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Abstract

Cypress wetlands offer a cost-effective means of ter
tiary wastewater treatment when site specific vari
ables-cost of land, length of force main required to
get wastewater to the site, average daily wastewater
flow, and wetland type-are taken into account. Cy
press strands, because of their large area, appear to
be more economical for wastewater treatment than
domes, which are usually smaller and scattered. The
utilization of numerous wetland treatment sites may
be advantageous for a large regional facility.

Introduction

The decision to use cypress wetlands for tertiary
treatment is highly dependent on cost. Generalized

. cost information for wetland treatment is not avail
'able due to the uniqueness of each wetland site and
"treatment situation. Costs for utilizing cypress wet
"lands, however, should be analyzed to determine (1)
,the cost-effectiveness compared to other tertiary
treatment alternatives, (2) which form of wetland
treatment is most cost-effective, and (3) how to opti
IIlize the cost of the chosen wetland method.
:'~'"

Comparison to Other Tertiary Treatment Alterna
thea

:the most common tertiary treatment methods pres
tIy employed are physical/chemical treatment and

application of secondary wastewater to uplands
24.1). Physical/chemical treatment involves

complete tertiary treatment of wastewater at the
treatment plant site. Typically, the process includes
biological nitrification and denitrification of the
wastewater to remove nitrogen. Phosphorus is gener
ally removed by chemical means such as alum coag
ulation. The tertiary wastewater is commonly dis
charged to percolation ponds for final disposal.

Wastewater from a secondary treatment facility is
often applied to upland areas where crops or natural
vegetation can remove nutrients. The wastewater can
be applied to the site as overland flow, but is more
commonly applied through a system of spray irriga
tion nozzles. Normally, the wastewater percolates
through the soil into either an underdrain system or
the groundwater. The cypress wetland tertiary treat
ment alternative involves applying wastewater from
a secondary treatment plant to wetlands where the
vegetation and underlying soils remove nutrients
and other unwanted contaminants.

Boyle Engineering Corporation conducted a cost
comparison analysis to determine the cost competi
tiveness of cypress wetland treatment with physi
cal/chemical treatment and upland spray irrigation
(Fritz and Helle 1978). U.S. Environmental Protec
tion Agency (EPA) cost-estimating procedures were
used for the comparison wherever possible (EPA
1975a, 1975b). However, since EPA cost-estimating
procedures do not exist for wetland application,
costs for these alternatives were analyzed by quan
tity and unit price analysis. The EPA cost figures re-
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fleet February 1973 prices and were updated to Au
gust 1976 using the ~ational :\.... erage \\"astewater
Treatment Plant Index (August 1976 = 262.3, Base
195i-1959 = 100).

Costs were compared among the alternatives for
tertiary treatment only. It is difficult to delineate the
tertiary treatment portions of the physicaL'chemical
option. so the costs for a typical secondary treatment
facility .....ere subtracted from the total treatment cost.

The costs for both upland and wetland treatment
are highly dependent on site location and charac
teristics. Treatment costs can vary dramatically de
pending on the cost of land, distance from the treat
ment facility, and required site improvements. As a
result of this site specificity, these three parameters
remained variable in the cost analysis.

Land

A hydrologic loading rate of 19 mm, wk was calcu
lated from field test data to prevent overflow when
using a cypress dome that has a bermed perimeter.
About 2.8 ha of dome area is required for each liter
per second of flow at this loading rate. Since cypress
domes vary in size from 0.4 to 10 ha and are irregular
in shape. it is unlikely that they can be purchased or
leased without the inclusion of considerable por
tions of surrounding uplands. For this analysis, all
cypress domes are considered to be 2 ha in size with
an equal amount of surrounding uplands included
in the purchase.

Cypress strands were assumed to have 25 mm
of secondary wastewater applied each week. with
about 2 ha needed for each liter per second. Cypress
strands often exist in large acreages. and it was as
sumed that all the required wetland area could be
found in a single strand. Consequently. no additional
purchase of land would be reqUired.

