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TREATMENT AT CENTRAL VEHICLE
WASH FACILITIES
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ALTERNATI VES FOR SECONDARY TREATMENT AT
CENTRAL VEHI CLE WASH FACI LI Tl ES

1. | NTRODUCTI ON
1.1 Background

Central Vehicle Wash Facilities (CVWs) are designed and
constructed to wash the exterior of tactical vehicles efficiently
and in an environnentally safe manner. The current standard
design for these facilities provides treatnent and recycling of
washwat er for reuse at the wash points. To produce a washwat er
suitable for discharge to the environnment, or for recycling and
safe reuse by troops, secondary treatnent is required. Treatnent
consists of primary renoval of suspended and settl eable solids,
petroleum oils and lubricants (POL) and sone organics foll owed
by secondary treatnent as a polishing step to renove excess
suspended solids, POL and organics. The standard treatnent
scheme at CWWs is primary sedinmentation (with floating PCL
renmoval ) followed by secondary treatnent consisting of
equalization and intermttent sand filtration (Figure 1).

Al though this secondary treatnent technol ogy has been used
successfully at several installations, many desi gners have
expressed concern that guidance found in TM 5-814-9 is too
restrictive. This resulted in investigations being done into
alternative secondary treatnent systens for consideration at
CWFs. The research revealed that intermttent sand filtration,
| agoons, and constructed wetl ands are acceptabl e neans of
secondary treatnent. If designed properly, all three alternatives
will function with little attention fromthe operator. Lagoons
and wetlands require little maintenance, except that the top
surface of sand filters may need period renoval.

1.2 Secondary Treatnment Washwater Quality

Table 1 gives a conparison between wastewater resulting from
washi ng of Arny ground vehicles and typical donestic wastewater.
Regar dl ess of which of the above three secondary treatnent
met hods is chosen, the treated effluent should neet the water
quality standards presented in Table 2. The system shoul d
produce a high quality water for recycle back to the wash
facility, protect troop health, and neet discharge requirenents.

1.3 Hydraulic Loading

Regardl ess of the secondary treatnent system sel ected,
determ ne hydraulic loading in cubic neters (gallons) per day
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based on the total sustained flow of bath nmonitors (if used) and
wash station hoses for an average daily washing period (usually 8
hrs) and for 100 percent utilization of washing fixtures. For
standard CVWFs, TM 5-814-9 recomrends 5.0 1/s (80 gpm) for each
bath nmonitor and 1.6 1/s (25 gpnm) for each wash station hose.

WHEELED SEDIMENT
> VEHICLE - BASIN WITH
WASH OIL REMOVAL
TRACKED
> VEHICLE
WASH 4
EQUALIZATION
BASIN
WATER
SUPPLY
BASIN
A
SAND FILTER  |ee—|
SAND FILTER

Figure 1. General Schematic of Standard CVWF Recycle

Systen.
Parameter Domestic Washrack
Range Range
Total suspended solids, ppm 83 - 258 30 -15700
Total oil and grease, ppm 50 - 150 25 - 3096
Biochemical oxygen demand, BODg, ppm 75 - 276 8-1078
Chemical oxygen demand, COD, ppm 195 - 436 1056 - 1620
pH 6.8-7.5 7.0 -8.1

Table 1. Vehicle washwater characteristics compared to domestic
wastewater.
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Table 2. Effluent quality criteria.

Parameter Maximum Concentration
Total Suspended Solids (TSS), ppm 60

Total Qil and Grease, ppm 10*
Chemical Oxygen Demand (COD), ppm 100

pH 6.0-9.0

Fecal Coliform, colonies per 100 ml 100

*Effluent shall contain no visible sheen and shall be compatible with and not
interfere with the installation domestic wastewater treatment process.

2. | NTERM TTENT SAND FI LTRATI ON
2.1 Background

The intermttent sand filter has been the standard secondary
treatnent unit process used at the mgjority of CVWs constructed
to date. The filter is an efficient treatnment process. The
wast e washwater fromthe equalization basin is distributed over
the surface of the filter bed by neans of flooding, perforated
di stribution pipes, or distribution troughs. The wastewater
solids are filtered or oxidized in passing through 60 to 76 cm
(24 to 30 inches) of carefully selected sand. G eater sand
dept hs do not produce significant additional purification. A
filmcontaining aerobic and nitrifying organisns may formon the
gravel and sand particles of the filter. Suspended solids are
renmoved t hrough physical processes when nmaki ng contact with sand
and gravel grains. The process is also effective in reducing
ni trogen conpounds and al gae popul ati ons through a conbi nati on of
physi cal and bi ol ogi cal processes w thout the addition of
chem cal s.

2.2 Description

The intermttent sand filter is an outdoor, gravity,
filtration systemused for polishing the waste washwater by
further reducing, COD and suspended solids. The filter surface
is flooded intermttently with water fromthe equalization basin
at intervals which permt the surface to drain between
applications. A typical plan and cross-section is shown in
Figure 2. It is preferable to have a m ninmumof four filter
cells where good operation and treatnent can be acconplished over
a 4-day cycle.

2.3 Construction
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The filter contains underdrains laid at a depth of three to
four feet and surrounded with |ayers of coarse stone and gravel
graded fromcoarse to fine to keep the overlaying sand out. Since
this is a recycle system the filter nust be provided with an
i nperneabl e bottomor lining. Influent wastewater is punped from
the equalization basin to the bed through distribution pipes and
distributed evenly over the surface.

2.4 Limtations

The two limtations associated with sand filters are the
| arge |l and areas required and the strict specifications and
availability of filter nedia required. Land area should not be a
problem at the installations; however, availability of sands
nmeeting the specifications, which may not be avail able | ocally,
can drive up the cost significantly if inported froma distance.

2.5 Sand Filter Design

Design sand filters for the average daily flow of washwater
generated at the pre-wash (vehicle bath), if used, and final wash
stations over the average daily wash period. For a standard
CWWF, TMb-814-9 provides flowates for each bath nonitor and for
each wash station hose. The normal average wash period is 8
hours, but this can vary between facilities. The percent
utilization of wash points needs to be considered for design
pur poses. Depending on the soiling conditions in the training
areas, the application rate should be between 4, 600-12, 200
n?/ ha/ day (490-1, 300 kgal /acre/day), which is equivalent to
flooding the filter to a depth of 15 to 41 cm (6 to 16 in).
Recomended hydraulic loading rates to the filter based on soi
type nunber (S~) (see TM 5-814-9) are given in Table 3 and
reflect the range of | owest clay content (S=1) to highest clay
content (S~=5) of soils in the training areas.

Table 3. Hydraulic loading rates f or intermttent sand filters.

Soil Type Number, S, Loading Rate, gpd/acre Loading Rate, m*/ha-day
1 1,3000,000 12,200
2 1,000,000 9,400
3 850,000 8,000
4 650,000 6,100
5 490,000 4,600

2.6 Filter Sand
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It is inportant to use sel ected sands neeting the
specifications given in Figure 3. The sand grains should be
somewhat uniformin size rather than fromfine to coarse to avoid
premature clogging of the filter. These are generally described
by their effective size (e.s.) and uniformty coefficient (u).
The e.s. is the 10 percentile size, i.e. only 10 percent of the
filter sand by weight, is smaller than that size. The uniformty
coefficient is the ratio of the 60 percentile size to the 10
percentile size. The sand for single-stage filters should have
an e.s. ranging from0.20 to 0.40 nmand a U of |less than 3.5,
with less than 1 percent of the sand less than 0.2 mMm In the
general case, clean pit-run concrete sand is suitable for use in
intermttent sand filters provided the e.s., U and m ni nrum sand
size are available. Use |ocal sands and gravels if avail able.
The sand filter media nmust be carefully constructed and settled
by fl ooding, and distributor and collector pipes |laid at exact
gr ade.

