandum has been prepared. As discussed in
the document, the methodology currently applied to the Port Charlotte Phase I sewer
expansion area is similar to that which was utilized by the Sarasota Bay National
Estuary Program (NEP). The first order loading reduction rate has been assumed to
be similar to that which was established for the Sarasota Bay study as a conservative
and reasonable estimate.

The estimated total average annual loadings from septic tanks to receiving waters
include the sum of the loadings from the failing and the working septic tanks.
Estimated total loadings average annual are presented in Table 1. Under present
conditions, the loadings range from 39,400 to 122,100 lb/yr for total nitrogen (TN)
and 3,600 to 7,500 Ib/yr for total phosphorus (TP). The loadings for the year 2000
are roughly twice as high, ranging from 75,300 to 231,600 Ib/yr for TN and 5,600 to
13,200 Ib/yr for TP.

This pollutant loading effort associated with septic tanks proved useful in coordination
with the ongoing SWIM Program which the Southwest Florida Water Manageinent
District (SWFWMD). A total nutrient budget on a "watershed basis” is being
prepared by SWFWMD and septic tank loadings is one aspect which is being
considered. This information should be consistent with previous documents which
CDM has relied upon throughout the consideration of the Phase I expansion program.
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Alternative methods of wastewater treatments would result in lower pollutant loadings
to receiving waters and Charlotte Harbor. The Phase I project proposes to provide
central sewer systems by the year 2000 to areas that are presently served by septic
tanks. The collected wastewater will be properly treated to reuse levels and then used
for residential lawn irrigation. The report summary on page 10 states:

Estimates of current (year 1992) and future (year 2000) annual average
septic tank loadings of total nitrogen (TN) and total phosphorus (TP) are
developed, using a methodology applied previously for the Sarasota Bay
National Estuary Program. Loading estimates are developed for both
failing septic tanks and for working septic tanks, assuming a range of
septic tank failure rates. Because the discharge concentrations from septic
tanks are quite high relative to other methods of wastewater treatment, the
mass loadings are significant. Other wastewater treatment and disposal
methods such as reuse, after installation of central sewer and wastewater
treatment facilities, would reduce the nutrient loadings to receiving waters
by about 75 to 90 percent.

Also, an independent "peer review" was conducted of this draft document with
individuals such as Hans Zarbock, Coastal Engineering (SWIM Program Consultant);
Dr. David Tomasko, Sarasota Bay NEP; Mr. Jerry Kuehn, Ardaman & Associates
and Mr. Stephen Torchia. Giffels-Webster Engineers. Inc. per our request. Each
reviewers comments are enclosed for your use in addition to a memorandum
responding to the professional inquiries.

If there are any questions, please do not hesitate to contact me or Mr. Robert
Matthews regarding this subject.

Very truly vours,
fQE)D
e

S. John Calise, P.E.
Vice President

SER & McKEE INC.

cc::  Dave Waldie, CCU Magali Kain, CCU
Phil Boller, CCU Rod Merritt, CCU
Greg Thornburgh, CCU CDM Team
Laurie Case, CCU Mike Heyl, CDM

Richard Wagner, CDM
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TECHNICAL MEMORANDUM

SEPTIC TANK NUTRIENT LOADINGS REACHING RECEIVING WATERS
PORT CHARLOTTE PHASE I WASTEWATER EXPANSION AREA

DOC #94-33

INTRODUCTION

Total nitrogen (TN) and total phosphorus (TP) loadings from septic tanks in the Port Charlotte
Phase I service area are estimated from existing data. The loadings are estimated using the
methodology applied previously for the Sarasota Bay National Estuary Program (SBNEP) study
(CDM, 1992a; CDM, 1992b). Results are generated assuming current (year 1992) and projected
future (year 2000) septic tank proliferation. An overview of the methodology, the data valtues
used to analyze the Port Charlotte study area, and the results are provided below.,

METHODOLOGY

The methodology used to assess the septic tank loadings that reach receiving waters incorporates
the following considerations:
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The discharge from septic tanks can be characterized by a flow rate and a
constituent concentration. The product of these data is the septic tank loading to
the soil.

Some of the loading will be removed before the septic tank discharge reaches the
water table, due to physical, biological or chemical processes.

A percentage of the septic tanks in the study area are "failing”. Generally, failing
septic tanks are characterized by discharges that do not receive adequate
treatment. Failures may be caused by clogging of the soil infiltration zone, high
water table, direct connection with receiving waters (rather than infiltration), and
overloading of the septic tank with respect to the design.

"Working" septic tanks are characterized by discharges that enter the surficial
aquifer after migrating through 2 feet or more of unsaturated soil. The effluent
then moves laterally toward the receiving water, with significant travel times 10
the receiving water. Typical velocities in the surficial aquifer of the study area
are expected to be on the order of 0.1 ft/day or less. Depending upon the



distance of the septic tank from the receiving water, the travel time for working
septic tanks may range from months to years.

= As the septic tank discharge travels laterally through the surficial aquifer, the
mass of constituent may be reduced through physical, chemical or biological
processes. In many studies, a first-order decay rate is assumed to represent the
foss of mass over time. The assumption of first-order removal is used in this
septic tank loading analysis.

= Because of the substantial travel times through the surficial aquifer and the
assumption of first-order constituent decay, the constituent mass that reaches the
receiving water from a failing septic tank is expected to be greater than the
constituent mass from a septic tank that is functioning properly.

SEPTIC TANK DISCHARGES

Septic tank discharge rates in the Phase I study area have been estimated previously (CDM,
1994). As of 1992, it is estimated that 2.48 million gallons per day (mgd) of residential
wastewater and 0.64 mgd of commercial wastewater are generated from septic tanks in the study
area, for a total of 3.12 mgd. The residential estimate is based on a total of 14,400 unsewered
and developed residential lots, assuming a per capita flow rate of 75 gallons per day and 2.3
persons per residential connection. Comimnercial flow estimates are based on a flow rate of 1,500
gallons per day per acre of commercial area. For the year 2000, the estimated wastewater flow
rates (assuming that new development will use septic tanks) are 4.21 mgd for residential uses
and 1.69 mgd for commercial uses, for a total of 5.90 mgd. The year 2000 flow represents an
89 percent increase over the vear 1992 flow.

Values of TN and TP concentrations for septic tank discharges are established based on the
Sarasota Bay NEP study as well as several recent monitoring studies (Anderson, 1990; Ayres.
1993). Inthe NEP study, an extensive literature review was conducied to determine septic tank
effluent characteristics and groundwater concentrations near the water table at septic tank sites.
The results indicated that while most effluent TN concentrations ranged between 40 and 80 mg/1,
and TP concentrations ranged between 4 and 16 mg/l, values as high as 125 mg/l and 90 mg/1
respectively were recorded. Values of 78 mg/l for TN and 15 mg/l for TP are selected as
tvpical effluent concentrations at the drainfield. However, the literature also showed that
groundwater concentrations near the water table were less than the average effluent
concentrations, indicating that some of the TN and TP is removed as the effluent percolates
downward to the water table. Based on groundwater monitoring data, it was assumed that the
concentrations of TN and TP after percolation to the water table are 39 mg/l and 2 mg/l.
respectively. This corresponds to 50 percent removal of TN and about _90 percent removal qf
TP during percolation to the water table. These values are consistent with the values found in

the literature.
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The sum of loadings from septic tanks consists of the loadings from properly functioning and
"failed" septic tanks. In some cases, septic tanks may function properly for a portion of the year
(e.g., dry season), and provide reduced treatment during other parts of the year (e.g., wet
season) when the seasonal high groundwater encroaches on, or inundates the drainfield. This
is particularly probable for systems installed prior to 1983 because the state requirements at that
time did not require the two foot of unsaturated soil required for proper treatment.

On the other hand, there are some tanks which are chronic failures and never provide
satisfactory treatment. The loadings from seasonal failures, chronic failures and septic tanks
which function properly year round were estimated separately, as described in this
memorandum. The total discharge from septic tanks consists of contributions from the
following: septic tanks that are working properly, septic tanks that have seasonal failure and
septic tanks that are in a chronic state of failure.

Working Septic Tanks

Figure 1 presents a schematic representation of groundwater flow that was used in the septic tank
loading analysis. As shown in the figure, the model assumes that the surficial aquifer receives
inflows from infiltrating stormwater and septic tank loadings. These inflows are routed laterally
through the surficial aquifer, and then discharged into a canal or stream.

The analysis, which is conducted using a LOTUS 1-2-3 spreadsheet, assumes that septic tank
TN and TP loadings that reach the surficial aquifer will be reduced as the loading travel laterally
through the surficial aquifer. This reduction is represented as a first-order relationship which
relates the loading reduction to the travel time within the surficial aquifer. Therefore, the
methodology must include some calculation that can estimate lateral veloctties in the aquifer.

The velocity at any point in the aquifer will depend upon the flow rate, the thickness of saturated

flow, and the porosity of the aquifer. The basic equation is

_ ay
Vx" 85,400 (T,) (p) (1)

where
V, = Groundwater velocity at distance x from stream/canal (ft/d)
q. = Groundwater flow rate at distance x (cfs per foot of width)
T, = Thickness of groundwater flow (ft)
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Surficial Aquifer Flow to Receiving Stream
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H

P Porosity (dimensionless), ratio of soil voids volume to total volume

86,400 = Number of seconds in one day

Values of 7, = 100 feet and p = 0.30 are established based on a Southwest Florida Water
Management District report (SWFWMD, 1988), and local experience. These values are
generally assumed to be constant within the study area. However, as the groundwater flow
approaches the canal or stream, the thickness of flow will approach a value equal to the stream
or canal depth, which may be significantly less than the standard assumption of aquifer
thickness. Thus, the value of T, is adjusted to account for the reduction in flow thickness.