Land requirements for the spray irrigation site are
based on 5 mm wastewater/wk and a 60-m buffer
area surrounding the site. Land requirements for
physicalJchemical treatment are included in the EPA
cost-estimating procedures.

Several typical costs of land, both wetland and up
land. are represented by the values shown on each
individual curve in Figures 24.2-201.5. Fairly low
values of SO and S2500/ha were used for the cypress
strand alternative since this option generally re
quires mostly wetland. which has little economic
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Figure 24.1. ~Iajor ;Jrocesses involved in :hree :nethods Df :reat
ment :or secondarily treated wastewater.

value. Since the cypress dome and spray irrigation
options can involve the purchase of considerable
areas of uplands. higher values of up to $12,500/ha
have been included. Curves for other values can be
interpolated or extrapolated from these curves.

Force ~fain Requirements

Cost of land-application tertiary treatment is directly
affected by the distance from the secondary treat
ment facility to the application site. Increased costs
result from the greater capital investment required
for force main installation and from higher pumping
costs.

In general. the required length of force main is di
rectly related to the distance between the treatment
facility and application site. The exception is cypress
dome application. where several domes may be
required to treat the flow from a single treatment fa
cility. A force main network is required to convey a
portion of the wastewater to each dome. The distri
bution pattern of the cypress domes is often more
important than the distance to the treatment facility
in determining the total force main requirements.

Improvements

Cypress domes normally may overflow onto adjoin
ing lands after heavy rains. especially during the wet
season. Overflow from sewage domes mayor may
not be acceptable. depending on the use and charac
ter of surrounding lands. Berms around dome perim
eters may be required to keep dome waters from
overflowing, and it is assumed in the cost analysis

t
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while each curve indicates a particular tertiary treat
ment alternative and land cost combinatimL The cost
curves for cypress dome treatment begin at values
that retlect the estimated minimum force main net
work required to accommodate these flows to several"
domes.

Preliminary cost comparisons for a particular case
can be derived from the cost curves. The following
hypothetical example will illustrate the use of the
cost curves' for this purpose.

A small municipality must add tertiary treatment
to an existing 9115 secondary treatment plant. Upon
preliminary investigation. the following altematives
are derived: (1) Use spray irrigation on a site located
0.5 Ian from the treatment facility. This land could be
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, that berms are required. Costs for the berms were es
~' timated based on a berm 1 m high and on Sl.641m'
-::" for construction. Likewise. fencing may be required

. to prevent public entrance when the application site
" , is located near residences or recreation areas. It was

assumed that each cypress dome and strand would
have a woven wire fence installed along its perimeter

'.. at a total cost of $3.75/m. Fencing costs are incorpo
"" .rated into EPA cost-estimating procedures for spray
'Irrigation and physical/chemical treatment.

;' Cost Curves

""The cost curves in Figures 24.2-24.5 illustrate the
~: results of the cost analysis described above. Each fig
'lire represents an individual average daily fI~
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Fipn Z4.3. Cost curves for three types of wastewater tn!8tment (1.900.000 Uday).

purchased for $5000/ha. (2) Use cypress domes in
the area. The size and positioning of the domes ne
cessitate a 6.5-lan-long foice main network to inter
connect six domes. It is estimated the land could be
purchased for $25001ha. (3) Pump the eftluent to a
large cypress strand located 1.25 km from the treat
ment facility. These swamplands could be purchased
for $2500Jha. Which alternative is the most eco
nomically attractive? From Figure 24.2 the follow
ing costs for tertiary treatment were found: (1)
$0.24/1000 I: (2) $0.26/1000 I: (3) $0.22/1000 L

From the preceding analysis. alternative 3. utiliz
ing cypress strand applications. appears most ec0

nomical at $0.22/1000 l. Alternative 1. involving
spray irrigation. is quite competitive at $0..24/1000 L

The cypress dome alternative is the most costly,
primarily due to the extensive force main network
and large total dome perimeter to be fenced and
diked. Cypress wetlands can cleerly offer a cost
effective method for tertiary treatment under certain
conditions.