DISTRIBUTION
TOP OF
PIPE -\z:l [/’SAND

< 1% OF FINES PASSING
#200,0.2 MM < D yp< 0.4 MM
UNIFORMITY COEFFICIENT
De/Dy < 3.5

SAND 36"

4 0.5° AGGREGATE

WASHED 3 1.0° AGGREGATE
GRAVEL -
55
15'-20° AGGREGATE __;_
SLOPE COLLECTION PIPE
> AR
- MPERVIOUS LAVER

Figure 3. Intermittent Sand Filter Media Cross Section
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2.7 Dosing Frequency and Techni ques

Each filter cell should be designed to receive three doses
per day, one every 8 hours, seven days per week. The dosing
sequence using equal dosing per day per filter and delivered by
an automati c dosing device or individual punps for each cell is
recommended.

2.8 Dosing Rate

The recommended dosing rate to each filter cell during each
of the three dosing intervals should be 360 to 719 1pm (95 to 190
gpm per 93 nt (1000 ft?) of filter surface area applied for 20
to 40 mnutes. Alternating doses between filter cells is
acconpl i shed by notor operated valves on electronic tinmers for
punped systens.

2.9 Typical Construction and Equi pnent
2.9.1 Construction

The basic construction of sand filters includes piping,
graded sand and gravel, excavation and enbanknment. Excavation
and enbanknent consists of exterior side slopes, inpervious |iner
of clay or synthetic material, and 3 m (10 ft) w de access dike.
The ends of filter cells are provided with concrete ranps for
access for equipnent to renove or replace sand. Each filter cel
is separated from adjacent cell with a wooden baffle. There are
no provisions for backwashing CVYWF sand filters. Initial sand
depth nust be 0.90 m (36 in) to provide adequate contact surface
for treatnment. Sand characteristics are well graded with
effective size between 0.2 to 0.4 nm

2.9.2 Equi pnent

Wastewater is punped fromthe equalization basin through a
ductile iron pipe to the sand filter. O her piping consists of
15 cm (6 in) lateral underdrains with 3 m (10 ft) spacing and a
surface distribution system consisting of UV protected perforated
pl astic pipes placed on the surface of the sand in a grid
pattern. Drilled orifices in the pipes should be no |less than 4
mm (0.16 in) to prevent clogging. The distribution systemis
laid out as a manifold to distribute water as evenly as possible
over the filter cell. It is recommended that new designs include
cl eanouts on the upstream ends of |ateral underdrains and
collector main to correct any bl ockages which may occur.

2.10 Expected Filter Performance

A-11
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Sand filters provide an exceptionally high quality water
reuse at the wash stations.
anal yses of CVW wastewaters applied to,
sand filters and correspondent

whi ch can be recycled for

Tabl e 4.

r enoval

if any, bacteria in the filter effluent,

necessary or required

Tabl e 4 Typi cal

Since there is little,
no disinfection is

Typi ca
and leaving intermttent
efficiencies are shown in
A large reduction in turbidity, BOD;, COD, oils and
grease and suspended solids is obtained.

intermttent sand filter treatnment efficiency

(from Yakima Firing Range, WA, test results).
Parameter Influent Effluent Percent
Concentration | Concentration | Reduction
Total Suspended Solids, TSS, ppm 122 7 94
Volatile Suspend Solids, VSS, ppm 19 1.9 20
BOD (5-day), ppm 13 5 61
pH 7.6 7.4 NA
L

* Pre-treated by sedimentation followed by equalization.

2.11 COperational Considerations

Qperation of intermttent sand filters requires nmuch nore
training of the operators than the operation of |agoons or
wetlands. Intermttent sand filters operate with little operator
attention when automatic dosing systens are fully functional.
When automati c dosing systens are nmal functioni ng, however,
responsi bility for managing the dosing falls on the operator in
t he manual node. This requires know edge and under st andi ng of
the treatnment system since inproper dosing of the sand filters
| eads to premature plugging and costly maintenance. To elimnate
sone of these problens, it is recommended that each filter cel
be designed with a separate automatic control for dosing.
Al though it may add to project costs, a backup dosing tank is
al so recommended.

2.12 Mai ntenance Consi derations
As waste washwat er passes through the filter bed, suspended
solids and other organic matter are renoved through a conbination

of physical straining and biol ogi cal degradation processes. The
particle matter collects in the top 5to 8 cm(2 to 3 in) of the

A-12
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filter bed, and this accumul ation eventually cl ogs the surface
and prevents effective infiltration of additional effluent as
wel | as ponding on the surface. Wen this occurs, the bed is
taken out of service, the top |layer of clogged sand is raked,
tilled or renoved, and the unit is put back in service. Renoved
sand can be washed and reused at a later tine or can be

di scarded. Past experience has shown that sand filters used at
CVWFs in training areas wwth high clay content require nore

mai nt enance than those in training areas wth sandy soil. Al so,
it is possible that pondage due to sl ow drai nage coul d encour age
al gae gromh. A treatnent program may be necessary to keep al ga
growt h from plugging the surface. The desi gner nust consider

t hese mai nt enance aspects and include in the design, neasures for
access, cleaning equi pnent, and ease of renoval of surface

di stribution piping. Experience at existing CWFs is that al

not or operated val ves throughout the facility are potenti al

mai nt enance or repair problens, particularly those that are
opened and cl osed often. This has been the case with filter
dosing valves. Top quality valves constructed of materials
suitable for the product and environnent should be specified.

3. LAGOONS
3.1 Description

Lagoons for use at CVW\Fs are the sinplest of the treatnent
alternatives. They are essentially internediate depth ponds with
depths ranging from1l1l to 2.5 m(3 to 8 ft). These |agoons
operate as facultative |lagoons with wastewater stratified into
t hree zones consisting of an anaerobic bottom | ayer, an aerobic
surface layer, and an internediate zone. Stratification is the
result of solids settling and tenperature/water density
variations. Oxygen in the upper zone is provided by natural
reaerati on and phot osynthesis whil e anaerobi c processes operate
at the bottom | ayer. Lagoons are customarily operated in series
for optimum performance. The usual case is for two or three
| agoons to be linked in series. Because of this arrangenent, the
first lagoon may be used as an equalization basin and | ocated
after the sedinent basin. A typical flow schematic of a CVWWF
with [ agoon treatnent is depicted in Figure 4 (next page).

3.2 Design Criteria
3.2.1 Configuration

Qperate at least two to three cells in series. Parallel
cells may be used in | arger systens.

3.2.2 Sizing

A-13
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WHEELED
ra- VEHICLE
WASH
L'aeﬁ,?gfg SEDIMENT| SEDIMENT
WASH BASIN BASIN
WITH OIL WITH OIL
REMOVAL | REMOVAL.
LAGOON
WATER
SUPPLY - LAGOON
BASIN

Figure 4. Typical Flow Diagram--Lagoons

Si ze | agoons according to detention tinme. The desired total
detention tinme for the entire lagoon treatnent is 14 days based
on the peak hydraulic |oading. Detention tinme and flow through
t he | agoon can be controlled through use of strategically placed
floating baffles. Sedi ment accunul ati on and storage vol unme over
a 20 year period nust be estimted and incl uded.