The equation used for the adjustment is

T.=/ (T,°— (Ty+x-L) %) (2)

where x and L are distances as shown in Figure 1. This equation is based on the lowest flowline
following a circular path from the bottom of the surficial aquifer up to the centerline of the
stream or canal, and is applied only when the value of L-x is less than the value of T,

The value of g, is the sum of the infiltration flow g, and the septic tank discharge flow ¢,, which
is applied over the upgradient area (i.e., over the distance x). The infiltration flow g, represents
the groundwater contribution from the canal or stream drainage area. In the Sarasota Bay NEP
study, a groundwater recharge rate of 6.6 inches per year was estimated for undeveloped land,
based on analysis of long-term rainfall records and long-term flows from the Myakka and
Manatee Rivers. Assuming that development results in impervious areas that will reduce the
amount of rainfall infiltration and associated groundwater flow, the value of 6.6 inches is
adjusted downward to reflect the groundwater flow in the Port Charlotte study area.

Values of infiltration flow are calculated for both the present and future conditions. Assuming
that about 50 percent of the study area is currently developed (CDM, 1994), and that the overalt
value of directly connected impervious area (DCIA) in the developed areas is 40 percent, the
recharge rate for present conditions is reduced by 20 percent, yielding a value of 5,28 inches
per year for present (year 1992) conditions. For the year 2000 analysis, it is assumed that due
to the increased development and the resulting increase in DCIA, the present recharge rate is
reduced by 50 percent. Under those assumptions, a value of 3.30 inches is calculated for
infiltration flow.

Similarly, the septic tank discharge rate g, is calculated for both present and future conditions.
For the present conditions, the annual flow rate of 3.12 mgd is distributed over the total Phase
I study area (22.5 square miles) to yield a rate of 2.91 inches per year. To be conservative, it
is assumed that all of the septic tank discharge flow will percolate to the surficial aqu}fer and
travel to the receiving stream or canal. It is possible, however, that some of the discharge
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would be lost to evapotranspiration, thus reducing the flow rate in the aquifer. For future
conditions, the annual flow rate of 5.90 mgd corresponds to a rate of 5.50 inches per year.

The total recharge rate for future conditions will be greater than for existing conditions, and will
have a greater percentage attributed to septic tank discharges. For the present condition, the
sum of the infiltration and septic tank flows is 8.19 inches per year, with 36 percent attributed
to septic tanks. In contrast, the future combined flow rate is 9.20 inches, an increase of 12
percent over present conditions. In addition, 64 percent of the future recharge rate is attributed
to septic tanks, as compared to 36 percent for present conditions.

Whereas rainfall infiltration into the aquifer is applied uniformly across the distance L, the septic
tank discharge is applied uniformly between x = 0 and x = (L-M). The distance M represents
the assumed minimum setback distance for septic tanks, based on local or state regulations.
Since December 1982, the setback requirement for septic tanks in Florida has been 75 feet.
However, the minimum setback distance prior to December 1982 was 50 feet, and the lower
value was applicable to lots that were platted prior to December 1982, even if the septic tank
was built after the new setback distance was established. Consequently, many septic systems
in the study area are less than 75 feet from canals and streams. To be conservative, a value of

50 feet is assumed for M.

Within the spreadsheet, the flow values are used to calculate values of v,, at increments of 10
feet, from the stream/canal out to a distance L, which is the maximum average distance from
the land area to the stream/canal. The value of L is estimated using data from Figure 2, which
shows both the major stream/canal systems and the land areas within the Phase I study area.
The following equation is used:

L=A
28
where
L = average maximum groundwater flow distance (ft)
A = total land area within the Phase I study area (sq ft)

total length of receiving water (streams, canals, rivers) in study area (f1)

tn
i

From Figure 2, the established values for A and S are 22.5 square miles (6.27 x 10 square feet)
and 34.4 miles (182,000 feet), respectively. By Equation 2, an average maximum flow distance
of 1,723 feet is calculated. A rounded value of 1,700 feet is used as the value of L in the

analysis.
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The maximum travel time from the distance L to the stream or canal is determined by
determining the travel time between each 10-foot increment represented in the spreadsheet, and

then summing these travel times. The travel time between two consecutive locations is
calculated as

10
Tx. x+10- 5 T v
Vx+ Vx+1 0 J ( 3 )
2
where

Toviro = travel time from distance x to distance x+ 10 (days)
v, = velocity at distance x (ft/d)
Vicgg = velocity at distance x+ 10 (ft/d}

By developing travel time values at 10-foot increments, the travel time from any location to the
stream or canal can be determined. Furthermore, by applying the first-order load reduction
factor, the load reduction can be estimated for any load location, using equation 5:

P,=P,e *Tu: (4)
where
P, = loading after reduction within aquifer (Ib/day)
P, = loading from septic tank to aquifer (Ib/day)
k = first-order loading reduction rate (1/day)
T, = travel time between distance x and stream or canal (days)

Septic tank loadings to the aquifer are assumed to be uniform between a distance of M feet and
a distance of L feet from the stream or canal. Thus, the overall delivery of septic tank loadings
to the canal or stream is calculated in the spreadsheet as an average of the deliveries calculated
from all locations between M feet and L feet from the canal or stream.

The value of k was assigned based on the Sarasota Bay study. In that study, the value of k was
established based on instream TN monitoring data. For several instream water quality stations,
the point source and nonpoint source loadings from the tributary areas were .calculated, gnd the
difference between the measured instream loadings and the combined estimate of point and
nonpoint source loadings was attributed to septic tanks. The value of & was then adjusted such

CHWAPCI2.18
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that there was good agreement between the measured instream loading and the combination of
calculated point, nonpoint and septic tank loadings. A calibration value of k = 0.00055/day was
established in the Sarasota Bay study, and is used in the initial Port Charlotte loading estimates.

When the selected parameter values were applied in the analysis, the results indicated that
between 9 and 10 percent of the septic tank load reaching groundwater from properly functioning
septic tanks is expected to ultimately be discharged to receiving waters in the study area. For
present conditions, a value of 9.1 percent delivery is calculated using the spreadsheet method
described earlier. For future conditions, the value increases to 9.9 percent, because the
increased recharge rate results in higher groundwater velocities. The total loadings from septic
tanks which function properly year round are then estimated as the product of the percentage of
working septic tanks (75, 90 or 100%), the total septic tank effluent flow rate (3.12 mgd for
present and 5.90 mgd for future conditions), the septic tank effluent concentrations of TN and
TP reaching the water table, and the delivery rate based on travel time through the surficial
aquifer (9.1% for present conditions, 9.9% for future conditions).

Seasonal Failure Adjustment

The minimum technical standards for the construction of onsite sewage disposal svstems were
revised in December 1982. Revised Chapter 10D-6 of the Florida Administrative Code requires
a separation of at least 24 inches between the base of the drainfield and the water table even
during the wet season. This requirement increased the overall effectiveness of treating domestic
wastewater on site. An effort to determine the location and quantity of septic tanks in Charlotte
County construction prior to the 1983 requirement changes was undertaken in co-operation with
the department of Health and Rehabilitive Services (HRS). The following method was used to
identify the percentage of pre-1983 septic systems in the study area. A set of 1983 - Real Estate
Date. Inc (REDI) aerial photographs (taken in October of 1983) was used to locate pre-1983
improved properties within the proposed wastewater expansion area. The improved property
locations were then transfered to an aerial flown in December of 1993. In addition, information
contained on the 1983 REDI aerials was cross checked against a record of septic tank locations
provided by the HRS. Based on information compiled from this identification method, it was
determined that of the approximately 29,000 septic systems located within the Port Charlotte
MSBU boundaries nearly 50% were constructed prior to 1983.

For the working septic tank analysis, the concentrations of TN and TP reaching the water table
are adjusted to account for the fact that roughly half of the existing septic tanks were installed
before a two-foot unsaturated soil depth between the septic tank drainfield and the high water
table was required by regulations. It is assumed that the untreated concentrations of TN and TP
(i.e., 78 mg/l and 15 mg/l, respectively) are appropriate, during the wet season months of June
through September, for the septic tanks instalied prior to 1983 since the higher wet season
ground water levels would not provide 2 feet for nutrient removal during percolation. Half of
the septic tanks produce a TN concentration of 39 mg/l at the water table. The' other half
produces a 39 mg/l TN concentration for eight months, and a 7?» mg/1 concentration of total
nitrogen for four months of the year. Thus, the tanks experiencing seasopal failures ha.ve an
annual average concentration of 52 mg/l based on weighting the concentration as a ft}'r1ct10n‘of
season. Combining the calculated concentration for tanks experiencing .seasona-l failure with
the other 50 percent of the "working" septic tanks (at 39 mg/l) resuits in a weighted annual
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average concentration of 45.5 mg/1 total nitrogen. Therefore, the water table concentrations for
“working" septic tanks under present conditions are adjusted upward to 45.5 mg/1 and 4.17 mg/1
for TN and TP, respectively. For future conditions, the pre-1983 septic tank flows represent
26 percent of the total septic tank flow. Based on this value, the adjusted TN and TP
concentrations are 42.4 mg/l and 3.15 mg/l, respectively.

Failing Septic Tanks

There are several types of septic tank “failures”. Failures may be seasonai or chronic. Seasonal
failures can occur when the water table moves closer to the surface during the summer and less
than 24 inches of unsaturated soil exists between the drainfield and the water table. Aside from
the seasonal failures, three types of chronic failures may occur.

® Type 1 failure is when the water table is in the drainfield. Thus, there is no nutrient
loss in the unsaturated zone. However, nutrients are removed during travel through
the surficial aquifer. Based on the 9.1 percent delivery ratio for present conditions,
concentrations from a Type 1 failure are 7.1 mg/l and 1.4 mg/l for
TN and TP, respectively.

®  Type 2 failure is when infiltration through the 2-ft. unsaturated zone occurs (resulting
In nutrient removal), but there are no additional losses from groundwater movement.
This might occur at houses adjacent to surface water. Concentrations resulting from
Type 2 failure are 39 mg/! for TN and 2 mg/1 for TP.

®m Type 3 failure is when the drainfield is directly connected to a surface water body.
There is no reduction of nutrients due to percolation through the unsaturated zone or
movement through the aquifer. Concentrations resulting from a Type 3 failure are
78 mg/l and 15 mg/! for TN and TP, respectively.

Since the extent and duration of each type of failure could not be readily quantified, a single type
of failure i1s modeled. Type 1 failure produces the lowest loading while Type 3 results in the
highest loading. Type 2 is used for modeling since it represents intermediate conditions and is
used to represent the various types of failures that occur. Seasonal failures are addressed in the
analysis of working septic tanks described previously.