Waldo. Florida
A site specific cost analysis of several tertiary treat
ment alternatives was conducted for the City of
Waldo, Florida. as part of a study to improve their
wastewater treatment program (Ordway 1976b; see
also chap. 26).

Wastewater from Waldo is treated in a septic tank
and discharged into a di~. which CODveys some of
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1. Secondary treatment with discharge to wetlands:
Capital costs $0.18/1000 I + wetland costs
Operation and
maintenance costs $0.18/1000 I + wetland costs

Total $0.36/1000 I + wetland costs

2. Secondary treatment with spray irrigation on
uplands:

Capital costs SO.26/1000 I
Operation and
maintenance costs SO.26/1000 I

Total $0.52/1000 I

3. Secondary and advanced waste treatment with
nitrogen and phosphorus removal:

Capital costs SO.34/1000 I

ZO16a IZ
LMqf" of Fotc. Main, 11m

4

this water to a 2.6-ha cypress strand (Fig. 24.6). The
volume of flow through the septic tanJc is about

" 0.9-1.3 lis. The quality of the discharged wastewater
does not genera1Iy meet primary treatment stan
dards. An engineering firm representing the city re
viewed several possible treatment alternatives that
would comply with state and federal requirements
governing the treatment and disposal of municipal

~: wastewaters. The alternatives listed below and their
,"C" estimated costs are based on an anticipated flow of
~. 5.2 lIs-day by the year 1990 (personal communica

.' tfon: J. J. Parrish). Capital costs were converted to
treatment costs/3780 I (1000 gal) of treated waste
water based on amortization at 6% for the 2Q-yr use-

: fullife of the facilities.
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Subtraction of the secondary treatment costs from
the second and third alternatives yields:

Cost of spray
irrigation $0.16/1000 I

Cost of advanced
waste treatment $0.28/1000 1.

It is assumed the city's secondary treatment facility
will be located in the same area as the existing septic
tank since this would be compatible with the exist-

Operation and
maintenance costs

Total
$0.30/1000 I
$0.64/1000 I

ing sanitary sewer collection system and would use
city-owned land. Considering this location, two pos
sible wetland disposal schemes are feasible. The first
incorporates the wetland areas DUIJ'ked A. B, and C
in FIgUre 24.6 and results in a loading rate of 25
mm1wk for a flow of 5.2 lis. There are. however.
some disadvantages to this plan. The strands marked
B and C both receive drainage from the west through
ditches and overland flo\v, which would have to be
rerouted in order to reduce the flushing action that
normally occurs during the wet season. Additionally.
these wetlands would have to be hydrologically is0
lated (except for overflow) from the ditches located
along the railroad right-of-wa}t The construction ope
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Figure 24.6. Proposed cypress wetland recycling system in Waldo.
Florida.

erations necessary to achieve this would be difficult
in such tight quarters and would eliminate part of
the existing wetland area. Furthermore. the purchase
of these wetland areas would have to include a con
siderable amount of the adjacent upland area.

The second wetland disposal site. located east of
and adjacent to the railroad right-of-way. has several
advantages: purchase would include only a small
amount of the adjacent upland to the south; there
would be only one area to manage; it would not be
necessary to reroute the drainage around strands B
and C; contact with the railroad would be limited to
a single crossing; and. finally, drainage water enter
ing from the railroad culvert to the east would be
available to dilute any pollutants remaining in the
wastewater after leaving the site.