3.2.3 Depth

Lagoon effective water depth should be between 1 to 2.5 m (3
to 8 ft) deep. There is very little practical advantage to
constructing | agoons deeper than 2.5 m It is recommended that
effective design depth be set at 2.5 m but all ow shal |l ow dept hs
to accommodat e topography since a 2.5 mdepth would require |ess
| and area and | ess cost to construct than, say a 1 m(3 ft) depth
for the sane capacity. |In sites where, by virtue of the
t opogr aphy, a deeper |agoon, or a |agoon which is deeper in parts
may be cheaper to construct, a variable depth should not pose any
problens in treatnment efficiency. Primary |agoons shall ower than
1 mshould be avoided since they will be affected by solids
deposition, and these as well as the follow ng | agoons woul d
possi bly al so be affected by vegetation growth, reduced vol une
and hydraulic capacity. Sedinent volune can be conputed by
addi ng the expected annual sedinent |load fromall tactical
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vehi cl es washed at the rate of 1.4 n¥/yr (50 ft3/yr) per tracked
and 0.4 n#/yr (15 ft3/yr) per wheel ed and assum ng a 20 percent
carry-over fromthe sedinent basin for a 20 year period.

3.3 Construction and Equi pnent
3.3.1 Topography and Siting

Lagoons are comonly contained within earthen dikes.
Dependi ng on soil characteristics, lining with various inpervious
materials such as rubber, plastic or clay may be necessary. The
| agoon nust be well protected fromerosion and the entry of
natural runoff. Adapt the | agoon to the surroundi ng topography
where possible, as it is less costly to include existing
depressions or valleys rather than to fill themin. Lagoon
bottons may be | evel or graded to suit topographical features in
t he best possi bl e way.

3.3.2 Inlet and CQutl et Control

The inlet to the primary | agoon may require special features
to prevent accunul ation of solids at one |ocation. D scharge
shoul d be bel ow the water |evel and near the bottom but not so
low that material will choke the inlet pipe. Qutlets wthdraw ng
water only fromthe surface are not recomended. Subnerged or
baffled outlets are preferable to reduce the effects of therma
stratification and prevent floating materials and scum from
passing out with the effluent. The baffle should reach to about
0.3to0 0.46 m(1 to 1.5 ft) below the normal water surface.

3.3.3 Piping

When succeedi ng | agoons are at the sanme |evel, subnerged
oversi zed connecting pipes or overflow weirs should be used to
reduce the velocity of the overflow water. The connecting piping
shoul d not be so | arge, however, that peak or surge discharges
entering the first |agoon are not bal anced out, or else a simlar
peak outflow fromthe first lagoon will followwithin a very
short tinme. An alternative to using the capacity of the | agoons
to bal ance storage is, of course, to construct an additi onal
storage | agoon or water supply basin for storing effluent from
the final |agoon, and to withdraw fromthis storage at a constant
rate.

3.3.4 Construction Features
Sl opes of enmbanknments should be dictated by standard

engi neering practice for small dans. Details at water edge
shoul d be designed for preventing growmh of vegetation. Capital
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i nvestnment for weed and erosion control may well be repaid by
savi ngs in maintenance costs. Provide 3 m (10 ft) w de m ni mum
bernms around | agoons, access ranps to the bottom neans of
draining, and fencing to keep out animals and unauthori zed
personnel .

3.3.5 Liners

G oundwat er pollution from seepage nust be regarded as a
possibility for |agoons. Unconfined seepage | osses can be high
and vary over a w de range depending on the geol ogy of the |agoon
bottom and the materials used to construct the walls. If a
| agoon is constructed in a high porosity soil (low clay content)
or an unusual geological formation, then take steps to seal the
bottom by inporting and conpacting a | ayer of naturally
i npervious soil, or otherwise wth installing a synthetic |iner
system For synthetic liners, assure that the liner will not be
ruptured and where it is exposed at the water's edge it should be
anchored and covered over to protect it agai nst damage and the
weakeni ng effect of UV light. Unfortunately, sealing a | agoon
approxi mately doubles its capital cost. Mst states require that
I ined | agoons be provided with neans of nonitoring or detecting
| eakage through them

3.4 Tr eat nent Perf or mance

Limted experience with the | agoon systemat the Ft. Hood,
TX, CWWF suggests that | agoons can provi de an exceptional water
for recycle (Table 5). Chem cal Oxygen Demand (COD) reductions
of 57 to 73 percent were reported. Effluent suspended solids
concentrations of O to 19 ppmwere achieved. It is not known how
CVWF | agoon treatnment will respond to occasional input of
petrol eum products or cleani ng conpounds as have occurred at
these type facilities. As a safeguard, troops nmust be instructed
to cease such practices and a policy enforced to prevent dunping
or using these products at CVWFs in order to prevent |agoon
treat ment upsets.

3.5 Limtations

Lagoons require nore |land area than do intermttent sand
filters. Because of evaporative |osses, nore nmakeup water or
replacenent water will be required with | agoon treatnent than
with sand filters or constructed wetlands. Also, it is possible
that as solids accumulate in the bottom of |agoons, that they may
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Tabl e 5. Lagoon water quality data, Fort Hood, TX--lst Cavalry
Di vi si on.
Parameter Cell 1 Cell 2
Influent Effluent Effluent
{Average) (Average)
Suspended Solids, mg/L 83 12 6
COD, mg# 30 20 19
Grease and Qil, mg/l 0.2 0 0]
pH 6.8 6.7 6.6
becone re-suspended by wave action, normal turnover or by aquatic

life thereby affecting the quality of the recycl ed washwater.
Washwat er quality may al so be affected by degradation of feces
fromaquatic birds and nammal s. Lagoons are al so subject to
al gae bl oons.

3.6 Reliability, Operability and Maintainability

The service life of a lagoon is estimated to be 15 to 20
yrs. Little operator expertise or know edge is required to
operate a | agoon treatnent system Inlet and outlet structures
must be checked periodically for bl ockages. To check for | eakage
t hrough a lagoon liner, the total volunme of water in the recycle
system shoul d be nonitored for | osses. Unless severe | eaks
appear, it is unlikely that any significant nmai ntenance or repair
actions will be required. Sedinent storage within the | agoon
nmust be provided throughout the design life of the |agoon. This
is calculated by multiplying the anticipated flow by the
antici pated sedi nent renoval efficiency.

4, CONSTRUCTED WETLAND TREATMENT
4.1 |Introduction

The capability of wetlands for purification of wastewater is
wel | known, proven, and has been practiced extensively worl dw de.
Constructed wetland treatnent systens (CWMS) are now recommended
for use because they are lowin cost, |lowtech, and can be
applied to renpte siting situations. This section discusses
general design, construction and operational guidelines for
design of CMS at CVWWF installations. These guidelines can
assi st the engineer in designing a CMS, however, each systemis
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site specific, and all designs should be prepared and revi ewed by
experts on a site-by-site basis. Designs should be coordinated
with installation and State regulatory officials. Since the CWMS
is arelatively new technol ogy for CWFs, these guidelines may
undergo future revision as better information is devel oped and
anal yzed.

4.2 Applicability

Constructed wetlands are specifically designed for
wastewater treatnment and are suitable for |ocations where natura
wet | ands never existed at the time of construction. Unlike
natural wetlands, constructed wetlands are considered to be a
unit treatnment process and not a "receiving water", and are
therefore not subject to applicable |laws and regul ati ons for
di scharge into waters of the U S. (40 CFR Part 122.2). These two
reasons make CWS directly appropriate for use at CVWFs. Figure
5 shows a typical flow schematic of a CVWW with constructed
wet | and treat nent.