It 1s difficult and expensive to determine the exact percentage of septic tanks that are
experiencing chromic failure in the study area, so a range of failure rates is investigated. The
evaluated failure rates include the following:

L] 0 percent. This is the best-case hypothetical scenario, in which all septic tanks are
functioning properly except for those experiencing seasonal failure.

u 10 percent. This value is representative of the values that have typically been used
in other Florida studies such as the NEP study and the City of Jacksonville Master
Stormwater Management Plan study (CDM, 1992). In the Sarasota Bay stpdy, a
failure rate of 8 percent was assumed. This value compargd favorably with the
results of a septic tank survey conducted in J acksonville, Florida by the Department
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of Health and Rehabilitative Services. In the study, an inspection of more than 800
sites revealed about 90 violations, or a failure rate of 12 percent.

= 25 percent. This value represents a relatively high failure rate which may be
appropriate in the Phase I study area for several reasons. One is that the soils in the
study area are not considered conducive to septic tank use due to high water table
conditions. Another reason is that many of the existing septic tanks in the study area
were installed prior to the development of more stringent septic tank regulations
which took effect in December 1982. The old regulations did not require two feet
of unsaturated soil between the septic tank discharge and the high water table, which
is currently considered necessary for effective treatment.

The total loadings from the failing septic tanks are then estimated as the product of the
percentage of failing septic tanks (0, 10 or 25%), the total septic tank effluent flow rate (3.12
mgd for present and 5.90 mgd for future conditions), and the septic tank effluent concentrations
of TN and TP reaching the water table (TN = 39 mg/1, TP = 2 mg/1).

TOTAL SEPTIC TANK LOADING

The estimated total average annual loadings from septic tanks to receiving waters include the
sum of the loadings from the failing and the working septic tanks. Estimated average annual
total septic tank Ioadings to receiving waters are presented in Table 1. Under present conditions,
the loadings range from 39,400 to 122,100 lb/yr for TN and 3,600 to 7,500 lb/yr for TP. The
loadings for the year 2000 are roughly twice as high, ranging from 75,300 to 231,600 Ib/yr for
TN and 5,600 to 13,200 Ib/yr for TP.

Alternative methods of wastewater treatment would result in lower loadings to receiving waters
and Charlotte Harbor. The Phase I project proposes to provide central sewer systems to the
areas that are presently served by septic tanks. The collected wastewater will be treated and
then used for irrigation. The reclaimed water will have a TN concentration of approximately
10 mg/l. At this concentration and at typical residential irrigation rates (1.0 inch/week),
nitrogen Joadings on the order of 2.7 pounds per 1,000 square feet per year are expected. This
is approxmately 54 percent of the recommended application rate for nitrogen (3-7 pounds/1,000
square feet per year) for sod. As a result, most studies have assumed that 90-95 percent of the
nitrogen applied to well maintained lawns through reuse will be lost as uptake by the sod,
denitrification or adsorption to the soil. Of course, any nitrogen from reuse which migrates past
the effective root zone to the water table would be subject to the same attenuation as septic tank
effluent. An initial 50 percent reduction during infiltration to the water table can be expected
and then 9.1 percent of that remaining nitrogen would be expected to migrate laterally to

receiving waters and Charlotte Harbor.

One could argue that less than 0.5 percent of the nitrogen loading in properly applicdl reclairr}ed
water actually reaches surface water based on 90 percent crop uptake, S0 percent mﬁltratl'on
losses, and 9.1 percent lateral groundwater delivery. However, as a very conservative
comparison, it is assumed that the only losses in a reuse system are lateral groun@water josses.
Thus, the amount of material delivered to a receiving water frqm a reuse system is assgmed to
be 9.1 percent based on the delivery calculations for 1992 conditions. The equtvalent nirogen
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TABLE 1

NUTRIENT LOADINGS TO RECEIVING WATERS
FROM SEPTIC TANKS IN THE PORT CHARLOTTE STUDY AREA

SEPTIC
TANK SEPTIC TANK LOADING
FAILURE TO RECEIVING WATERS
LAND USE RATE (LB/YR)
SCENARIO (PERCENT) TOTAL N TOTAL P
Present (1992) 0 39,400 3,600
10 72,500 5,100
25 122,100 7,500
Year 2000 0 75,300 5,600
10 137,800 8,600
25 231,600 13,200
Assumptions:

1. Failing septic tank concentrations = 39 mg/l (total N), 2 mg/l (total P).
2. First-order decay of total N and total P as septic tank effluent

traveis through surficial aquifer to receiving waters.
3. Decay constant = 0.00055/day based on Sarasota Bay NEP analysis.
4. Aaquifer thickness = 100 ft, porosity = 0.3.

5. Average annual recharge to surficial aquifer due to stormwater infiltration =

5.28 inches per year (present), 3.30 inches per year (year 2000)
6. Average annual septic tank flow to surficial aquifer =
2.91 inches per year (present), 5.50 inches per year (year 2000)
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loading from a reuse system with an annual flow of 3.12 mgd is then 8,650 Ib/yr. Compared
to the calculated present septic tank loadings of 39,400 to 122,100 lb/yr, the reuse option
represents a TN loading reduction of 30,750 to 113,450 Ib/yr, which corresponds to a 78 to 93
percent reduction in TN loading from septic tanks to receiving waters. The benefits would be
similar under future conditions. Assuming that the reuse water will have a TN concentration
of 10 mg/l, and that the delivery ratio for TN will be 9.9% for future (year 2000) conditions,
the equivalent loading delivered to the receiving waters would be 17,800 1b/yr. Compared to
the calculated future septic tank loadings of 75,300 to 231,600 Ib/yr, the reuse option would
represent a TN loading reduction of 57,500 to 213,800 Ib/yr. Implementation of a reclaimed
water system corresponds to a 76 to 92 percent reduction in TN wastewater loading to receiving
waters.

SUMMARY

Estimates of current (year 1992) and future (year 2000) annual average septic tank loadings of
total nitrogen {TN) and total phosphorus (TP) are developed, using a methodology applied
previously for the Sarasota Bay National Estuary Program. Loading estimates are developed for
both failing septic tanks and for working septic tanks, assuming a range of septic tank failure
rates. Because the discharge concentrations from septic tanks are quite high relative to other
methods of wastewater treatment, the mass loadings are significant. Other wastewater treatment
and disposal methods such as reuse, after installation of central sewer and wastewater treatment
facilities, would reduce the nutrient loadings to receiving waters by about 75 to 90 percent.
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CAMP DRESSER & McKEE INC.

Memorandum

To: Dr. David Tomasko (SBNEF)
Mr. Hans Zarbock, P.E. (Coastal Envir.)
Mr. Jerry Kuehn, P.E. (Ardaman & Assoc.)
Mr. Steven Torchia (Giffels-Webster Engineers, Inc.)

From: S. John Calise
Date. August 10, 1994

Subject:  PEER REVIEW COMMENTS OF "DRAFT TECHNICAL
MEMORANDUM,
#94-33 Septic Tank Nutrient Loadings, Port Charlotte
Phase | Area”
CDM Project/DCN; 6073-110-RT-OSDS

First, I would like to thank all of the reviewers for their constructive comments. It is
encouraging to see that both the Charlotte Harbor SWIM estimates of unit loadings
from septic tanks and those in the present report are in substantial agreement.

[ would also like to take this opportunity to concur with, and expand upon one
reviewer's comments about the impactive nature of septic tanks on the fragile near-
shore environment. We agree that it would be a very myopic perspective to discount
the impact of septic tanks on the health of Charlotte Harbor based on a simple
comparison of loading values and associated percentage of total loadings. Septic tank
loads are pot distributed across the entire harbor as might be implied by simple
percentages. In fact, these loads are introduced primarily in near-shore waters and
often in poorly-flushed canals. The resultant eutrophication can affect critical habitats
such as sea grasses that cannot survive in deeper waters. Therefore, the degree of
environmental damage is obscured using comparisons as simple percentages.

RESPONSES TO SPECIFIC REVIEWER COMMENTS ARE PROVIDED BELOW:
Jerry Kuehn, P.E. - Ardaman & Associates.

The definition of a "failed” system could take several forms, and perhaps the failure
rate is much higher as indicated by the reviewer. As Mr. Kuehn suggests, a broad
definition is desirable. Moreover, as Mr. Kuehn implies in his discussion of seasonal
mounding, even OSDS which fully comply with the current ‘regllﬂat_ions may not
provide a full 24 inches of infiltration zone when moundmg is significant. Thus,
"failures” may be seasonal as well as chronic. Seasonal failures can occur \yhen the
water table moves closer to the surface during the summer and less than 24 inches of
unsaturated soil exists between the drainfield and the water table.
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Several definitions of "failures” were evaluated for purposes of the this report. Since
the extent and duration of each type of failure could not be readily quantified, a range
of reasonable failure rates were modeled. Aside from the seasonal failures, three
major types of failures were considered. In the first type, the drainfield was assumed
to be inundated with groundwater year round, and thus no treatment occurs as the
septic tank effluent infiltrates. Nitrogen losses in this case are restricted to those which
occur with lateral movement of groundwater. A second type of failure considered the
case when infiltration and resulting nutrient removal occurs but there are no losses
associated with lateral movement of groundwater. This may occur at homes located
adjacent to surface water (e.g. canal systems). In a third type of failure considered,
the drainfield is directly connected to receiving waterbody. This can occur as a
deliberate "straight pipe”, or surreptitiously where the effluent poois on the surface
and runs as overland flow to a lake, canal, stream or other waterbody.

CDM agrees that a range of groundwater velocities are possible. In general, CDM
assumed that the groundwater gradient followed the topography of the land and that a
slower velocity was representative of the study area at large. Undoubtedly, the
gradient (and thus the velocity) will be greater in some locations. [t should be noted
that the higher velocities described by Mr. Kuehn would result in much larger
loadings because the loss rate is a function of travel time, and thus velocity and
distance.