Fritz. Helle. md Ordway 245

:\ preliminary design for this site consists of three
individual wetland areas divided by 3. 1-:n earthen
dike. This would allow alternate 10acii.:Jg of the areas
for management of the system. :\ total area of 16 ha
would be available for the treatment of secondary
wastewater with a loading rate of approximately 19
mmiwk for a flow of 5.2 I. s. Irrigation control struc
tures are located along the dike to permit the use of
various flow patterns through the syste=:t and as a
means of regulating water depth. :\n additional 10.5
ha of land surrounding :he treatmen: area are in
cluded as a buffer. and a shallow swaie along the
southern property line would divert :unoff waters
from the adjacent upland area. :\ ~50.000-1 holding
basin near the secondary :reatment facility would be
used to allow the continuous pumping of 'sastewater
to the disposal site based on a 16-hr ciay. The piping
system consists of 1700 m of ~-in. diameter PVC
force main.

Total cost for this wetland treatment site was
SO.H/l000 I compared \..ith S 0.16/1000 I for spray
irrigation and SO.28/1000 I for advanced ·....aste treat
ment. clearly demonstrating cypress wetland tertiary
treatment alternatives to be cost-effecti \"e.

Comparison of Cypress Wetland Alternatives

Two methods of utilizing cypress wetlands for the
tertiary treatment of wastewater ha\'e been sug
gested. The first method involves ponding secondary
wastewater in cypress wetlands and allowing it to
percolate through the organic layer covering the wet
land's bottom. Treatment occurs by biological uptake
and adsorption by organic and other soil layers. This
process is characteristic of cypress domes.

The second method takes advantage of biological
treatment while the wastewater is flowing over the
surface of the wetland. A cypress strand may be uti
lized in this manner by applying secondary waste
water along the upstream edge and allowing it to
flow through the strand.

One advantage of cypress strands is that they are
commonly larger and therefore more likely to accom
modate the entire volume of wastewater from a treat
ment facility at a single site. This eliminates the need
for a network of force mains and complex flow
control devices. The following cost analysis for a
secondary treatment facility. located near Orlando.
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Based on these assumptions. :l:e =stimated ~ertiary

treatment cost for the dome op::c:: is 50.188 1000 I
compared to 50.03911000 liar :..::e strand option. The
large cost differential is due pri:narHy to the exten
sive force main network and the longer total perime
ter for fences and dikes required in the dome system.

Optimal Usage of Cypress Domes

Recent strategies for wastewater ::-eatment planning
have focused on large regional ::-eatment facilities.
This approach is generally belie';ec to reduce costs
by treating an entire region's was,ewater at a single
large facility.

The cypress dome method dces ::ot appear to fit
this pattern. L'nlike other treaL~ent processes that
may increase in economy as the size of the system
(and treated \"olume) is increased. a cypress dome
treatment system may exhibit an optimum treatment
cost at some flow that is less than the maximum ca
pability of the available wetland area. Factors that
will have the greatest influence on the optimum cost
of a specific cypress dome system are the density of
the wetland area compared to the total land area. the
average dome size. and the spatial pattern of the ex
isting domes.

Several hypothetical cypress dome systems were
considered for flow rates of 2.2. -l:.';. 22. -1-1. and 219
lis (Fig. 24.8J. Average dome areas of 0.01.2 • ..I:, and 6
ha were assumed for wetland areas that comprise
4%. 12.5%. and 25% of the total land area. It was
assumed that the system will be used to recycle sec
ondarily treated municipal wastewater at a loading
rate of 2.5 cm/wk. The pumping time for application
of wastewater was assumed to be approximately 16
hr/day. The pumping and piping costs for the various
flow rates are based on costs reported by Ordway
(1976a).

All domes were assumed to be circular in shape
and equally spaced; thus. the distance between
domes for a given average dome size is a function of
the density of wetland area. Only unit pumping and
piping costs were considered with the assumption
that all other costs remain fixed for a given unit flow
rate. The wetland systems used for chis study were
assumed to contain enough area for treatment of at
least 219 lis. with the treatment facility located near
the center of the wetland system. Dispersal of waste-
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Figure 24.7. Proposed c:;press '.\·etiand recyciing s\'st~m at Or,
lando :>:a\'al Training Center :\nnex in Orlando, Florida (nf =
force main: STP = secondary treatment plant).