SEDIMENT
BASIN WITH

OIL REMOVAL
SEDIMENT

L = BASIN WITH -
WASH Ol REMOVAL
STRUCTURES
3
Ml - CONSTRUCTED |,
BASIN WETLAND

Figure 5. Typical Flow Diagram--Constructed
Wetland

4.3 Process Description
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Constructed wetl ands treat effluent through physical,
chem cal and biol ogi cal processes in the sane nanner as natural
wet | ands. Proper design, construction and operation of a CMS
optim zes the natural process. The waste washwater either flows
over the surface of the wetland bed and is filtered through
aquatic plant stenms, or through the stratumin which the plants
are rooted. Plants are the principal biological neans of
cl eansi ng wastewaters, but actual renovals occur through a
conbi nati on of physical, chem cal and biol ogi cal exchanges
between the plant life, the substrata and the biology which is
created. Plants provide a surface for bacterial growth, a filter
medi a for renoval of solids, and a neans for oxygen transfer to
the root system The root zone provides the aerobic environnment
for deconposition of organic matter

4.4 \Wetl and Type

There are two types of CWS each characterized by the flow
path of water in the system The first type, called the surface
flow (SF) wetland and depicted in Figure 6a (next page), contains
energent aquatic vegetation in a relatively shallow bed or
channel. The surface of the water is exposed to the atnosphere
as it flows through the bed. The second type (Figure 6b) is
call ed a subsurface flow (SSF) wetland, and contains a foot or
nore of pernmeable nedia, i.e., rock, gravel, sand or soil. The
medi a supports the root system of energent vegetation, but in
this case, the water level in the bed is always nmai ntai ned bel ow
the top of the nedia so that all flowis below the surface.
Surface flow cells are nore adaptable and cost effective for
handl i ng high | evels of suspended pollutants. The SF wetl and
offers hydraulic resistance to flow through the vegetation,
resulting in decreased velocities and increased deposition of
suspended solids, the major constituent of concern. For this
reason, and to prevent clogging of the inlet zone of the wetl and,
as well as maintaining | ow residence tinmes for recycling, the SF
wetl and is the recommended type for use at CVFs.

4.5 Perfornmance Expectations

Wet | ands reduce many pol lutants includi ng Bi ochem cal oxygen
Demand (BOD,), suspended solids (TSS), phosphorus, trace netal s
and trace organics. This is acconplished by diverse treatnent
mechani snms, nanely sedinentation, filtration, precipitation and
absorption, mcrobial interaction and uptake by vegetation.

Table 6 shows a summary of sone of these water quality paraneters
from studies conducted at the Ft. R ley, KS, CWF constructed
wet | and.
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Waste water level is above the
ground surfsce, water flow is
primoarily sbove ground; vegetstion

is emergent shove the water surface;
vegetation is planted or allowed

to establish voluntarily.

'\
.

. . Woetland Plants
. * and Waste Water

X 3 Y < ~ M\ Soil
! B A
e

Liner

A Native Soil

8. Surface Flow Wetland

Waste water level is below

ground surface, flow is
through soil or grave! bed;
root penatration is 10
bottom of bed; wetland
plants are typlcally
cattall, bulrush, or reed.

Wiatiand Plants

Soil, Sand, or Gravel,
and Wasts water

Liner

Nativa Soil

b. Subsurfacs Flow Wetland

Figure 6.
Systems.

Types of Constructed Wetland Treatment
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Tabl e 6. Constructed wetland treatment water quality data
for CWIF at Fort Riley, KS.

Parameter Influent Effluent
Range Avg Range Avg
Suspended solids, ppm 46 - 1124 259 0-75 12
Volatile suspended solids, ppm 6-159 37 0-73 7
COD, ppm 12 - 130 41 9-50 25
BOD;, ppm 10 -39 22 8-23 13
Oil & Grease, ppm 0-23 2 0-1 0.09
pH 7.8-8.6 8.1 7.3-7.9 7.6

4.5.1 BOD, Renova

Moderate to high renoval efficiencies can be expected for
retention tinmes of even |l ess than one day. Since typical
retention tines are 2 days or nore, renoval efficiencies can
exceed 80 percent for the primary treated CVWF waste washwat er
when wetl and influent concentration is high.

4.5.2 Suspended Sol i ds Renoval

The potential for wetlands to assimlate TSS is very simlar
to BOD; renpoval potential. Renoval rate and efficiency are
consistently high. Renoval of residual inorganic TSS carried over
to the wetland fromthe sedi nent basin and/or equalization basin
occurs rapidly in the inlet zone of the wetland due to filtration
and sedinentation. Pretreatnent assures high renova
efficiencies since the wetland is protected from high inorganic
TSS solids bl ankets which woul d otherwi se build up rapidly
causing short circuiting. Remaining solids can be stored for
| ong periods without inpacting the operation. The wetland can
store biomass produced within the system and can al so polish
colloidal or fine solids not renoved in the primary treatnent
process. Wetlands for CVWFs shoul d be expected to consistently
produce a polished discharge to the washwat er supply basin of
| ess than 30 ppm and often | ess than 20 ppm of suspended solids.

4.6 Wetland Design Consi derations
4.6.1 Siting
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The primary consideration for siting the CWIF is that it be
| ocat ed near the permanent cantonment area and between the
training areas and mai nt enance shops/notor pools. |If constructed
wetl and treatnment is to be used, then secondary considerations
such as soil type and topography which affects gradi ng and
excavation costs, may influence the actual choice of the site.

For exanple, natural clay soils mght provide an inperneabl e
bottom for the constructed wetland or sufficient topsoil (6 to 12
inch | ayer) may be avail able to enhance grow h of vegetation. The
anmount of area required for the constructed wetland wll vary
depending on the |oading rate, wastewater volune and quality, and
treatnment efficiency desired. Location and configuration should
t ake advantage of gravity flow and natural topography to mnimze
excavation, grading, and punping costs. The wetland shoul d be

| ocated in an upland area where sl opes are not excessive (Il ess
than 2 to 5 per cent). Construction will be easier with soils of
naturally |low perneability. Previously drained or altered
natural wetland areas, if close to the washrack site may be
ideal. Soils nmust have sufficient stability to support dikes and
wat er control structures.

4.6.2 Pre-Application Treatnent

The wash facility wll generate waste washwater wi th high
i norgani ¢ suspended solids concentration (100-20,000 ppn) as well
as oils and greases which may otherwi se clog the wetland and
render it ineffective in a short time. |In order to prevent this,
a sedinment basin with oil renoval, designed in accordance with T™M
5-814-9, nust be |located upstreamof the wetland as is done with
sand filter and | agoon treatnment. Trap efficiencies for this
sedi nent basins have frequently been as high as 85-92 percent
depending on the soil types carried in. |If this level of
efficiency cannot be denonstrated through bench tests, then a
fl ow equalization basin nust be added between the sedi nent basin
and the CMS to attenuate flows and further renove solids carry-
over to the above | evels. Besides heavy sedi nent | oads, pre-
treatment renoves other pollutants such as hydrocarbons that can
damage the wetland. Pre-treatnent also hel ps attenuate fl ow
vol unmes and peak rates to maintain the CWMS detention tinme and
prevent or reduce scour and erosion. During construction,
erosion and sedi nent control neasures are required to prevent
premat ure sedi nentati on of the wetl and.