With regard to equation 3 which describes the methodology of determining
groundwater flow lengths, the initial description of the term "S" was taken from
stormwater modeling terminotogy, namely the SWMM runoff module. In stormwater
use, "S" is the length of streambank receiving runoff from the contributing uplands.
Since both sides contribute, in the draft report the term “S", the actual length used was
twice the stream length. In order to clarify this point, the definition of "S" has been
changed to reflect that fact that twice the stream length was used in the calculations.

As suggested, the description of percentage reduction in TN resulting from
implementation of the sewer/reuse program has been re-written to reflect basis of
comparison. In addition, the percentages noted in the Summary section have been
corrected to agree with those presented earlier in the text.

Dr. David Tomasko - Sarasota Bay National Estuary Program (SBNEP)

The effluent Total Nitrogen concentrations, both at the drainfield and at the interface
with groundwater, were taken from more recent summaries (see Ayres,_ 1993) that
were not available during the SBNEP evaluation. The range of values is fairly large,
and values as large as 125 mg/1 have been documented. Both the value used in tl}e
present study (78 mg/l) and the value used in the SBNEP study (60 mg/1) are typical.
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With regard to the page 9 comment, based on typical Charlotte County surficial
aquifer characteristics, an estimated 9.1 percent of the nitrogen introduced into the
groundwater (after infiltration) will migrate to receiving waters.

With regard to the comments relating to page 10, in order to estimate percentage
changes in loads requires that some form of alternate disposal be specified as a
reference. For example, if wastewater from a centralized facility is injected into a
deep well, then the change in loads delivered to Charlotte Harbor is equal to the
entire loading from the existing septic systems. On the other hand, if the wastewater
is collected, treated to Advanced Wastewater Treatment standards (AWT) as defined
in FS 403.086 and then discharged to surface waters, the reduction in loading is on
the order of 60 percent when comparing future flows at AWT (5.90 mgd @ 3.0
mg/l) to future septic tank loads at a 10 percent failure rate.  For purposes of the
present evaluation, advanced secondary treatment is used for urban reuse. The
reviewer’s comments (ref: page 11) with regard to putting the quoted reductions in
perspective have been addressed with clarifying text in the final report. The
percentages reported reference only the changes in nitrogen loading from septic
systems within the Port Charlotte Phase I service area. Stormwater, and other inputs
will be modelled under on-going SWIM projects by others, but will cover much
larger geographic segments.

With regard to movement of nitrate, it may be possible that the movement from
spring systems documented by SWFWMD may be the result of differences in
geologic formations which are conducive to the formation of spring systems. On the
other hand, surficial contamination resulting from agricultural activities has been
documented on watershed-wide scales in the mid-west. CDM concurs that both
extremes are probably occurring as a result of site-specific factors such as soil types.

The degree that nitrification and denitrification occur greatly impacts the movement.
This in turn may be governed by the organic content of the surficial soils as indicated
by the references provided by the reviewer. Because of these unknowns, the nitrogen
"decay” rates used by CDM in the present evaluation are empirical loss rates based
on observed data. Site specific refinements using a site in Charlotte County are
planned for the near future. The actual loss mechanisms include denttrification,
adsorption and bacterial uptake. CDM agrees that quantification of each mechanism
and pathway, including development of decay curves such as provided would be
useful, but such investigations are beyond the scope and needs of the present
wastewater collection program.

Mr. Hans Zarbock, P.E. - Coastal Environmental Inc.
Tten number 3 regarding percentage of failures. The 25 percent_failu.re rate was
chosen as a reasonable upper limit to failures, and was characterized in the report as

"relatively high”. Because the number and duration of failures (e.g. seasonal failures
vs. chronic failures) is unknown, a value of 25 percent was chosen to set an upper
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bound. Nearly 50 percent of the existing septic systems were constructed prior to
December, 1982 and are likely to have less than the currently required 24 inches of
unsaturated zone under the drainfield. In addition, the OSDS repair permits issued
for Casey Key in nearby Sarasota County suggests that 20 percent of the septic
systems on this barrier island were exhibiting noticeable failures. Thus, while the
actual number is unknown, the choice of 25 percent as an upper bound seems
reasonable.

Item number 4 questioned the use of the terminology "the area is nearly developed”
based on data provided in the Charlotte County 25 Year Water and Sewer Study by
Giffels-Webster, Inc. A copy of the draft technical memorandum was provided to
Mr. Stephen Torchia of Giffels-Webster Engineers, Inc. Mr. Torchia commented that
the existing dwelling unit count and future growth estimates are consistent with the
figures reported in the Charlotte County 25 Year Water and Sewer Study. The
increase in growth between 1992 and 2000 justifies increasing the value of directly
connected impervious area (DCIA) by ten (10) percent. The text has been revised to
remove the reference to the area being nearly developed since year 2000 conditions
are not expected to be near the build-out conditions.

Iten number 5. CDM agrees that the treatment level achieved is critical to the
comparison. The proposed treatment is advanced secondary. Similar facility designs
throughout Florida and specifically in Manatee County (North and Southeast
Subregional WWTP’s) have consistently produced effluent total nitrogen
concentrations on the order of 8 -12 mg/l. Thus, for this facility design, 10 mg/l is a
reasonable number.

Item number 6. CDM agrees fully with this comment. The difference between the
two normalized unit loads (Ibs/tank/year) is easily within the uncertainty limits of
either estimation, and the results are in substantial agreement. CDM also concurs
with the reviewer’s comments about the impacts resulting from near-shore
discharges, and how this makes septic tanks impacts potentially more significant
than average annual numbers or percentages.

In closing, Mr. Mike Heyl, Mr. Richard Wagner and I would once again like to
acknowledge and thank the reviewers for their time and constructive comments.

CHWAPCL] 36
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Mr. S. John Calise, P.E. WL
Camp, Dresser & McKee, Inc. EARTRS

20101 Peachland Blvd Suite 207

Port Chariotte, Fiarida 33954

Re: Review of Technical Memorandum dated June 21, 1994

Dear Mr. Calise:

i have reviewed the referenced document entitled " Pollutant Loading Estimates/Septic
Tank"”, and offer the following comments, as requested in your cover letter dated June

22.

| have reviewed this report both for general issues, and with respect to Coastal

Environmental, Inc.’s on-going watershed characterization project for SWIM.

1)

3)

The background information, including a general description of the issues and
processes of concern involved with siting, permitting, construction and
operation of septic tank systems is adequately presented. Much of this
information was taken from the report "Impact of Septic Tank Operations,
Charlotte County, Florida™ (CDM, 1994} and was originally developed for work
with Sarasota Bay National Estuary Program.

The assumptions that were made regarding water use rates, population
estimates, water quality characteristics, etc. appear to be appropriate and are
generally adequately expiained. However, you should be ready to make
available the referenced literature review if someone questions the general
statement "These values are consistent with the values found in the literature,”
as found on page 2.

Typical ranges of septic tank failure rates do fall within your range of 0-25%,
based on my experience. Septic tank inventories that | have worked on (in
Pasco and Citrus counties) suggest that failure rates of 5-15% are common in
similar coastal communities. Although the upper end of 25% may be high,
local conditions may produce that many non-functioning units, especially during
the wet season. !f the upper value is used for calculation purposes, some type
of verification of that failure rate may be called for.



S. John Calise, P.E.
July B, 1894
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4)

I’'m not as comfortable with the assumption for future conditions (circa 2000)
that "the area is nearly [totally] developed" (page 6 second paragraph). A
recent inventory of existing and projected future dwelling units in the Port
Charlotte area (Giffles-Webster, 1991) indicates that the total number of year
2000 dwelling units (57,831) will be greater than year 1992 dwelling units
(37,097) by only a factor of 1.56.

However, to illustrate the higher potential loadings from septic tank systems
under future conditions, you might want to include a "build-out condition"
scenario. The Giffles-Webster {1991} inventory indicates that there are
111,170 dwelling units (maximum permitted} that could thearetically be built
in the same area under current permitted conditions. This would represent the
"almost totelly developed"” scenario that you now call year 2000 conditions.

The reduction in ioading resufting from centralized sewer service and reuse of
the treated effluent appears reasonable. Because this estimated reduction is
based sofeily on the lower nitrogen concentration in the reuse water (10 mg/L
vs. 39 mg/L), and similar delivery rates to surface waters, the level of treatment
afforded the domestic wastewater is of primary concern. Because the effluent
will be applied to the land, and not discharged directly to surface water, Grizzle-
Figg standards will not apply. It must be made clear that these load reductions
will apply only if effluent TN concentrations are near 10 mg/L. As you know,
typical secondary wastewater treatment often results in TN concentrations of
15-20 mg/L. Also, spray irrigation of reuse water can result in higher
evaporation and plant uptake, thus reducing the hydrologic load as well.

A comparison of your results and the results from our draft loading report show
similar values for "per-unit” septic tank loads. These estimates, shown in Table
1 below, indicate that about 40% of the septic tanks in the coastal areas
surrounding Charlotte Harbor are located in the Port Charlotte Utility Area. We
used the same numbers for people per househoid (2.3), daily water use per
person {75 gallons), and TN concentration (39 mg/L) as were used in your
calculations. However, we used an overall 80% reduction in TN for the septic
tank load between the septic tank system and the receiving water. This
reduction rate is based on a review of literature values that we developed for
estimating nutrient loadings to Tampa Bay from land application of treated
domestic wastewater effluent, and is described in our report "Estimates of
Total Nitrogen, Total Phosphorus, and Total Suspended Solids Loadings to
Tampa Bay, Florida", prepared for the Tampa Bay National Estuary Program.
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Your loading estimate used somewhat more detailed methods, incorporating
groundwater flow travel time, estimates of failures, and the age of the septic
tank systems (pre or post 1983). Although there are differences in our
methads, the results are very similar. Based on a failure rate of 10%, your
methods give a per septic tank load of 5.04 pounds/year {Ib/yr). Qur estimates,
which simply assume an 80% reduction in TN for all septic tanks with no
separate accounting for failures, give a per septic tank load of 4.66 ib/yr.
Because these two values are very close, this would suggest that our
assumptions and methods are comparable. However, although the 10% failure
rate is consistent with my experience in other coastal Florida communities, the
rate of non-functioning septic tank systems may be higher in Charlotte County,
based on local conditions.