Florida. investigates the cost of both of these wetland
alternatives for the same facility.

Orlando Wastewater Plant ~o. 3. located at the Or
lando Naval Training Center Annex. is a trickling
filter facility with a capacity of 32 lis. Numerous cy
press domes surround the annex. and a large wet
land strand. Bog."oy Creek Swamp. is located 3 kIn to
the south (Fig. 24.7J.

A hydrologic loading rate of 19 mm/wk was as
sumed for cypress domes. necessitating 160 ha
of domes. It is unlikely that the domes could be
obtained without the purchase of a considerable
amount of the surrounding uplands. An estimated
320 ha (50% domes and 50% uplands) would have to
be purchased at S7500/ha.

The nearest 44 domes are required to supply the
required 160 ha of wetlands. Secondary wastewater
is conveyed to each dome for a prescribed length of
time each day using a force main network and indi
vidual automatic valves and timers. The force main
network includes more than 27.500 m of 6- and 8-in.
diameter PVC pipe. Fences and earthen dikes are in
cluded around the perimeter of each dome.

Land costs for cypress strand treatment include
the purchase of 160 ha of the more than 24D-ha
Boggy Creek Swamp at an estimated cost of S2500/ha.
A 670D-m force main system (including seven man
ual valves and outlets) is reqUired to apply the
wastewater in a sheet flow arrangement. A fence
would be built around the purchased land.

i
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Figure 24.8. Optimum costs ior cypress dome :reatment.

water from the treatment facility is considered to be
radially outward.

The estimated unit pumping and piping costs for
the range of flow rates up to 219 lis (2 x 10; IIday)
are shown in Figure 24.8. These costs include total
owning and operating costs amortized at 6% over the
expected life of the system. Costs for a given flow
rate and average dome size decrease as the density of
the wetland system increases. Optimum pumping
and piping costs, represented by low points on the
curves. are more pronounced for systems having
smaller average dome sizes and also for areas having
a smaller percentage of wetlands. The optimum flow
rate of wastewater for a given wetland density also
increases as the average dome area becomes larger.

Although the exact spatial pattern of wetlands as
sumed for this analysis will probably not be dupli
cated in many existing wetland systems. the general
cost trends shown may be similar to those found for
domes. A flow-through system based on cypress
strands. however. would be expected to be more eco
nomical for flows that utilize the maximum capacity
of the system.

Conclusions

Cypress wetlands must be economically attractive
compared to other tertiary treatment alternatives in
order to be considered a viable alternati ....e. The cost
effectiveness of cypress wetland treatment is highly
site specific, with the cost of land. length of required
force mains. average daily wastewater flow. and the
type of cypress wetland and surroundings all being
important variables. The cost analysis for Waldo,
Florida. indicates cypress wetlands to be the most
cost-effective tertiary treatment alternative for that
situation.

Two basic types of cypress wetland swamps are
available for treating wastewater: cypress domes and
cypress strands. Cypress strands offer an economic
advantage for larger treatment plants because they
are often available in larger areas. They would also
minimize the total length of force main needed to
apply the flow and length of wetland perimeter that
must be diked or fenced. Comparison of the two
methods for a treatment facility near Orlando. Flor
ida. revealed that it would cost over 3 times as much
to use cypress domes instead of a single large wet
land strand.
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Regjonaliution has often been thought to be the
most alSt-effective method for wastewater treatment
planning for all cases. However. investigation into
the use of cypress domes for tertiary treatment has
shown that optimum daily flows exist for each distri-

bution pattern of domes. This suggests that optimum
sized treatment facilities placed throughout the re
gion would make tertiary treatment costs more at
tractive than one large regional facility if Cl'JlIdSi
wetlands were used.