4.6.3 Renoval Kinetics
Performance of constructed wetlands is based on plug flow

kinetics. The basic relationship is [CC] = exp(-K;t) where C
= effluent concentration (ppm, G = influent concentration
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(ppm, K, = tenperature-dependent reaction rate constant (days?),
and t = hydraulic residence tine. A design equation specifically
for TSS renopval is not generally avail able. However, it has been
noted that the renoval kinetics expressed above are simlar for
organi c (BOD;) and inorganic constituents (TSS) in constructed
wet | ands. Renoval of TSS occurs due to the qui escent conditions,
t he shal |l ow depth, and the surface resistance by the vegetation
in the system Flocculation and settling account for the high
renmoval of suspended solids.

4.6.4 Sizing

The equation above inplies that as hydraulic residence tine,
ti increases, effluent concentrations of bio-degradable
contam nants decrease. Consequently, hydraulic residence tine
becones the principal design and operational paraneter for
optim zing the performance of the wetland. The hydraulic
residence tine (t) for an unrestricted plug flow systemis
expressed by

t = ADn/Q
where A, = area of wetland
= (L)ength x (Width
D = water depth
n = porosity, and
Q = average flowrate

(flow, + flowy)/2

In an SF wetl and, sone of the volune is occupied by the
vegetation so that the actual detention tine is a function of the
porosity (n), defined as the remaining cross-sectional area
available for flow Porosity is expressed as n = V/V, where V,
is the volunme of voids and Vis the total volune. The product of
n and Dis, for all practical purposes, the "equival ent depth" of
flowin the system Wth known values of Q and estimated val ues
of t and D, a conservative value for L x Wcan be cal cul at ed.
Prelimnary data from TVA systens indicate the volunes of severa
comon plants are: cattails (Iypha)--10 percent, bulrush (Scirpus
val i dus)--14 percent, reeds (Phragmtes)--2 percent, wool grass
(S._cyperinus)--6 percent, and rushes (Juncus)--5 percent.
Correspondi ng porosity val ues woul d range between 86 and 98
percent. For nost wetland designs with cattails, a porosity, n,
of 0.90 woul d be representati ve.

4.6.5 Hydraulic Residence Tinme (t)

The | onger the wastewater is detained in the CWMS, the
better the treatnent and performance. The flow velocity, and
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therefore, the hydraulic residence tinme (HRT) through the wetl and
is a function of flow, slope, water depth, vegetation, areal
extent, and geonetric shape (aspect ratio). HRT's of 2 to 7 days
shoul d be adequate to allow optimal tinme for biol ogical
assimlation of nutrients and filtering of suspended solids in
the wastewater. Figure 7 shows renoval data froma SF wetland in
Arcata, CA. There appears to be no appreci abl e additi onal

removal of suspended solids for total detention tinme beyond 2
days, therefore, the recommended HRT to use in sizing
conputations is 2 days. Detention tinmes approaching 7 days for
suspended solids are ultra-conservative and woul d increase the
area requirenents and cost for the wetland. For unusual cases of
treating primary effluent at CVWFs, BOD; renoval shoul d be
designed for at |east 5 days detention.

100
80 - - Suspended solid
¥
1
3
2
-3
a
—
[+ . g v T v L v 4 d 14 v
) 1 2 3 4 s 3
Detantion time (days)
Figure 7. Suspended Solids Removal in a Wetland Cell.

4.6.6 Length and Wdth

The aspect ratio (length/w dth) of SF wetl ands has been
found to be an inportant factor in inproving renoval efficiencies
for BOD, and TSS in wastewater. D nensions should be established
to maxi m ze wastewater contact with the entire surface area of
the wetland. 1In addition, the aspect ratio is an inportant
design factor to ensure plug flow conditions and mnimze short
circuiting. The optimal wetland configuration is |long and narrow
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wi th an aspect ratio approaching 10. For SF systens, an aspect
ratio of 10 is expected to achieve consistent internal flow

di stribution and reduce short-circuiting that is likely to occur
in shorter rectangul ar SF cells.

4.6.7 Water Depth

Water depth in an SF systemand the tinme duration of
flooding are factors in selection and nai ntenance of the wetland
vegetation. Cattails are adept in subnmerged soils where standing
water depth is up to and over 150 mm (6 in) . Water depths in
excess of 30 to 46 cm (12 to 18 in) are inappropriate for
cattails. Reeds will growin water up to 1.5 m (5 ft) deep
Bul rushes can tolerate | ong periods of soil subnmergence and can
tolerate water depths of 7.5-250 mm (0.3-10 in). Water |evels
shoul d be kept very shallow in surface flow systens until plants
begin rapid growth and spreading. Depths should not exceed the
pl ant stens. Operating depths are typically shallow 15 to 30 cm
(6 to 12 in) to increase potential aerobic conditions.

4.6.8 System Configuration

The configuration of a CWMS system influences the renoval
efficiency for TSS. A good configuration retains wastewater for
a mninmumof 2 to a maxinumof 7 days. The bottom shoul d be
evenly graded to prevent short-circuiting and bernmed to maintain
the distribution of the flowwthin the wetland. Alternative
configurations including single cell, parallel cells, serial
cells, serpentine, or conbinations of these, can be seen in
Figure 8 (next page).

(a) Single Cell. A single cell (Figure 8a) is the sinplest
design and the | east expensive to construct, but operational
flexibility is limted, particularly if it needs mai ntenance
during the washing season. A single cell is recommended only for
smal | wash facilities wiwth flows | ess than 190, 000 | pd (50, 000

gpd) .

(b) Cells in Parallel. At least two parallel cells are
recomended for a CMS to increase operational and mai nt enance
flexibility (Figure 8b). Flowis distributed equally or
proportionally between the cells based on | oading rates or other
reasons. One cell may be drained for maintenance while the other
continues operating though treatnent effectiveness may decrease.
Periodically draining SF cells on a rotating basis enhances
mosquito control. Internal divider dikes and flow distribution
boxes w Il increase construction costs. The flow splitter
structure and flow distribution system nust be flexible and
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7 a. Single cell c. Series cells
B C¥ H 1+ o
= C¥ b o s
- 1 I
b. Parallel cells d. Series serpentine cells

Figure 8. Alternative Configurations for Constructed
Wetlands.

accurately constructed to provide even distribution and
alternation to the cells at all heads.

(c) Cells in Series. Cells arranged in series can be
| ongi tudi nal or serpentine (Figure 8d) depending on siting
conditions. Both arrangenents present the sane limted
operational and maintenance flexibility as single cell systens
unl ess piping and val ves are provided so that individual cells

can be by-passed. In a serial cell configuration, nost of the
suspended solids would be retained in the first cell. By-passing
to the second cell would elimnate this problem but the effluent
woul d have to be punped back to the first cell. This option may

not be a good choice for CWs.

4.6.9 Sl ope

To mnimze short circuiting, a |ateral slope (across the
wi dth) of zero and a uniformlongitudinal slope (frominlet to
outlet) of fromO to a maximumof up to 1 per cent, as limted by
construction tol erances, is recomended for a SF system Sl opes
of 0.1 or 0.2 per cent would be better for nost sites. Surface
fl ow systens are constructed wwth a bottomslope in the direction
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of flowfrominlet to outlet end. This allows the effluent to

fl ow horizontally through the established wetland plants to the
outlet. In these systens, the water surface is higher than the
top of the substrate. Sone slope is needed to drain the cell for
mai nt enance and possi bl e vector control.