Table 1 - Comparison of CDM and Coastat Environmental, Inc. Estimated 1992
Septic Tank Loads for the Charlotte Harbor Area
[ 1
Source/ Total Load Unit Load
Scenario # Septic Tanks (Ib/yr) {Ib/yr/septic tank}
r___.ﬁ e — ——— —
CDM/Pt Charlotte 14,400 72,500 (1) 5.04
Utility Uniz
Coastal Env./ 37,765 175,920 (2) 4.66
Total Harbor
Surroundings
Notes: (1) Based an 109% failure rate.

(2) Based on 80% overall removal rate, with no accounting for failures.

The magnitude of estimated loads to Charlotte Harbor from septic tanks suggests that
this source of nutrient inputs is not as high as several other sources, on an annual,
harbor-wide basis. Our investigation indicates that nonpoint sources, industrial point
sources, and atmospheric depaosition all contribute more nitrogen and phosphorus to
the harbor than septic tanks. However, there are several factors that may make
septic tank impacts potentially more significant than these average annual numbers

suggest:

® Septic tank loads most often discharge to such near-shore surface waters as
residential canals and small streams and embayments. These water bodies are
often confined and relatively isolated from the flushing and circulation of the
open water harbor. This can result in localized water quality problems {algal
blooms, low dissolved oxygen) in the near shore areas that would otherwise be

attenuated through flushing and tidal action.
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. Septic tank loads may be more significant during the winter months. During
this period, streamflow and rainfall is lower than during the summer wet
season, so the relative contribution from septic tanks will be greater. Also, the
seasonal population is greatest during the winter months, resulting in higher

septic tank discharges.

. Our efforts have focused on nutrient loading and the possible consequences
with regard to eutrophication of the estuary. The aspect of public health
should also be considered. Pathogens and other hazardous materials may pass
through septic tank systems and enter adjoining surface waters.

| appreciate the opportunity to act as an outside reviewer of your report, and hope
that these comments have been useful. If you have any questions about my
comments or need any additional information, please callme at (813)577-6161. Qur
draft report of loadings and freshwater inflows to Charlotte Harbor should be available

for review, through SWIM, before the end of the month.

Slncerely

>%f‘

Hans Zaﬁtfock P.E.
Senior Engineer

cc: Geroid Morrison, Ph.D. - SWIM
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Mr. S. John Calise
20101 Peachland Blvd., Unit 201
Port Charlctte, FL 33954

Dear Mr. Calise,

Thank you for the oppertunity te review the report from Camp,
Dresser & McKee, Inc. entitled "Pollutant Loading Estimates /
Septic Tank Review for Charlotte County Wastewater Expansion".

Overall, I found the report to be well-written and consistent with
most of the local analyses done in this area (e.g. work by SBNEP
and Ayres & Associates). I thought the approach toc determining the
contributions from failing septic tanks was probably appropriate.

I did have, however, a few points that I think should ke addressed.
These range from minor to not so minor. Starting with the minor

points:
o Why is an effluent TN concentration of 78 mg/l used?
For the SBNEP study, a value of 60 mg/l was used. Why the
difference?
0 On page 5, a value of 9.1 % delivery of TN is

justified. TIs this 9.1 % of nitrogen leaving the septic tank?
Or is it 9.1 % of nitrogen entering the groundwater?

C On page 10, how wculd calculated lcad reductions
change if Charlotte County does not go forward with household
reuse availability?

0 On page 11, the 76 tc 92 % load reduction potential
for receiving waters should be stated with caution. Receiving
waters should be defined as canals, not "regions" of Charlotte
Harbor. Also, the language makes it sound as if the 76 to 92
% reduction is for all loads. Was stormwater modelled? If
so, what is its contribution? If not, what might be the total
percent locad reduction?

As for major points, I have often wondered why the literature
contains such different estimates of the ability of nitrate to
travel in groundwater. SWFWMD has documented, with great detail,
nitrate movement of over 10 miles for Buckhorn Spring, Alafia
Spring, and King'’s Bay. Meanwhile, Damon Anderson couldn’t find
elevated nitrate levels when he studied (very thoroughly) some of
nis households. Could both these extremes be accurate? I believe

they are.

One aspect of the nitrogen lcading estimate used in this report and
elsewhere that has always bothered me is ju;t what exa;tly nl;rogeg
"decay" means. Is this absorption of ammonium onto soll particles:
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Biolegical uptake? Denitrification? It seems to me that the decay
rate utilizes a "box model" approach that does not ask enough

gquestions about processes. Again, what is meant by "decay"?

During the bus tour, I met with one of the IFAS researchers and we
discussed the role of solil organic contents on denitrification
rates. He gave me a copy of the enclosed paper. Using the
informaticon in Figure 1 and Table II, I modified their work to
produce the attached figure, entitled "Denitrification Rates versus
Soil Organic Content". With further modification, based on the
enclosed paper, I produced the other figure, "Set-back Distance

from Surface Water L

Certainly, the above-mentioned figures need to be better
investigated and refined. Perhaps it is time to start measuring
actual processes that are known to minimize the potential for
nitrate contamination from OSDS’s. Unfortunately, Soil
Conservation Service maps do not contain the needed degree of
resolution (i.e. low organic ccontents are in a category of < 1 %,
put there is a large difference between denitrification rates at,

2 %

for example, 1 % versus 0.05 %).

If I can be of any further assistance, dc not hesitate to call me.

sincerely,
S

David a. Tomasko, Ph.D.
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~ P. M. Bradley,*"* M. Fernandez, Jr..} and F. H. Chapelle’

m Rates of potential c‘lgnicriﬁcation were determined for
" anaerobic aquifer sediments collected at a site where
groundwater NO, concentrations ranged from 0.7 xM to
8.6 mM. A significant relatior (p = 0.046) was observed
between denitrification rates and the in situ concentration
- of NOQj, but NO; concentration only accounted for ap-
proximateiv 34% () of the variation in activity. The
Righly significant relation "2 < 3.001; ~ = 0.80) berween
pocentiel denitification acd seciment total organic content
and the enhanced activity of sediments amended with
glucose indicated that denitrification rates in this aquifer
svstem were carbon limited. No significant relation was
observed between denitrification and the in situ ground-
- water pH, but short-term variations in pH influenced both
the magnitude and the end products of denitrification.

Introduction

The accumulation of nitrate in groundwater beneath
cultivated land commonly reflects the lesching of fertilizer

l from the surface at rates that exceed the nitrogen re-

- quirements of the underlying soil community. In such
cases, delivery of NO; to groundwater via vertically per-
colating recharge typically exceeds the denitrification
potential of aquifer material. In aerobic groundwater
systems, the limitation of denitrification is readily attrib-
uted to repression of nitrogen oxide reductase activity by
molecular oxygen. In anaerobic aquifers, however, the

l conditions limiting denitrification are less obvious. Nu-
merous studies have demonstrated that nitrogen and
carbon availability as well as pH may limit potential
denitrification rates in soils (see refs 1 and 2 for review).

1 It is reasonable to hypothesize, therefore, that similar
processes may limit denitrification in groundwater systems

and that these limitations may contribute to NO; accu-

*1 5. Geological Survey, Cglumbia, SC.
t University of South Carolins,
$1;.5. Geological Survey, Tampa, FL.

(9) Fung, K. Grosjesn, D. dnal. Chem. 1981, 53, 168-171.

{10) Hawkins. W. L. In Ox:dation and Combustion Reviews:

Tipper. C. F. H.. Ed.; Elsevier Publishing Co.: Amsterdam,
1963; Vol. L, pp 1689221,

(11) Wayne, R. P.: Barnes. [.: Biggs. P.; Burrows, J. P.; Cano-
sa-Mas, C. E.: Hjorth. J.; Le Bras. G.; Moortgat, G. K.
Perner. D.; Poulet, G.; Restalli, G.; Sidebottom, H. Atmos.
Enwron. 1991, 254, 1-2086,

(12} Weschler. C. J.; Braver, M.; Koutrakia, P. Environ. Sci.
Technal. 1992, 26, 176184,

Received for review Apni 3, (992, Revised manuscripe recetwed
July 14,1992 Accepted July 18, 1992, This studv was supported
by the Assistant Secrecary for Conservation and Renewable
Energy, Office of Building Technologies, and by the Director,
Office of Energy Research, Office of Health and Environmenta!
Research of the LS. Department of Energy under Contract
DE-AC03-T6SFO0098.

! Carbon Limitation of Denitrification Rates in an Anaerobic Groundwater

U.S. Geological Survey—Waler Resources Division, 720 Gracarn Road, Stephenson Canter, Suite 12¢, Columbia, South
Carclina 29210-7651, Department of Biolcgical Sciences, University of South Caroiina, Columbia, South Carolina 25208, and
T U.S. Geological Survey—Water Rescurces Division, 47 10 Eisenhower Boulevard, Sutte B-5, Tampa, Florida 33634-6381

mulation in anaerobic aquifers. The purpose of the studies
reported here was to evaluate potertial denitrification rates
in a shallow anaerobic groundwater system underlying a
golf course near Tampa, FL, as a function of NO, con-
centrations, carbon availability, and pH. The results of
this investigation indicate that carbon limitation in
anaerobic aquifer sediments can be a primery cause for the
accumulation of nitrate in groundwater underlying culti-
vated lands. Further, this study is intended to ilustrate
the use of such evaluations to provide practical guidelines
for surface applications of nitrogen fertilizers and waste.

Study Location

Sediment samples were collected from a golf course near
Tampa, FL. The elevation at the course ranges from 0 to
3 m above sea level. The course is underlain by a fine sand
layer which functions as a shallow aquifer. Particle size
analysis indicates that the sediment is primarily sand with
a maximum siit/clay content of 2% of dry weight (Bradley,
unpublished resuits). The aquifer is confined at a depth
of approximately 4.5 m by a sandy-clay layer which ranges
in thickness from 4.5 to 7.5 m. The depth to the water
table typically ranges from I to 3 m across the site.