4.7 Considerations in Wetland Constructi on
4.7.1 Substrate

Substrates for SF wetl and vegetation can be natural soils
(clay or topsoil) or soil mxtures. Substrate depth and
vegetation type should be conpatible. The desirable vegetation
shoul d grow densely, spread rapidly and have an extensive
vertical /horizontal root system For SF systens, local soil is
used with underlying inpernmeable soil or liner to protect
gr oundwat er .

4.7.2 \Vegetation.

(a) Species. The common energent vegetation includes
bul rush (Scirpus validus), reed (Phragmtes australis), cattail
(Typha latifolia and T. anaustifolia) or soft-stem bulrush
(Scirpus validus). These species thrive in many environnent al
conditions and climates and are easy to propagate. They also are
hardy and grow quickly. O her preferred species to consider
i ncl ude: Typhaceae (cattail famly), Cyperacea (sedge famly)
G am near (grass famly) and Junacaea (rush famly). Use plant
species that grow naturally within the regi on and sel ect species
whi ch have extensive vertical and |ateral root grow h.
Veget ati on provi des the appropriate surfaces for mcrobial growth
on roots, rhizonmes, |eaves and stens, filters solids, and
transfers oxygen to provide an aerobic/oxidizing environnent for
deconposition of organic materials. Energent vegetation can be
transplanted locally but this will be time consumng, difficult
and costly to acconplish. Maxi num bed depths for bulrush, reed
and cattail should be 0.76 m (2.5 ft), 0.6 m(2 ft), and 0.3 m (1
ft), respectively.

(b) Sources. Energent vegetation can be transpl anted
locally but this wll be tinme consum ng, and costly to
acconplish. Vegetation can be purchased fromreputabl e plant
nurseries who provide stock exclusively for these purposes. A
partial list of plant materials suppliers is provided in
paragraph 8. Additional sources are listed in reference 5 which
is available from USA-WES or NTIS. Only a few commerci al
nurseries specialize in wetland plants for wetland construction.
There are al nost none in the central and western U . S. O her
sources include state nurseries, comercial nurseries, and seed
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conpanies. Regional lists of dealers in plants for conservation
pl anting are available fromthe Soil Conservation Service, and
these lists are invaluable for obtaining wetland adapted speci es.
vegetati on shoul d be obtained fromregional sources to mnimze

| osses.

(c) Planting. Planting vegetation in the northern U S.
shoul d occur during late spring (May 1-June 30) to early fal
(August 15- Sept enber 15) to obtain as nuch growth as possible
prior to winter in cold regions, thereby, reducing w nter
nortality. Prepare the planting area by spreadi ng heavy topsoi
to a depth of at least 10 cm (4 in). Plant the vegetation in no
less than a 1 m(2 to 3 ft) grid pattern. This spacing should
produce a uniformcover in one to two grow ng seasons. Cattails
pl anted at approximately one neter intervals will produce a dense
stand within 3 nonths. Use plants which, when pruned, have a 6-
to 12-in stal k above the roots. Specify planting so that the
root portion is in the water and the stal k above. The water
| evel should be adjusted to 2.5 to 5 cm (1 to 2 in) above the top
of substrate for SF systens during plant establishnent.

4.7.3 Liner

Constructed wetlands typically include sone type of barrier
to prevent infiltration of groundwater into the cell and seepage
and potential groundwater contam nation beneath the bed. These
range from conpacted earth (clay) to nenbrane liners. |If
groundwat er contam nati on or water conservation is a concern, an
i nperneabl e Iiner below the substrate layer is required. Possible
materials are conpacted in-situ soil (perneability |Iess than 10-6
cmsec), bentonite, asphalt, and ethyl ene propyl ene di ene nononer
(EPDM), synthetic butyl rubber, polyvinyl chloride or
pol yet hyl ene menbranes. The |iner nmust be strong, thick and
snooth to prevent root penetration and attachnent. Pol yethyl ene
liners should be between 0.5 nmto 1.0 mmt hi ck.

4.7.4 Distribution

Cell flow inlet design nmust mnimze short-circuiting and
stagnation. For influent distribution use header pipes or
troughs to provide uniformwastewater distribution across the
wi dth. The distribution piping or trough spreads the flow evenly
over the wwdth of the cell to create “sheetflow conditions.
Distribution pipes are provided wwth swivel tees with el astoneric
joints approximately 8 ft (2.5 n) apart and placed on top of a
rock bed containing 2 to 4 in (5 to 10 cn) dinension stone. In
this case, the stone serves as a pipe support, but it also serves
as a neans to convert a point discharge into sheet flow, thereby
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m nim zing erosion and maxi m zing treatnment efficiency. The

swi vel tees allow adjustnent of the discharge elevation for nore
uniformdistribution. The pipe should be anchored using concrete
pads and straps. Uniformy spaced holes, slots, tees, and
serations are other possibilities for pipe distribution systens.
Typical inlet distribution design for a surface flow wetland is
shown below in Figure 9.

INLET WITH SWIVELING TEES

- ’~
M :;-— 8-10 em Crushed Stone
o3

>

pDistributor Pipe with Tees
(Provide Joints with Elastomeric
gaskets: rotate or twist tee with
lever to adjust flow distributian;
pipe betwaeen tees should be
anchored.}

STIKA AN s
» WL

bt

oo 'v‘-‘o’-i'ﬁ By

ST

PLAN VIEW
Avg. Oparating Watar Depth: 16 to 32 em

: Bottom Slope: 0 to 1%
Soit Covear Over Liner i ‘ ‘

Sv ?v.l 0 Tee

WatarSu

Liner {Synthetic or clay)

PROFILE

Figure 9. Typical Inlet Control Structure.
4.7.5 Ef fl uent Coll ection and Water Level Control

The outlet for a SF wetland typically consists of perforated
col l ection pipes buried in coarse gravel across the end of the
cell and discharging into an outlet control structure. See
Figure 10 on the next page. Water |evel control and adj ustnent
is critical to the establishnment and survival of the CWMS
vegetation. One effluent control structure incorporating water
| evel control piping at the end of each cell using either the
swi vel ling standpi pe, or a collapsible tubing option is shown in
Figure 10. Another nmethod is to provide an adequate | ength of
weir crest per cell using renovable stop |l ogs for water surface
adj ustnent. The design of the water |evel/effluent control
structure should allow mani pul ation of the water | evel from
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Figure 10a. Typical Plan--Water Level Control Structure.
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Figure 10b. Typical Water Level Control Structures.
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draining the beds to allowing the water to rise to the maxi mum
al l omwabl e. The design water surface for the wetland should be
vari abl e between 0 and 60 cm (0-24 in). A flow neasuring device
may al so be added to the outlet structure. Flowfromthe outl et
structure is discharged by gravity to the wash water supply

basi n.

4.7.6 Berns

The CWMS cells should be surrounded with earthen berns or a
retaining wall simlar to those used in conventional sludge
drying beds. The berns confine the wastewater in the treatnment
system and al so prevent potentially contam nated surface runoff
fromentering the system The top of the bermor retaining wall
should be at least 30 cm (1 ft) above the maxi rumwater |evel and
a mnimmof 15 cm (6 in) above the existing ground surface. A
depth of from15 to 30 cm (6 to 12 inches) should be allowed for
sedi nent storage and vegetation debris at the bottom of the
wet | and. Earthen berns are constructed with conpacted clay to
prevent seepage and have exterior slopes of 3H IV. Interior
sl opes may be 2H:. 1V or steeper and should be based on
characteristics of the existing soil and turf managenent
equi pnent to be used. |If maintenance vehicles are to be used,
then the top of the bermshould be 3 m (10 ft) w de.

4.7.7 Retaining Walls

Retaining walls are used instead of earthen berns to
conserve space or for terraced designs. These can be constructed
with concrete bl ocks, untreated cross ties, |andscape tinbers or
other materials that are strong, durable, and weat herproof.
Naturally rot resistant woods such as redwood, cypress, or cedar
can be used. Chemcally treated wood which could | each harnfu
chemcals into the CWMS may be used if covered with the |liner or
otherwi se not allowed to nake contact with the water being
treated. Line, seal or otherw se construct retaining walls to
prevent seepage.

4.7.8 Construction Sequence

The sequence of wetland construction is survey control; site
preparation; rough grading; installation of structures and pipes
in berm fine grading; installation of liner, baffles (if
needed), gravel, and interior pipes; filling the wetland; and
pl anting the vegetation. Site and basin preparation is simlar
to that of a lined pond. Baffle and nmedi a preparati on shoul d
follow pond liner installation as quickly as possible to mnim ze
the potential for |iner danmage.
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4.7.9 O her

The areas around the CMS should be sloped or trenched to
divert surface water away fromthe system Enclose the entire
CWS with a suitable fence, if required, to provide safety,

di scourage trespassi ng by humans and ani nal s, and prevent
possi bl e sanitary probl ens.

4.8 (Operation and Mi nt enance.
4.8.1 GCeneral.

(a) Constructed wetland treatnent systens require m ni mal
operation and mai ntenance. However, sonme care is required to
mai ntain an effective and attractive system

(b) The operator will need to routinely check the effl uent
structure to ensure that debris is not blocking the flow

(c) The ability of the wetland systemto provide the
anticipated levels of treatnent will be dependent upon operator
ability to control and manage system flows. The operator nust
prevent adverse effects due to peak washrack usage and extrene
bath flushing by (1) storing waste washwater in an equalization
basin just ahead of wetland cells, and (ii) gradually draw ng the
wat er down.

(d) Another beneficial operational design feature is the
ability to isolate individual cells fromincomng flows. This
allows for draining individual cells, and for oxidizing and
conpacting the sedinent. System operators can then reflood a
cell and allow it to stabilize before bringing it back on-1line.

(e) Managenent issues include |oading rates, harvesting of

vegetation and pest control. Ildeal loading rates wll vary
dependi ng upon the training mssion season and weat her
conditions. In the summer, high evapo-transpiration rates nmay

i ncrease the detention tine of the washwater, which could result
in a stagnation of the wastewater and unsuitable conditions for

aquatic life. Mke-up water may have to be added at such tines.
Heavy rainfall may help dilute the washwater, but it also could

decrease the detention tine. |In such a case, flow would have to
be stored upstreamin the sedinment basin and slowy released to

the wetl and.

(f) In cold regions during wnter nonths, ice may decrease
the volune of the wetland. 1In this case, water depths may have
to be raised before ice fornms to increase the volune of the
wet | and.
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(g) At sone later point in tinme it my be necessary to
renmove areas of decayed or dense vegetation. Thus far there has
been no apparent need to renove live or dead vegetation fromthe
wetland at the Ft. Riley, KS, CYW. Though renoval of vegetation
is not known to be a requirenent, the design should allow for
this mai ntenance to be done efficiently.

(h) Cccasionally, pest breeding nmay need to be controll ed.
Wet | ands provide ideal breeding areas for insects such as
nosqui t oes and ani mal s such as nuskrats. Physical, chem cal and
bi ol ogi cal nmeans of controlling nui sance popul ati ons may need to
be consi dered, but nust be safe for troops using the recycled
washwat er

4.8.2 Start-up

| f practical, the CWMS should be constructed first and water
di scharged to it for at |east one growi ng season. Water should
be added to the CWMS to maintain the water level. Liquid
fertilizer may be added for live plant growh and to enhance good
root devel opnent throughout the substrate. The live plant system
shoul d be well established even before conpl etion of other
conponents of the CVWF.

4.8.3 Water Level

For SF systens, water |evel is maintained during normnal
operation fromO to a maximumof 0.3 m (1l ft) above the substrate
by using the swi vel standpipe in the water |evel control outlet
structure or raising and |lowering flexible tubing with a notched
chain and hook on the wall (Figure 10). A water |evel gauge can
be constructed outside each cell to observe the water |evel
relative to the substrate surface. Water |evel should be
mai nt ai ned during extended periods of no flows or when weat her
conditions do not permt washing (e.g. winter nonths). Wthout
flow, nmoisture in the cell may evaporate or be transpired by the
plants in hot weather, or freeze solid, thereby damaging the
roots and tubers during severe freezing conditions. Provisions
shoul d be included to add water to the system as needed.
Dependi ng on installation |ocation, precipitation falling on the
har dst ands, sedi nent basin and CWS shoul d provi de enough
noi sture during extended non-use and wi nter periods. Leaks in
the water |l evel control structure should be checked and repaired.

4.8.4 Liner

Mai ntai n the cover over the sides of synthetic liners such
as pol yet hyl ene, PVC, hal pal on, neoprene, butyl rubber, etc.
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whi ch extend above the substrate and water |level to prevent W
degradation of these materials.

4.8.5 Berns

Repair earthen berm erosion when di scovered. Repair |eaks
around the berns or retaining walls by plugging or sealing. Mw
earthen berns and around retaining dikes to maintain an
attractive side. Exercise care to not erode bernms by using |ight
wei ght mai nt enance equi pnent.

4.8.6 Vegetation

(a) Frequently, observe vegetation for signs of disease or
other stress frequently. Signs are yellow ng or browning,
W thering, spots, etc. Sone vegetation problens occur naturally
wi th changes in tenperature and weat her conditions. First check
water |evel to assure proper operations. |If level is
satisfactory, then obtain guidance from plant specialist on post.

(b) Danmage from serious insect infestation, which is
destroyi ng vegetation, may be controlled or elimnated by
chem cal agents properly applied after obtaining guidance froma
know edgeabl e person for proper chem cal and application rate.

(c) |If vegetation does not appear healthy and water |evels
are correctly maintained, add a balanced liquid fertilizer three
times a grow ng season to the waste washwater. Nornmal waste
washwat er from nost CVWIF' s may not contain all the trace
nutrients and elenents required by the plants in the substrate.

(d) Replace extrenely stressed plants to fill voids.

(e) Weeds, trees, shrubs and ot her deep rooted plants
shoul d be renoved fromthe bed to prevent shading and crowdi ng of
t he desirable wetl and pl ants.

(f) Do not |eave roots exposed to air.

4.8.7 Vector Control

Mosqui t oes and other insect pest species are not a problem
for subsurface flow wetlands. Surface flow systens, however,

provide a potentially ideal breeding environment for insects. It
is recomended to design and operate wetlands to mnimze
nmosquito control. This includes avoi di ng anaerobic conditions

and static hydraulic areas. Fortunately, anaerobic conditions
are unlikely to occur because of the |low organic |oads in the
washwat er influent to the wetland. Operators should be able to
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renmove areas of vegetation that becone so thick as to cause
potentially static hydraulic or anaerobic conditions. The
technol ogy for use of parasitic pathogenic organi sns or hornonal
subst ances for the control of nosquito |arvae is avail abl e.
Bacillus sphaericus is a very effective agent which is now
approved for marketing.!® Indications are that nuskrat and ot her
burrowi ng animal trapping may be required to prevent destruction
of berms and vegetati on.