Sample Collection
Water quality characteristics of the shallow groundwater
were determined for the six sites at which sediment was
collectad. Water samples were collected from steam-
sterilized, stainless-steel drive-point samplers after ap-
proximately 2 L was purged from each sampler. The
groundwater pH and oxygen concentration were measured
immediately with calibrated pH and di_ssolved oxygen
meters, respectively. Sampies for NO, nitrogen analysis
were collected in 250-mL dark brown plastic bhottles con-
taining 13 mg of HgCl,, stored on ice, and shipped im-
mediately to a U.S. Geclogical Survey laboratory.
Aquifer sediment samptes were collected at depths of
1-2 and 3~4 m at six sites using a hollow-stem auget
drilling rig equipped with a split-spoon sampler. Cores
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Table ' “itrate Cogeectration and 5 Data (or
Groundwater Collected at the Sites of Sediment Jampiing

sita [NO+, mM pH sita [NO.J, mM pH
L1254 4 40 5.8
o 2 8.8 3.4 3 0.2 6.4
J 3.6 5.9 6 ND 3.5

* Data are from monitoring webls screened over the 1-4-m depth
at which sediment samples were collectad. ND indicates that NO,
was not detected {ie, 0.7 uM).

were collected in steam-sterilized, polycarbonate split-
spoon liners by drilling to the appropriate depth and
driving the sampler into undisturbed sediment. Subse-
quently, the polycarbonate tube was removed from the
sampier, capped and sealed with tape at both ends, and
then stored at 4 °C until analyzed for denitrification ac-
tivity using the acetylene block technique.

Methods

The acetylene block technique is based on the inhibition
of N,O reduction to N, by addition of acetylene such that
denitrifying activity (s quantified as the rate of accumu-
lation of N,O (3). The general procedure for analysis of
denitrifying activity was as follows. Triplicate live treat-
ments and a single biologically inactive control were pre-
pared by aseptically transferring approximately 20 g {dry
weight} of sediment to sterile 40-mL serum vials, A 4-ml
volume of devxvgenated KNQ; solution was added. The
pH of the resultant sediment slusry was adjusted o in situ
values by titration with HCl or NaQH as needed. Then
the vials were capped with butv! rubber stoppers and
flushed ~ith He for 2 min at a flow rate ot 300 mL/min.
Acetylene, generated from culcium carbide and water, was

adged to ¢ach vial to yield a 10% by volume atmosphere.
Controt carcplzs, which were identical to sl other respects,
were created by adding HgCl, to a final concentration of
5 mM.

N.0O production was followed for approximately 48 h by
periodically removing 0.5 mL of headspace for injection
onto a zas chromategraph equipped with an electron
capture dstector. N.O peak areas wers svaluated on a
digital integrator and standardized against serial dilutions
of commercial a3 mixtures. Dissolved N.O concentrations
were estimated using Henry's law coefficients (ref 4, p 109).
Potaprial denitrification rates were estimated from the
initial rate of N.O production per gram of dry sediment
by linearly regressing the total amount of N,O produced
per vial against time (5). Statistically significant differ-
ences between treatment means were determined by
one-way ANOVA and Tukey's Studentized range test (5).

To determine whether groundwater NO; concentrations
limited denitrification in situ, rates of denitrification were
measured for each depth (sites 1-6) at in situ NO; nitrogen
levels (Table I) and at 20.0 mM. In addition, denitrifi-
cation was determined at intermediate concentrations of
either 5 (sites 1, 5, and 6) or 10 (sites 2-4) mM NO; ni-
trogen.

The extent to which carbon substrate availability limited
denitrification was evaluated by messuring rates for all six
shallow samples following glucose amendment. Because
sites 2 and 4 demonstrated a significant difference in ac-

tivity with depth, the effect of carbon amendment on
denitrification was also determined for the deep sedimenta
at these sites. The organic content of sediment samples
from both depths at all sites was estimated as the percent
dry weight losa on ignition at 600 °C for 4 h. Analytice.!l
error due to the loss of hydroxyls during combustion i8
expected to be small since the maximum observed silt/clay
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Table LI Ohvsicai Chargeteristics of Shailow 11-2 @1 ang
Deep J- 4 m} Sediments Coilected rom Six Sites”

ahailow deep
sita DW,-’WW, % etganic, T DW,/ WW, % org!!;)i—c:;:'
1 333 £ 03 0.28 = 0.05 33.0 £ 3.3 0.39 £ 909
2 3368 £ 0.1 U8l = 0.01 31.7 £ 1.1 LU ]
3 33.5 £ 0.5 1.05 £ 0.29 36,58 £0.5 0.34 = 0m
4 83.3 £ 0.7 0.51 £ 0.14 32.7 £ 04 0.07 = 0.1
5 853 £ 0.1 0.18 £ 0.01 34.9 £ 0.3 0.54 x+0.15
§ 827 £0.1 0.65 = 0.06 4.4 £ 0.1 0.52 £ 0.0

*Data are means (£5D) of dupiicates. WW and DW are th,
masses detarmined for sediment when moist or dried to constan;
weight, respectively. Organic content is given as the loss on igni.
tion expressed as a percentags of DW.

Table III. Mean Rates of Denitrification (£3D) for
Triplicate Samples of Shallow (1-2 m} and Deep (3-4 m)
Sediment from Sites 167

rateg, nmol ' b

site INO,N], mM shallow deep

1 1.2 0.02 £ 0.02 0.06 = 0.03
5.0 0.04 £ 0.04 0.15 + 0.01%

20.0 0.07 £ 0.05 0.08 = 0.02
2 6.6 Q.51 = .15 1.55 & 0.33°
10.0 0.41 £0.13 .58 £ 0.32°

.0 043 £ .03 128 £ 0,70

3 3.8 033 & 32 3.37 £0.23
.o 043 =212 027 & 000

0.0 0.32 &0 128 = e

4 £.0 0.h3 204 £ 002t
10.0 Las = £.02 = 0.2

36.0 2.53 = £,27 0.02 & 0.01°

5 0.2 123 £ 0.02 G.22 = 0.09
5.0 0.23 & 01.04 9,33 = 103

20.0 0,12 = 0,63 .09 =004

g 0.0 001 & 0.00° 0.00 = 0.00
5.0 0.43 = 0.05 0.00 £ 0.00°

20.0 043 = 0.00 0.00 = 0.00°

2 Rates were Jdetermined for three concentrazions of NON:
situ, intermediate {i.e., 5 ur 10 mM), and 2igh (20 mM). Kates are
given as nanomotes of N:ON procuced per gram of dry sediment
per hour. The pH squaled in situ valusg | Txble D). ° Differences
between depths are sign.ficant for a given NOQO; treatment
¢ Differences between NO; trearments ara aignificant (Tukey's
Stucdantized raogs test, o < 0.05) for a given sedizmert and depth.

content was 2% of the sediment drv wsight.

The influence of pH on denitrifying activity was in-
vestigated for the shallow sediments from sites 4 and 3.
Treatments (at in situ NO, concentra'ions) were created
at final pH values of 4, 5.5, in situ, 7, and 8 by titration
with HC! and NaOH. The pH measured at the conclusion
of the study remaired within £0.2 unit of the initial con-
ditions. As controls for acetylene effects, two live treas-
ments were not amended with acetylene.

Results

The concentration of NO; nitrogen present in the sed-
iments varied from undetectable {less than 0.7 gM) at site
6 to 8.6 mM at sita 3 (Table I). NO, concentrations greater
than 0.2 mM were associated with sites of surface spP"
cation of waste effluent and fertilizer. The pH of the
groundwater ranged from 5.4 to 6.4. The organic e:o_::xt.entL
of the samples varied from 0.07 to 2.22% of the sed»lm'mt

dry weight (Table IT). The ratio of the dry weight to ¥
weight did not differ significantly with depth. Groun
water oxygen concentrations were less than }2 BV o
Increasing NO; concentrations did not significantly &
fect the rate of denitrification except for the shallow 380
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] mand

arganic, %
0.22 000
222 0.8
0.4 = 0.01
3.07 £ 0.01
L4 018
152 0.28

IW are the
Lo comatant
8 ¢ igni-

Q.33
2.52¢
0.70%
223
REY]
3.09
.02
3.02%
0L
.09
2.03
1.0%
.00
2.0
3.00¢
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" Rages are
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Diffe  nces
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and ““pth.

7 was io-
.48 35
ecr ted
titration
onclusion
dtia :on-
ive eat-
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M) at site
A g ater
ce . -pli-
H ot the
c co_t_x_bent
ged 1ent
tht i wet
Ground-
n .
can af-
Now am”
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GROUND WATER pH

1. Relslonsho betwsen the potential rate of dentrificaton (nrmal
g~' h"') catermined for shumies of seciment from sites 1-8 and in siw
{a} groundwalor NO; concantrations (p = 0.048, » = G.583), {h) totai
seciment rganic contant (p < 0.001, 7 = 0.8%4), and (c) greundwater
oH (p = 0.882, r = 0.128): (b) doas not inciude Zata fram site 8, which
cked sufficient NO, to support dentrification. Cata points reprasant

{ means {£S0) of tiglicate samples.

" ples from site 6 (Table ITI). For this and all other ex-
periments, no'significant production of N-Q was observed
in the control samples. These results indicate that NO,
availability imited denitrification activity only at site 6

¢ 11-2 m), where the in situ concentration was less than 0.7

M. At si_te L, a 3iignt irend wward greater denitrifying
" petivity with increasing NO, concentration was observed.

4 Thus, the possibility exists that denitrification rates are

NG, limited at this site, although these differenices were
not statistically significant (Tukey's Studentized range test,
7 < 0.05). A significant relation (p = 0.046) was observed
between denitrifying activity and the in situ concentration
of NO; (Figure la), but NO; concentration accounted for
“only 34% (r%) of the variation in activity.

= With the exception of sites 2 and 4, the rate of deni-
trification at in situ concentrations of NO; did not vary
significantly with depth (Table III). However, the deep
(34 m) sediments at site 2 exhibited a rate of denitrifi-
“eation 3 times that of the shallow (1-2 m) sediments. At
‘tits 4, denitrification rates in the shallow sedimenta were
20 times greater than that of the deep sedimenta.

% Excluding the sediments from site 6, which lacked
‘sufficient NO; to support denitrification, a significant
Telation (p < 0.001) was observed between denitrifying
Tictivity and sediment organic carbon content (Figure 1b).
A'he organic content accounted for approximately 80% (r)
o the variation in denitrification in these sediments,
Those samples from sites 2 (3-4 m) and 4 (1-2 m) which
“ixhibited the highest activities in the absence of added
Zarbon did not respond significantly to carbon amen'dment
TPable IV). In coatrast, the rates of denitrification for
Tike deep sample at site 4 and the shallow sediments from
&

e

e e, el

j 3 ———

Table [V. Mean Rates of Denitrification (=30 for
Triplicate Samples of Sediment (rom Jites 1—4°

rates. nmot g*' h!

site depth, m unamended amended
1 1-2 0.02 £ 0.02 1.85 £ 0.96*
2 -2 0.51 = 0.18 59.68 £ 12.97¢
34 155 £ 0.53 I.I4 £0.20
3 1-2 353 x0.12 20.09 £ 3.91*
+ =2 0.83 = 0.09 Q.11 £ 0,23
k) 0.04 £ 0.02 5.40 £ 0.63%
5 -2 0.23 = 0.02 4.31 £ 0.45°
6 1-2 0.01 & 0.00 0.00 £ 0.00

* Hates are given for sediments amended with 1 mM glucoss as
well as unamended controls. NO;N concentration and pH were
equal to i situ levels {sse Tabla I). *Differences between carbon
treatments are significant (Tukey's Studentized range test, p <
0.05) for a given sediment.

N,0 PRODUCTICH (amotes g~* 1)

!
|
e oA
" e T\h)v/’ 11’
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oo s ; ; ; -
oH

Figure 2. Raatonship between the potential rate of denitrification (pmol
g~ k™) ana the pH of slitiries of sediment from sttas 4 (@) and 5 (M),
Data peints represant means (£350) of duplicate sempies,

site 2 were st least 100 times greater in the carbon-
amended treatments. Similarly, carbon amendment in-
creased the rate of denitrification in the shallow sediments
from sites 1, 3, and 5 by a factor of 18. Presumably due
to the lack of sufficient NO, to support denitrification,
denitrification rates in the sediments from site 6 did not
respond to carbon amendment.

There was 0o significant correlation (p = 0.692) between
the rate of denitrification and the pH of the groundwater
in this study (Figure lc). The response of denitrification
rates in the sediments from site 4 (1~2 m) to a range in
pH from 4.0 to 8.0 indicates that the denitrifiers in thess
sediments are adapted to in situ pH conditions (Figure 2).
The rate of denitrification was maximal at the in situ pH
of 5.8 ard decreased as pH increased. In contrast, the rate
of denitrification in the sediments from site 5 was 2 times
greater at pH 8.0 than at the in situ pH of 6.4. For both
sediments, deritrification was insignificant at pH 4.0.

The production rate of N;O in samples that were not
treated with acetylene was significant in both sedimenta
over the range of pH conditions examined {(data not
shown). The rate of N,O production in untreated samples
from site 4 was equal to that found in treated sediments
over the pH rangs 4.0~7.0 but decreased ta 77% of the
treated rate at pH 8.0. For the sediments from sits 5, N,O
production was equal in both treatments at pH 4.0, but
the mean N,O production rate in untreated samples was
only 45% of that observed with acetylene for pH of 25.5.
The difference in N,O production rates between acety-

lene-treated and untreated samples is an indicator of the
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importance of N, as an end product of deaitrification in

these sediments. The current results demonstrate that N,
gas was an insignificant end product of denitrification in

“-these sediments at pH 4 but increased in importance with

pH. Due to the short duration of this study, it is not
possible to determine if the lack of N, production at low
pH is a transient pbenomenon or the result of permanent

“inhibition of N,O reduction.

Discussion

The potential rates of denitrification observed in this
study were comparable to previous obeervations from
NO,~contaminated aquifers. Sediment from a site at Parris
Island, SC, receiving NO, waste water exhibited rates of
denitrification ranging from 1.7 nimol of N,O g™ day™ for
5-180-m sediments up to 173 nmoel g™ day™! for surface
sediments (6). The rates of denitrification in a shallow
aquifer near Long [sland, NY, were 0.2~17.0 nmol of N2O

g day™' (7). Potential denitrification rates for a shallow

aquifer which was continuously contaminated with sec-
ondarily treated sewage effluent for 35 years were esti-
mated at 0.1-7.8 nmol of N,O g™ day™ {8). In the current

- study, the potential rates of denitrification for those sed-

iments where NO, concentrations were significant (sites
1~5) rapged from 0.6 to 37.2 nmol of N,O g™t day™. The
ptesence of millimolar conceatrations of NO; in the
groundwater indicates that the site receives NO, in excess
of ambient denitrification.

In this studyv, the denitrification potential of sediments
from sites 1-5 was pot limited by in situ NO, concentra-

- tiong. Rates of denitrification in these sediments did not

respond to NO; amendment and thus appeared to be
controlied by factors onhqr than in situ NO, concentrations.
This observation is consistent with the results of cell-free

- systems which exhibit K;'s for denitrification in the range

of 5-290 uM (2). Similarly, the current rates were deter-
mined for sediment slurries in which the diffusion of NO;
nitrogen to sites of active denitrification is not expected
to be a limiting factor. However, sithin the saturated zone
NGO, diffusion may become important, and the possibility
remains that in situ denitrification rates may be limited
even at the millimolar NO, concentraticos measured in the
groundwater.

The current findings are consistent with previous dem-
onstrations of the importance of carbon substrate availa-
bility to denitrification. Several researchers have reported

" that carbon substrate additions atimulate sediment den-

itrifying activity in the laboratory (8-13) and in the field
(14-17). Comparisons of the activity of sediments differing
in organic carbon content have confirmed the relation
between denitrification rates and carbon (13, I8, I9). In
the current study, the enhanced activity under glucose-
amended conditions and the relation between organic
carben and the variation in denitrification with depth (sites
2 and 4) provide convincing evidence that denitrification
ia carbon limited. The highly significant relation {(p <
0.001; 2 = 0.80) between potential denitrification and total
sediment organic content indicates that carbon limitation
can be a significant factor contributing to NO; accumu-
lation in anaerobic aquifers (ref 8; this study). ]
Although pH is generally considered an important in-
fluence on denitrification in natural systems {for review,
see refs 1 and 2), o significant relationship between po-
tential denitrification and groudwater pH was observed
in the current study. This tack of correlation was probably
due to the relatively narrow range in pH observed in situ-
Even though the potential rates of denitrification did not
correlate well with pH in the field, denitrification was

sensitive to ghort-term changes in pH in this study.
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Pravipua investigations invoiving reiatively sport term
changes in pH generally observed an iocrease in denicri-
fication with increasing pH (20-23). The rate of denitri-
fication in the reiatively neutral sediment from site 5 re-
sponded to pH in the same manner. However, the more
acid sediment from site 4 demonstrated the highest activity
at its in situ pH. Parkin et al (24) reported a similar
pattern of apparent pH adaptation in an agricuitural soil
with a 20-year history of low pH (ca. 4).

Numerous investigators have observed a shift in the
predominant gasecus end product of denitrification as a
result of increasing acidity {1, 2, 25). As pH decreases the
end product typically shifts from N, (pH 27) toward N,O
(5 < pH < 7) and NO (pH =3). In the current study, the
N,0 production rates of samples with and without acety-
lene were compared to estimate the relative importance
of N, as an end product of denitrification. Because ni-
trification may contribute to N.0Q preduction in the ab-
sence of acetylene, this comparison may underestimate the
axtent to which denitrification proceeded to completion
(ie., N.} in the treated vials. However, it seems clear that
for both sediments the importance of N, as an end product
of denitrification increased with pH. The fact that N,
production at near-neutral pH was less pronounced for site
4 than site 5 may be due to an inhibition of N, reductase
by the high NO, concentrations at this site (2, 25).

Since the current results indicate that active commu-
nities of denitrifiers are present within the shallow aquifer
at the site, the potential exists that NO, contaminaticn
of the groundwater can be minimized. Based on the po-
tential rates of denitrification measured in the current
study (without carboa amendment), an (nitial estimate of
the maximurm rate at which NO; van be applied at the site
without exceeding the capacity of the denitrifying com-
munity is feasible. Sites 1-3 have the potential to remove
NO; nitrogen from the groundwatar at rates ranging from
1.2 to 74.4 nmol g*' day™® (without carbon amendment},
Although, there is increasing eviderce that denitrification
may be significant even at high oxyzen concentrations
(26-28), it is generally accepted that nitrogen oxide re-
ductase activity is repressed by the presence of oxygen (for
reviews, see refs 1 and 2). Thus, it is assumed that den-
itrification occurs primartly in the anaerohic saturated zone
(29). Seascnal variations in the depth of the water table
would be expected to influence the denitrification capacity
of & unit area of sediment, and for a more accurate esti-
mate, these should be taken into account. However, for
the sake of illustration, a mean thickness of 2 m is assumed
for the anaerobic zone. Given that the bulk density of
these sediments is approximately 1570 kg/m? we estimate
that the in situ denitrifying communities at sites 1-5 have
the capacity to remove NO; at & rate rapging from 3.8 to
233.6 mmol m™? day™™.