4.8.8 Health and Safety

The wetl and shoul d be fenced, but accessible to operators,
to prevent animals and humans from accessing the wetland. Assure
that troops do not use any chem cals to clean vehicles. Chemcals
can upset the treatnent process, damage and kill the wetl and
vegetation and be potentially harnful to the troops on contact
with recycled washwater. Do not apply herbicides and pesticides
whi ch can damage vegetation either on or near the systemor could
couse harmto troops exposed to chemcally treated washwater

5. COSTS
5.1 Design and Construction

Intermttent sand filters will be nore costly and nore
difficult to design and construct than will |agoons and
constructed wetlands. Though there is little historical cost
data to conpare, it is expected that sand filters will be at
| east 10 percent nore costly than | agoons. Surface flow wetl ands
are expected to be the | owest cost alternatives.

5.2 Typical Costs

Typical costs in 1994 dollars are given in Table 7 (next
page). These data illustrate the conparative costs for
construction and operation of the three alternatives, but should
not be used for estimation purposes on a specific project.

5.2.1 Intermttent Sand Filters

Cost for this treatnent process are site specific due to
avai lability of nmedia. Generalized cost curves are not
avail able. Costs itens include 60-nu HDPE |iner, granular nedia
(sand), gravel, 15-cm (6-in) lateral underdrains with 3-m (10-ft)
spacing, D.1.P. distribution piping, surface application piping
(W resistant PVC), concrete thrust bl ocking and access ranps,
redwood baffl es between cells, excavation and backfill (sl opes
3:1 interior, 2:1 exterior), and 3 m (10 ft) berm Annual O8M
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cost consi derations include maintenance, manpower, and energy for
punps.

5.2.2 Lagoons

Construction cost itenms for |agoons include clearing,
excavation, grading, other earthwork required for subgrade
preparation, service roads, and inlet/outlet works. Operation
and mai nt enance cost considerations include operating |abor,
mai nt enance | abor and materials and supplies.

5.2.3 Surface Flow Wetl and

Capital cost itens include earthwork, inlet distribution
structure, effluent collection, water level control structure,
vegetation, fertilizing, limng, and effluent collection piping.
Annual O8M expenses are for |abor only.

Treatment Alternative Construction Cost O&M Cost

$/hectare (acre) $/m? treated
Intermittent sand filters 1,090,000 {440,000} 0.10-0.20
Lagoons 262,000 (106,000) 0.07-0.13
Constructed wetland 98,800 (40,000) 0.03-0.09

Table 7. Typical construction and annual O&M costs for secondary
treatnent alternatives.

6. EXAVPLE PROBLEM

6.1 GCeneral Information. The follow ng fictional exanple, based
on the design exanple in TMb-814-9 illustrates the concept ual

desi gn procedures and criteria presented in this ETL. The soi

in the training area contains sone expansive, cohesive clays.

Soil tests revealed a soil type nunber, S, equal to 4 (Figure 3-
3, Th 5-814-9). The maxi nrum washwat er volune for the CWF, V.,
has been estimated to be 20,287 n? (724,522 ft%) and the average
daily flowis 2160 n? (570,042 gal). A mmjor vehicle washing
operation takes approximately 2 days (54 hr) but the CVWF w |

not be fully operational for 7 days after a mmjor exercise.
Estimated usage is 665 tracked and 786 wheel ed vehicl es per

month. Conputations will be primarily in English units with sone
metric units given

6.2 Intermttent Sand Filter

6.2.1 The desi gner chooses two filters, which will allow
flexibility to operate one while the other is allowed to rest.
From Table 3 (page A-9) for S = 4, a loading rate of 650, 000
gpd/ac is selected. The designer selects a filter dose frequency
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of 8 hr. The total sand filter area required is calcul ated as
fol | ows:

A = V. / dosing rate

724.522 ft3x 7.28 gal [ft3
(2 + 7) (650, 000)

= 0.93 ac (0.38 ha)

6.2.2 Thus, each filter should have a surface area of 0.47 ac
(0.19 ha).

6.2.3 Budget construction cost: 0.93 ac x $440, 000/ ac =
$409, 000.

6.3 Lagoon

6.3.1 The volunme of water in the |agoon is based on the greater
of V. or the average volune, V,, and 7 day assumed wash period
and detention tine.

Viagoon = 7 days X V4= 7 x 570,042 gal = 3,990,294 ga
or 533,462 ft3
or 14,937 n?¥

The designer uses a safety factor of 1.25 tinmes the val ue of
Viax OF

1.25 x 724,522 ft®= 905,653 ft3 (25, 358 nt)
Vol une of the lagoon is the higher of these val ues.

6.3.2 Add silt storage volune over a 20 year period,
assum ng 80 percent sedinment basin trap efficiency and an 8 nonth
consecutive washing season using the follow ng fornul ation:

[ No. of tracked washed/ nmonth x 2 cf/wash + No. wheel ed
washed/ month x 0.6 cf/wash) x 8 nonths x 20 yrs x percent carry-
over to | agoon.

57,600 ft3

[665 x 2 + 783 x 0.6) x 8 x 20 x .20
1,632 n?

6.3.3 Allow at least 2 feet of freeboard and 2 feet of sedi ment
st or age.

6.3.4 Select alength to wdth ratio, side slopes, and maxi num
wat er depth and conpute the pertinent dinensions for the |agoon.
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For length = width, 3H 1V side slopes, 8 ft water depth, 2 ft
freeboard, and 2 ft sedi nent storage, the total surface area
occupi ed by the | agoon is approximately 3.2 ac.

6.3.5 Budget construction cost: 3.2 ac x $110, 000/ ac = $352, 000.
6.4 Constructed Wetl and

6.4.1 The desired constructed wetland type for the soils
encountered at the wash facility is the surface flow (SF) type.
The designer selects the follow ng design criteria for sizing the
constructed wet!| and:

Hydraulic residence tine, t, = 2 days
Aspect ratio, LIW = 10

Vegetation: cattails

Design depth, D, = 8 in (20 cm
Porosity, n, = 0.75 (cattails)

Equi val ent depth, D, = nD =6 in (15 cn

6.4.2 Cal cul ate the dinensions of the required wetland to neet
t he above conditions from: Ay Q/De:

A, = Q/D=[(570,042 GPD/7.48 gal/ft3® x 2 days) = (6 in/ 12
in/ft)= 304,835 ft2 (28, 332n%)

Since L = 10W then 10W = 304, 835 ft? (28, 332n%)

Therefore, W= 175 ft (53 m and L = 10 x 175 = 1750 ft (530

m
6.4.3 Configuration: Designer selects a series, serpentine cel

arrangenment with each cell 175 ft x 585 ft (53 mx 176 m, and
terraced because of site topography and sl ope constraints.

585 ft (176 m)
From >
Primary E> 175 £t (53 m)
Treatment >
<_.
<— 175 ft (53)
<_
> To
175 ft —> }——> Washwater
(53 m) > Supply Basin
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6.4.4 Total area occupied by wetland is approximately 7.0 ac.
Budget construction cost is 7.0 x $40,000 = $280, 000.

6.5 Conversion Factors

Mul tiply by To Get
n#/ d 264 gpd
g/ nt-d 8.92 | b/ ac-d

kg/ ha-d 0. 892 | b/ac-d

kg/ nP 0. 200 | b/ ft?
nt/ ha-d 106. 9 gpd/ ac
m 3.28 ft
nt 10. 76 ft2
ha 2.47 ac
n¥ 264 gal
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