Additional considerations are necessary to accurately
estimate environmentally sound, nitrogen application rates.
Most notably, the extent to which surface applications of
nitrogen will reach the aquifer will depend primarily o
the rate of nitrogen uptake by the plant community and
the permeability of the root zone. However, evaluation

of those factors Which control NO; sinks within the aquifer
should allow for calculation of upper bounds for nitrogen
application rates and thereby reduce the potential for NOs

contamination of groundwater.
Registry No. N:Q, 10024-97-2; glucoss, 50-99-7.
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i B [t is suggested that sensing the fugacity of hydrophobic
j =hemicals in aqueous systems by measuring their concen-
} ‘ations in an equilibrated air headspace can provide
i luable information about the nature and extent of in-
i teractions between the chemicals and dissolved and par-
iticulate phases present in the water. An experimental
r-water closed system is described into which sorbing
i .aterials can be titrated and the fugacity response de-
‘termined by continuous air circulation with periedic gas
]._.S-ampﬁng and GC analysis. The system has been used to
:easure the cosolvency of octanol and the sorption of five
¢ 1orobenzenes and a PCB to humic materials and sedi-
-ment. The results are in accord with theory based on
-eatablished partitioning principles, with organic carbon
artition coefficients varying from 10 to 100% of the oc-
nol-water partition coefficient. No “solids’ concentration
" effect” was detected.

wroduction
Hydrophobic chemicals, notably the organochlorines,
-=hen present in aquatic systems may bicaccumulate to
. gh concentrations and cause toxic effects and are subject
i _s evaporation, sedimentation, and degrading reactions.
These processes are profoundly affected by whether the
““emical is dissolved or sorbed to particulate matter and
\e extent to which its activity is modified by interactions
' with other dissolved materials, such as the naturally oc-
¥ curring fulvic and humic acids, and electrolytes. Although
. . .
easurements of total concentration of the chemical are
? latively straightforward, it is difficult to discriminate
* petween dissolved and sorbed chemical by techniques such
Yag filtering or centrifuging because of uncertainties about

$
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the particle size “cutoff”. Indeed, it is possible that no
distinet discrimination is possible between dissclved and
sorbed states because there may be a continuum of par-
ticulate matter ranging from truly dissolved low molecular
weight fulvic acids to {ilterable particles of humin. Con-
ventional measurements of the “dissclved” concentraticn
may affect particle aggregation, disturb the sorption pro-
cess, or displace the equilibrium during separation of the
phases. Accordingly, it is desirable t0 supplement con-
ventional approaches with a nondisturbing or noninvesive
analytical technique to sense the condition of the chemical
Such a technique is headspace analysis, which is routinely
used for analysis of volatile organic chemicals and has been
employed to probe or sense the condition of organic
chemicals in aqueous solutions by Yin and Hassett (1),
Sproule et al. (2), and Perlinger (3).

In this study, we describe a headspace system that is
essentially a modification of one devised by Hussam and
Carr (4) and similar to one used for environmental studies
by Perlinger (3). Measurements are made of changes in
the air-phage concentration {and hence the partial pressure
or fugacity) of a chemical in equilibrium with an aqueous
solution into which potentially interacting materials such
as cosolvents or humic materials are titrated. From the
response of the fugacity to this titration, the nature and
extent of the interactions that occur in solution can be
deduced. The approach is explored and illustrated by

examining the response of the selected chlorobenzenes to
the addition of octanol as cosolvent and humic acids and
sediment as sorbenta. ) '
Of particular interest is the ability of the system to pro
the “solids’ concentration effect” first noted by O'Connor
and Connolly (5) and discussed by DiToro {6) and others.
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“Denitrification Rates versus Soil Organic Content

m Moles NO3 /d / meter of 501
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Distance in Feet

Set—back Distance from Surface Water for Septic Tanks versus Scil Organic Content

(distance required for 90 % removal of NO3)
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- Upper line = 4 people per house, Lower line = 2 people per house



Rate cf
Soill Organic Denitrifi
(%3 C) {(mMQL/D/M)
0.07 3.8
0.14 14.74
0.2 21.1
0.33 34.8
.5 52.7
1 105.3
1.5 158
2 210.86
2.22 233.8
2.5 263.3
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June 30, 1994
File No. 94-8583

TO: Camp, Dresser & McKee, Inc.
20101 Peachland Boulevard, Unit 207
Port Charleotte, FL 33854

on: Mr, S, John Calise, P.E.

SUBJECT: Peer Review of "Draft Technical Memorandum, Septic Tank
Nutrient Loadings, Port Charlotte Phase I Arsa™

Dear Mr. Calise:

As requested in your memorandum of June 22, 1394, we have
reviewed the draft of the subject technical memorandum and offer
the following comments. The headings below correspond with those
in the technical memorandum.

Methodology

The third item states that, generally, failing septic tanks are
characterized by discharges that do not have a substantial travel
time through the surficial aquifer to the receiving water. Wwhile
this definition is probably adequate for the intended use, it is
probably not inclusive of all systems which would commonly be
considered “failing." A failing system could be defined as any
system which is not capable of infiltrating, into the scil, all
flows to the system, and any system which is not constructed
and/or operated in accerdance with the appropriate standards.
This definition of failing would probably include many systems
which do not meet the definition in the technical memorandum.

In the Zourth item, it states that velocities in the surficial
aquifer of the study area are expected to be on the order of 0.1
foot/day or less. Although I have not recently inspected
conditions in the Phase I area, I can envision that conditions
may exist, at least at some locations, that would result in
seepage Velocities on the order of 1.0 foot/day. For example,
assuming the surficial aquifer to have a hydraulic conductivity
of 10 feet/day and a porosity of 30%, a hyd;aullc grgglent of
anly 0.03 (water table slope of 1 foot vertical per 33 feet
horizontal) would result in a horizontal seepage flow rgte.of 1.0
foot/day. I believe that these assumed values are realistic for
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at least porticns of the area. Travel times could, therefore, be
on the order of weeks at some sites, instead of months to years.

Failing Septic Tanks

There are some other points which may suppcrt the use of the 25%
failing rate. Even after implementation of the more stringent
septic tank regulations in 1982, many systems may have been
installed without actually havimy the 2-foot separation between
the drainfield bottom and the high water table. Firstly, the
seasonal high water table level at a site is not precisely known
and must be estimated based upon the best available information.
Even a reputable, experienced soil scientist, gectechnical
angineer or hydrogeologist, with expertise in making this
estimate, probably cannot estimate the seasonal high water table
level to within an accuracy of *0.5 foot. Secondly, the practice
of setting the drainfield 2.0 feet above thes seasonal high water
table does not account for the possikility of groundwater
mounding bensath the drainfield. Croundwater mounding may occur
as the septic tank dischargye infiltrates the drainfield bottom
and reaches the water table, causing a local rise of the water
table beneath the drainfield. Such groundwater mounding may be
significant {0.5 to 1.0 foot, or mcre, above surrosunding water
table levels) at some sites, depending upon site conditions.
Considering the above, even properly designed, installed and
operated "working" septic tanks may not always have this 2.0 foot
separation between the drainfield bottom and the water table.

Working Septic Tanks

I did not initially understand equation 3 on page 3. I discussed
the equatilon with Mike Heyl, who stated that he believed that the
definition of "S" is poorly worded and that "S" is equal to the
total length of the receiving waters in the study area. Mike
said he also believed the equation was based upon the assumption
of a rectangular watershed, with a receiving water (stream,
canal, etc.) running down its canter. 1In this case, would not
the correct equation be L = A/2S as the maximum groundwater flow
distance {L) would be one-half the width (perpendicular to length
"s") of the rectangle. I suggest that "S" be more clearly
defined and that the equation be reviewed and verified.

Total 8eptic Tank Leading

In the second paragraph it states that tcompared to the

i i ., the reuse option
calculated present septic tank loadings of ..., . :
represents ..., which corresponds to a 78% to 93% reduction in TN

loading to receiving waters." As stated, the 78% to 93%

o W Argaman & Asscciaes Inc
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reduction is relative to the present septic tank loadings. In
order tc avoid confusion that the reduction is relative te TN
loadings from all sources, we suggest that the latter part of the
sentence be corrected to "... which corresponds to a 78% to 93%
reduction in the present TN loading from septic tanks to
recelving waters" or similar wording. The same applies to the

last sentence of the paragraph, for future conditions.

Summay

In the last sentence, it is not clear where the 50% to 80% was
derived, as 78% to 93% and 76% to 92% reductions were estimated

in the preceding sectiaon.

Please feel free to contact our office if you should have any
guestions or comments concerning our review. As always, we
appreciate the opportunity to be of your service.

Very truly yours,
AﬁDAHAN & ASSCCIATES, INC. =
SN ’
Yo DS
.}-W’Tr—'l
{
Jerxy H. Kuehn, P.E.

Project Engineer
Eng. Reg. No. 35557

Gary H./Schmidt, P.E.
Vice Pr sident
Eng. Reg. No. 12305

JHK/GHS:jan

cc: Mr. Mike Heyl (Camp, Dresser & McKee, Inc., Sarasota, FL)

W W Arcaman & Associates Inc.

e



77 GIFFELS - WEBSTER
/ %= ENGINEERS, INC.

July 14, 1994 REF: 4510.16

Mr. S. J. Calise, P.E.
Camp, Dresser & McKee, Inc. ' SENT VIA FAX TO 813-743-8073

20101 Peachland Blvd., Unit 207
Port Charlotte, FL. 33954

Subject: REVIEW OF TECHNICAL MEMORANDUM
Dear Mr. Calise:

I have received a draft copy of a Technical Memorandum entitled "Septic Tank Nutrient Loadings, Port
Charlotte Phase [ Area”. In review of this document, the following comments should be noted:

= The existing dwelling unit count and future growth estimates used throughout the document are
consistent with those figures reported in the Charlotte County 25 Year Water and Sewer Study.

»  Per capita wastewater flow rates of 75 GPD per capita and the use of 2.3 persons per household is
consistent with the Charlotte County 1988 COMP PLAN and the Charlotte County 25 Year Water
and Sewer Study.

®  Although the study was targeted within the Phase 1 Area, it should be noted that within the Port
Charlotte Utility Unit there are approximately 110,000 residentiai single family (RSF) lots. The
majority of these are 80'x125' lots (RSF — 3.5 units per acre).

»  Of the 110,000 potential single family lots in the Port Charlotte Utility Unit, approximately 30,000
are located in areas where central sewer currently exists. These areas are currently serviced by
municipal or privately owned utility companies.

Realizing that the study addresses approximately 14,400 existing septic systems, [ feel that it is extremely
important to note that the potential at build—out, assuming all growth outside existing service will use septic
systems, may reach approximately 70,000 improved properties and will significantly affect pollutant loading

estimates.

Sincerely,

GIFFELS-WEBSTER ENGINEERS, INC.

Y

Stephen F. Torchia, Project Manager

SFT:pec

¢c: GIFFELS-WEBSTER ENGINEERS, INC.
Atten: Charles Bicgun, P.E., Principal-In-Charge

Atten; David Pawlaczyk, Vice President
Atten: Jonathan H. Cole, P.E., Technical Review Committee
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